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PEEFACE. 


In adding to existing technical literatnre by the issne of this Encyclopaedia, 
the publishers believe that they are supplying a long-felt -want, both in the range 
of subjects dealt 'with, and in the manner of dealing with them. 

The most notable and important feature is undoubtedly represented by the 
Eaw Commercial Products. These may he said to have a three-fold interest for 
Englishmen, — firstly as being mostly derived from our colonial and other 
possessions, secondly as for min g a very large item of our carrying trade and 
indirect commerce, and thirdly as constitutiug the basis and mainstay of nearly 
all our great manufacturing industries. Yet singularly enough, all antecedent 
and contemporaneous encyclopaedias have failed to treat this extensive subject in 
a worthy and .comprehensive manner. Single articles certainly have appeared on 
the most prominent staples, such as cotton, indiaruhber, tobacco, cinchona, olive- 
oil, copal; but even these have been discussed from the historical and purely 
scientific point of view, rather than as objects of trade and manufacture, while 
the thousand and one less known (though perhaps no less valuable) allied 
substances are totally omitted. 

One of the greatest aims of this Encyclopaedia is to remedy this defect, and to 
afford the producer, the merchant, the manufacturer, and everyone having an 
interest in such materials, the fullest information as to where and how they are 
grown and prepared, what qualifications they are required to possess, what uses 
they are or may be applied to, and how their adulteration and falsification may 
be detected. 

There is manifestly great advantage in arranging these Eaw Commercial 
Products in groups, according to their similarity of origin, character, and 
application, placing them in alphabetical order for facility of reference. Such is 
the plan followed with the important classes indicated by Drugs, Dyestuffs 
[organic]. Fibrous Substances [from plants]. Narcotics, Oils and 'Fatty Sub- 
stances, Eesinous and Gummy Substances, Spices, Starches, Sugar, Tannin, 
yimher, and with many smaller families. While the recognized staples of each 
group necessarily claim the largest space, no member, however small or 
apparently insignificant, has been omitted, when reliable statements concerning 
•it gould be procured ; and it may be said without hesitation, that greater diligence 
in collecting information, and more careful accuracy in revising it, would have 
been difStvftt. For this reason alone, if for no other, this Encyclopaedia must 
for many years remain a standard work of reference. Other subjects which do 
not aJmit of conveniAit grouping, such as Coffee, Cocoa, Tea, are written with 
similar care and minuteness. And altogether it will be found that the articles of 
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this order, constituting the very nucleus and foundation of our great commerce 
and industry, are dealt with more clearly, practically, and comprehensiyely than 
has erer before been attempted in any general work, or indeed, in the majority of 
special treatises. 

Manufactures and industries may be roughly divided into two classes, those in 
which chemistry plays a part, and those which are essentially mechanical. The 
former class embraces Acids, Alcohol, Alcohohc Liquors, Alkalies, Alum, 
Beverages, Bleaching Powder, Bleaching, Candles, Celluloid, Coal-tar Products 
Dyeing and Calico-printing, Electro-metallurgy, Explosives, Floorcloth, Coal Gas, 
Glass, Indiarubber Manufactures, Leather, Manm-es, Matches, Mordants, Paper, 
Photography, Pigments and Paint, Pottery, Salt, Soap and Glycerine, Vamkh, 
Yinegar, and many smaller articles. The mechanical industries are mainly 
represented by the textile arts, — Cotton Manufactures, Hair Manufactures, 
Hats, Jute Manufactures, Knitted Fabrics, Lace, Linen Manufactures, Eope, 
Silk Manufactures, Smallwares, and Woollen Manufactures. 

The whole of these articles are from the pens of specialists. No pains have 
been spared to secure the assistance of men possessing a thorough knowledge of 
scientific principles, combined with the invaluable experience of actual working. 
Hence it will be found that the articles, instead of being mere compilations by 
professional writers, contain not only a critical account of the theory and practice 
of the modern processes, but indicate existing shortcomings, and suggest directions 
in which improvements should be essayed, thus having a future as well as a 
present value. 

In the chemical articles, besides exhaustive accounts of the manufactures, 
illustrated by numerous diagrams, special attention is given to three subsidiary 
considerations which are daily assuming greater importance. The first of these 
is the utilization of waste. While trade is brisk and profits are large, there is too 
often a disposition to neglect the bye-products which are formed more or less in 
every works ; but with dull times and keen competition has come a necessity for 
utilizing those accumulations of “ waste,” which really represent buried money. 
It may be said that each chemical industry forms a complement to some other ; 
one manufacturer builds an expensive works with the object of producing the 
very article which another is allowing to pour from his chimney or into the 
drains as worthless. This evil undoubtedly arises in great measure from that 
neglect of high-class technical literature which marks the average British manu- 
fecturer, whence it follows that he is ignorant of the needs of every industry but 
his own ; and it is just one of the great advantages of this Encyelopmdia that it 
embraces all important industries, and that cross-references are given wherever 
two or more overlap or bear upon each other. 

The second consideration, which is inseparably connected with the foregoing, 
is the prevention of nuisance. The legislation of the past few mrnths has 
brought many more industries under penalties 'for creating objectionable odours 
and waste liquors, and the immediate future will probably witness a ffirther 
extension. In this Encyclopaedia, prominent attention is given to methods of 
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ascertaining the character of escaping gases, and to means of rendering them 
innocnons or, even useful. When manufacturers realize that every escaping 
vapour means money deliberately thrown away, there wiU be more general 
disposition to regard Acts for their prevention as blessings instead of evils. 

The third consideration is adulteration, which may be said to have now 
attained to the dignity of a modem science. This subject is dealt with from both 
points of view, how it is done and how it may be detected. 

The textile articles form a very complete review of this extensive branch of 
our manufacturing industry. They treat not only of the objects aimed at in the 
various processes, and the results produced on the fibre or fabric, but also with 
the construction and development of the intricate and ingenious machinery 
employed, the utmost impartiality being shown in describing the productions of 
both British and American engineering firms. 

In conclusion, the publishers and editor gratefully acknowledge their in- 
debtedness to the persons and firms enumerated in the subjoined Hst, adding 
that more than ordinary thanks are due to Wm. Lant Carpenter, B.A., B.Sc., 
E. M. Holmes, F.L.S., E. Marsden, F. MaxweU-Lyte, F.C.S., and A. Eobottom, 
whose help has been invaluable in many ways. 


Allen, A. H., F.O.S., F.I.O., Pubhc 
Analyst. 

Ames, G. A., Sugar Planter, West 
Indies. 

Andr^, G. G., Editor to p. 640. 
Arnoux, L. 

Barnett, Samson, Junr. 

Bevan, E. J., F.C.S., F.I.C. 

Binns, E. W., Worcester. 

Blackburn & Attenborough, Notting- 
ham. 

Blashfield, J. M. 

Boulton & Co., Burslem. 

Burt, Boulton, & Heywood. 
Oalderwood, J. (Price’s Candle Co.). 
Carpenter, W. Lant, B.A., B.Sc., Ac. 

(C. Thomas & Bros., Bristol). 
Chance Bros., Oldbury. 

Chapman, J. G., M.I.C.E. (Fawcett, 
• ' Preston & Co.). 

Christy, T., F.L.S., Fenchurch Street. 
Copeland & Co., Stoke. 

Crookes, Wj, M.A., F.E.S. 
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Dobson & Barlow, Bolton. 

Evansk, W. N., Taunton. 

Evans, Cant & Co., Stratford. 


Fielding, E., Consulting Chemist. 

Fisher, J., Mincing Lane and Singa- 
pore. 

Fleming, W., Barrow Jute Works. 

Foster, E. Le Neve, F.C.S. (Calvert 
& Co., Manchester). 

Greville, H. L,, F.C.S. (Commercial 
Gas Co.). 

Harland, E. H, F.C.S., F.I.C., Pubhc 
Analyst. 

Holmes, E. M., F.L.S., Curator Mu- 
seums Pharm. Soc. 

Howard & Bullough, Accrington. 

Hummel, J. J., F.C.S., Professor of 
Dyeing, Yorkshire College. 

Jackson, J. E., A.L.S., Curator Mu- 
seums, Kew Gardens. 

Kathreiner, F., Worms. 

Keighley, G., Burnley. 

Leask, H, Glasgow. 

Livesey, H., Blackburn. 

Lomas, J. L., Alkah Manufacturer. 

McNaught, J. & T., Eochdale. 

Marsden, E., Editor- Associate ‘ Textile 
Manufacturer.’ 

Maxwell-Lyte, F., F.C.S., F.I.C. 
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May, CoL T. P., Louisiana. 

Messel, Dr. R, SilTcrtown. 

Milton, H., Norwich. 

Minton, T., Stoke. 

Morgan, W., Hat Manufacturer. 

Muter, J.,M. A., Ph.D., Public Analyst. 

Newlands, B. E. E., F.C.S., F.I.C., 
Clyde Wharf Sugar Refinery. 

Parr, Curtis & Co., Manchester. 

Peto, A. (Plumbago Crucible Co.). 

Platt Bros., Oldham. 

Pope, T. A., B.Sc. (Tyne Chemical 
Co.). 

Powell, H. J., B.A., Whitefriars Glass 
Works. 

Procter, H. E., F.C.S., Lowlights 
Tanneries. 

Reid, W. F., F.C.S., Stowmarket Ex- 
plosives Co. 


Eobottom, A., Mincing Lane. 

Sagar, T., Burnley. 

Sibson, A., F.C.S., F.I.C. 

Smith, E., Glasgow. 

Spon, K, C.E., Stowmarket Explosives 
Co. 

Stiff, K, London Pottery. 

Stott, A. H., & Sons, Mill Architects. 
Tatbam, J., Rochdale. 

Thomson, J., Photographer. , 
Unsworth, T., Manchester. 

Walls, W., Glasgow. 

Warren, T. T. P. B., F.C.S. 

Webb, E., & Sons, Worcester. 
Wedgwood, C., Etruria. 

Westbead & Moore. 

Wigner, G. W., F.C.S., F.I.C., PubUc 
Analyst. 


AfiiU and complete Index tcill he found at the end of the second volume. 
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Acn). (Fb., Acide; Geb., Sdure.) 

The term “acid” (Latin, addits, sottr) is applied in chemistry to a very large and important 
class of compounds, possessing certain distinctive properties. The most characteristic of these 
is the power of uniting with alkalies or bases to form salts which have neither acid nor alkaline 
properties. Every acid, in the strictest sense of the word, contains hydrogen. The difference 
between an acid and a salt will he readily seen by regarding an acid as a salt containing one or more 
atoms of hydrogen as its base, and having the power, when brought into contact with basic sub- 
stances, under favourable conditions, of giving up all or part of its hydrogen, and taking up an 
equivalent quantity of the base in its stead. In the fewest words possible, an acid is a salt of 
hydrogen, or a compound in which the hydrogen may be readily replaced by a base or metal , so as 
to form a salt. There are other characteristics which, though not essential, are common to a large 
number of acids ; they are (1), sourness of taste ; (2), solubility in water ; (3), the power of redden- 
ing blue organic colouring matters, such as Utrans, &c. ; and (4), that of decomposing carbonates with 
evolution of carbon dioxide. These secondary characteristics are extremely variable. The sourness 
from which the acids derive their name, and which was considered by the older chemists to be 
■ their most distinctive feature, is exceedingly intense in some, as sulphuric and acetic acids : in 
others, as benzoic acid, the acidity is so feeble as to be almost imperceptible, whilst others again 
excite no sensation of acidity when applied to the tongue. The same variableness is extended to 
the solubility of acids in water. All acids, however, possess in a greater or less degree the power of 
reddening tincture of litmus, just as alt alkalies, on the other hand, restore to the reddened litmus 
its blue colour; this reaction with litmus forms the simplest test for acidity and alkalinity in 
liquid bodies. 

By the chemist, then, the word “ acid ” is restricted to the so-called salt of hydrogen ; and to 
^ him it has no reference whatever to the sourness of the substance, so long as it fulfils the primary 
condition that its hydrogen is replaceable by a base or metal. It is unfortunate that a name which 
not only fails to convey a correct impression to the uninitiated, but conveys a distinctly erroneous 
one, should have been extended to a class of bodies whose right to that name is based solely upon 
their fulfilment of the above condition. 

The acids as a class are of very high importance in the arts and manufactures. The most 
important from a manufacturing point of view are sulphuric, hydrochloric, nitric, acetic, tartaric, 
citric, and oxalic; but a large number of otheis are manufactured and consumed, bn a small scale, 
in the chemical industries of this country, of which acids a few of the best known only will be con- 
sidered in the following articles. 

ACj-uLM ETHY. — This is the name given to the processes employed for the determination of 
the strength of acids, or of the amount of free acid contained in a given weight or volume of an acid 
liquid. In the processes herein described it must be understood that the liquid under examina- 
tion is in a state of tolerable purity, i. e. freedom from foreign matter, which would tend to give 
rise to inaccurate results. Thus, if a sample of nitric acid contained a small quantity of hydro- 
^ chloric acid, the latter would be estimated as nitric acid and would apparently increase the result, 
** whefeas it should be diminished by the amount of hydrochloric acid present. It will thus be seen 
, that unless the sample operated upon be absolutely free from other acids, only approximate results 
can be obtai||e4. It is possible to estimate with some degree of accuracy the strength of an acid 
solution by the temperature at which it boUs, or by its specific gravity. The latter means is, indeed, 
most copmonly employed in manufacturing operations to test the strength of commercial acids. It 
has been ascertained that tSle specific gravity of an acid solution almost invariably bears a uniform 
relation to its strength, or degree of dilution ; it is clear that if the density of absolutely pure sulphuric 
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acid be 1 '845, water being represented by 1, that a mixture of this with water in equal proportions 
would have a density exactly equal to the mean of those figures, and that according as acid or water 
predominated the density of the mixture would be higher or lower. In order to determine the density 
of such a mixture, and thereby its strength, or the amount of free acid which 
it contains, recourse is had to tlie small but exceedingly u-seful instrument 
known as the “ hydrometer.” We shall proceed to describe the principle on 
which this instrument depends, together with the two best-known forms and 
the mode of using. When a solid body is immersed in water, it is buoyed up 
by a pressure or force equivalent to the weight of a volume of water equal 
in bulk to the body immersed. In the same way, if it be plunged into a liquid 
of greater or less density than water, the pressure of the surrounding liquid, 
and the consequent buoyancy of the body, are also greater or less in proportion ; 
and from the difference obtained by observing tHe depths to which the body 
sinks, first in the liquid under examination, and then in pure water, by means 
of a graduated scale attached to the sinking body, the density of the heavier 
or lighter liquid may be easily calculated, that of water representing nnity. 

Most hydrometers are constructed on the same plan, and only differ from one 
another in the mode of graduation. They consist usually of a light glass 
tube, having an oval bnlb A, Fig. 1, blown on the lower end. Below this 
bulb, which contains air, is another small bulb, B, weighted with shot or 
quicksilver in sufiBcient quantity to cause the tube to sink to a convenient 
depth in a liquid of the required density. Inside the tube is fixed a paper 
scale, the graduation of which is arbitrary. The hydrometer in common use 
in this country for testing the density of acids and other liquids heavier than 
water is that known as “ Twaddell’s.” In this instrument the density of pure 
distilled water is represented by 0°, and the scale is graduated in such a 
manner that the specific gravity of the liquid may be calculated by multiply- 
ing the number of degrees registered on the scale by 5, and adding the product to 1000 ; thus 
the density of a liquid testing 100° TwaddeU would be 100 x 5 + 1000 = 1500, or 1‘500. Tho 
reading is made by placing the instrument in the liquid and observing the figure registered on tho 
scale at the surface. Baumes hydrometer is the form in use on the Continent; in shape it is 
exactly similar to the preceding, but the stem is graduated difierently. It may be used for liquids 
either heavier or lighter than water, the graduation in one case being slightly different from tho 
other. As this graduation is entirely arbitrary, in order to ascertain from the number of degrees 
registered the actual density of the liquid tested the following tables may be conveniently 
referred to : — 



Fob Liqvids lighter than Water. 


Degrees. 

Specific j 
Gravity. 

Degrees. 

Specific 

Gravity. 

Degrees. 

Specific 

Gravity. 

Degrees. 

Specific 

Gravity. 

10 

1-000 

23 

•918 

36 

•849 

49 

•789 

11 

•993 

24 

•913 

37 

•844 

50 

•785 

12 

■986 

25 

■907 

38 

•839 1 

51 

•781 

13 

•980 

26 

•901 

39 

•834 1 

52 

•777 

14 

. -973 

27 

•896 

40 

•830 1 

53 

•773 

15 

•967 

28 

■890 i: 41 

•885 !l 42 

•825 1 

54 

•768 

16 

■960 

29 

■820 1 

OD 

•764 

17 

•954 

30 

•880 43 

•816 1 

56 

•760 

18 

•948 

31 

•874 

44 

811 

57 

•759 

19 

•942 

32 

•869 

45 

•807 

58 

■753 

20 

•936 

33 

•864 

46 

•802 

59 

■749 

21 

•930 

34 

•859 

47 

■798 

60 

•745 

22 

•924 

35 

•854 

48 

•794 





Fob I.iquids heavier than Water. 


c 

Degrees. 

1 

Specific 1 
Gravity. , 

Degrees. 

Specific [ 

Gravity. ; 

Degrees. 

Specific 

Gravity. 

Degrees. 

Specific 

Gravity. 

0 

1-000 1 

8 

1-056 i 

16 

1-118 . 

24 

1-18« 

1 

1-007 1 

9 

1 063 1 

17 

1126 ! 

25 

1-197 

2 

1-013 

10 

1070 

18 

1134 1 

26 

1-206 

3 

1-020 

11 

1-078 1 

19 

1143 1 

27 ' f 1-216 

4 

1-027 i 

12 

10.S6 

20 

1152 j 

28 

1-226 

5 

1-034 i 

13 

1094 

21 

1-160 1 

29 

I; 236 

6 

1-041 I 

14 

1101 i 

22 

1169* 

30 

1-246 

7 

1-048 j 

- 15 

1109 1 

23 

1-178 , 

31 

1-256 


« 


I 


I 
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Fob Liquids heavieb tha» Watbb — continued. 


Degrees. 

Specific 

Gravity. 

) 

j Degrees. 

Specific 

Gravity. 

Degrees. 

Specific 

Gravity. 

D^rees. 

Specific 

Gravity. 

32 

1-267 

44 


55 

1-567 

66 

1-767 

3.3 

1-277 

45 

1-421 

56 

1-583 

67 

1-788 

34 

1-288 

46 

1-434 

57 


68 

1-809 

35 

1-299 

47 

1-448 

58 

1-617 

69 

1-831 

36 

1-310 

48 

1-462 

59 

1-634 

70 

1-854 

37 

1-322 

i 49 

1-476 1 

60 

1-652 

71 

1-877 

38 

1-333 

50 


61 


72 

1-900 

39 

1-345 

51 

1-505 1 

62 

1-689 

73 

1-924 

40 

1-357 

52 


63 

1-708 

74 

1-949 

41 

1-369 

53 

1-5.35 ; 

64 

1-727 

75 

1-974 

42 

43 

1-382 

1-395 

54 

1-551 1 

65 

1-747 

76 

2-000 


The tables given below represent the actual percentages of real sulphuric, nitric, and hydro- 
chloric acids corresponding to the various densities of their aqueous mixtures. 


Fob SuiPHUBio Acid. Tempebatuee, 15° (60° F.). 


Specific 

Gravity. 

Per 

cent. 

Specific 

Gravity. 

Per 

cent. 

Specific 

Gravity. 


Specific 

Giavity. 

Per 

cent. 

l^)ecific 

Gravity. 

Per 

cent. 

1-8426 

100 

1-734 

80 

1-501 

60 ! 

1-306 

40 

1 1-144 

20 

1-842 

99 

1-722 

79 

1-490 

59 ! 

1-2976 

39 

1 1-136 

19 

1-8406 

98 

1-710 

78 

1-480 

58 ' 

1-289 

38 

1-129 

18 

1-840 

97 

1-698 

77 

1 1-469 

57 1 

1-281 

37 

1-121 

17 

1-8384 

96 

1-686 

76 

1-4586 

56 ! 

1-272 

36 

1-11.36 

16 

1-8376 

95 

1-675 

75 

1-448 

55 1 

1-264 

35 

1-106 

15 

1-8356 

94 

1-663 

74 

1-438 

54 1 

1-256 

34 

1-098 

14 

1-834 

93 

1-651 

73 

1-428 

53 : 

1-2476 

33 

1-091 

13 

1-831 

92 

1-639 

72 

1-418 

52 

1-239 

32 : 

1-083 

12 

1-827 

91 

1-627 

71 

1-40 S 

51 ; 

1-231 

31 j 

1-0756 

11 

1-822 

90 

1-615 

70 

1-398 

50 i 

1-223 

30 1 

1-068 

10 

1-816 

89 

1-604 

69 

1-3886 

49 1 

1-215 

29 ' 

1-061 

9 

1-809 

88 

1-592 

68 

1-379 

48 

1-2066 

28 j 

1-0536 

8 

1-802 

87 

: 1-580 

67 

1-370 

47 i 

1-198 

27 > 

1-0464 

7 

1-794 

86 

1-568 

66 

1-361 

46 1 

1-190 

26 

1-039 

G 

1-786 

85 

1-557 

65 

1-351 

45 j 

1-182 

25 

1-032 

5 

1-777 

84 

1-545 

64 

1-342 

44 ! 

1-174 

24 i 

1-0256 

4 

1-767 

83 

1-534 

63 

1-333 

43 : 

1-167 

23 

1-019 

3 

1-756 

82 

1-523 

62 

1-324 

42 

1-159 

22 

1-013 

2 

1-745 

81 

1 1-512 

61 

1-315 

41 . 

1-1516 

21 : 

1-0064 

1 


Fob Hydbochlobic Acid. Tempebatuee, 15’ (60° F.). 


* Specific 
Gravity, 

Per cent. 

! Specific 

Gravity. 

Per cent. 

Specific 

Gravity. 

Per cent. 

Specific 

Gravity. 

Per cent. 

1-2000 
1-1982 
1-1964 
1-1946 
1-1928 
1-1910 
1-1893 
1-1875 
1-1857 
1-1846 
1-1822 
1-1802 
•1-1782 
1-1762 
1-1741 
1-1721 
.. 1-1701 
1- J 681 
1-1661 
• 1-1641 

1-1620 
1-1599 
1-157» 
1-1557 
1-1536 

40-777 

40-369 

39-961 

39-554 

39-146 

38-738 

38-330 

37-923 

37-516 

.37-108 

36-700 

36-292 

35-884 

35-476 

35-068 

34-660 

34-252 

33-845 

33-437 

,^-029 

•^-621 

32-213 

31-805 

31-398 

30-990 

t 

1-1515 
1-1494 
1-1473 
1-1452 
1-1431 
: 1-1410 

1-1389 
1-1369 
1-1349 
1-1328 
1-1308 
1-1287 
1-1267 
1-1247 
1-1226 
1-1206 

1 1-1185 

1-1164 
1-1143 
1-1123 
1-1102 
1-1082 
1-1061 
r -1041 
1-1020 

30-582 

30-174 

29-767 

29-359 

28-951 

28-544 

28-136 

27-728 

27-321 

26-913 

26 - 505 
26-098 
25-690 

25 -‘282 
24-874 
24-466 
24-058 
23-650 
23-242 
22-834 
22-426 
22-019 
21-611 
21-203 
20-796 

1-1000 

1-0980 

1-0960 

1-0939 

1-0919 

1-0899 

1-0879 

1-0859 

1-0838 

1 1-0818 
1-0798 
1-0778 

1 0758 
1-0738 
1-0718 
1-0697 
1-0677 
1-06.57 
1-0637 
1-0617 
1-0.597 
1-0577 
1-0557 
1-0537 
1-0517 

20 -.388 
19-980 
19-572 
19-165 
18-757 
18-349 
17-941 
17-634 
17-126 
16-718 
16-310 
15-902 
15-494 
15-087 
14-679 
14-271 
13-863 
13-456 
13-049 
12-641 
12-233 
11-825 
11-418 
11-010 
10-602* 

1-0497 

1 0477 
1-0457 
^ 1-0437 

1-0417 

1 1-0397 

1-0377 
1-0357 

1 1-0337 

t 10318 
1-0298 
1-0279 
1-0259 
1-0239 
1-0220 
1-0200 
1-0180 
1-0160 
1-0140 
1-0120 
1-0100 
1-0080 
1-0060 
1-0040 
1-0020 

10-194 

9-786 

9-379 

8-971 

8-563 

8-155 

7-747 

7-340 

6-9^ 

6-524 

6-116 

5-709 

5-301 

4-893 

4-486 

4-078 

3-670 

3-262 

2-854 

2-447 

2-039 

1-631 

1-124 

0-816 

0-408 


• 
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Fob Nithio Acid. Tempehatcbe, 15° (60° P.). 


Specific 

Gravity. 

Per cent. ' 

Specific 

Gravity, 

Per cent. 

Specific 

Gravity. 

per cent. 

I Specific 
Gravity. 

Per cent 

1-530 

100-00 ! 

1-4.56 

79-00 

1-363 

58-00 

1-225 

36-00 

1-529 

99-52 

1-451 

77-66 

1-358 

57-00 

1-218 

35-00 

1-523 

97-89 

1-445 

76-00 

1-353 

56-10 

1-211 

33-86 

1-520 

97 00 

1-442 

75-00 

1-346 

.55-00 

1-198 

32-00 

1-516 

96-00 

1-438 

74-01 

1-341 

54-00 

1-192 

31-00 

1-514 

95-27 

1-435 

73-00 

1-339 

53-81 

1-185 

30-00 

1-509 

94-00 ! 

1-432 

72-39 

1-335 

53-00 

1-179 

29-00 

1-506 

93-01 

1-429 

71-24 

1-331 

52-33 

1-172 

28-00 

1-503 

92-00 

1-423 

69-96 

1-3-23 

.50-99 

1-166 

27-00 

1-499 

91-00 

1-419 

69-20 

1-317 

49-97 

1-157 

25-71 

1-495 

90-00 

1-414 

68-00 

1-312 

49-00 

; 1-138 

23-00 

1-494 

89-56 

1-410 

67-00 

1-304 

48-00 

1-120 

20-00 

1-488 

88-00 

1-405 

66-00 

1-298 

47-18 

1-105 

17-47 

1-486 

87-45 

1-400 

65 07 

1-295 

46-64 

1-089 

15 00 

1-482 

86-17 

1-395 

64-00 

1-284 

45 00 

1-077 

13-00 

1-478 

85-00 

1-393 

63-59 

1 1-274 

43-53 

1-067 

11-41 

1-474 

84-00 

1-386 

62-00 

1-264 

42-00 

i 1-015 

7-22 

1-470 

83-00 

1-381 

61-21 

1-257 

41-00 

i 1-022 

4-00 

1-4U7 

82-00 

1-374 

60-00 

1-251 

40-00 

1-010 

2-00 

1-463 

80-96 

1-372 

59-59 

1-244 

.39-00 

0-999 

0-00 

1-460 

80-00 

1-368 

58-88 

1-237 

37-95 




The use of the liydrometer in acidimetrical operations constitutes the simplest and roughest 
test employed. When any degree of accuracy is required, the operator must have recourse to the 
more elaborate and lengthy processes of chemical analysis. A description of these in full would 
be out of place in a work like the present, and we shall content ourselves with noticing briefly the 
most popular methods in use in the laboratory. One of these, and perhaps the simplest, depends 
upon the weight of carbonic acid gas evolved from bicarbonate of soda by a known 
quantity of acid. The apparatus required is shown in Pig. 2, and may be readily 
constructed by the operator himself. It consists of a wide-mouthed flask A, 
fnmished with a tightly-fitting cork, through which pass two glass tubes c and 
d. The tube c terminates in a bulb B, which is fill^ with chloride of calcium ; 
the bent tube d reaches nearly to the bottom of the flask. A carefully weighed 
quantity of pure bicarbonate of soda is introduced into the flask and covered 
with distilled water. This done, a small glass test-tube containing a known 
volume of the acid to be examined (which must not be sufficient to decompose 
the whole of the alkali) is carefully lowered into the flask, in the position shown 
iu the figure. The flask is then corked up, and accurately weighed on a delicate 
balance. After this, the acid in the test-tube is run out upon the alkali by 
causing the tube to slip into a horizontal position. By this means, a part of the 
alkali, equivalent to the amount of real acid in the liquid, is decomposed, the 
carbonic acid gas evolved escaping through the bulb-tube B ; any moisture which 
may be carried upwards mechanically is absorbed by the chloride of calcium, 
the affinity of which substance for water is well known. When the whole of the 
acid has been neutralized, and the disengagement of gas has ceased, air is sucked 
through the tube B in order to withdraw any gas remaining in the flask and 
tubes. When perfectly cool, the whole apparatus is re-weighed. The difference 
between the two weighings represents the weight of carbonic acid expelled, and 
from this the amount of real acid in the volume of liquid operated upon may 
readily be calculated by multiplying it by the combining weight of the acid and 
dividing the product by 44, the combining weight of carbonic acid gas. Thus, ^ 

suppose the weight of the apparatus before the experiment be 32-355 gram., and after the experi- 
ment 31 -785 gram., the loss in weight, ’570 gram., represents the amount of gas evolved from the 

• 570 X 98 

bicarbonate of soda by the acid (say sulphuric acid). Then, — = 1-27 gram, of real 

44 ^ k'- 

sulphuric acid, the amount contained in the volume of liquid taken for experiment. The same 
method applies to the estimation of any acid which decomposes carbonates, the combining weight ‘ 
of such acid being substituted for that of sulphuric acid used in the above example. * 

Another application of the same principle is a method devised by Fresenius and Will. The 
apparatus is shown in Fig. 3, and consists of two small flasks, A a^d B, A being sligfitly the 
larger. These are furnished. with tightly fitting corks, through each of which pass the glass tubes 
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a, b, and c, arranged as shown in the figure. The flask B is half filled with concentrated sulphuric 
acid, and in the other is placed the acid to be tested, accurately measured, and, if necessary, diluted 
with water. A test tube is now introduced into the flask A, in the same manner as described in 
the previous case ; this tube contains bicarbonate of soda, in 
quantity more than sufScient to neutralize the whole of the 
acid contained in the sample. After carefully weighing the 
apparatus, the acid and alkali are allowed to mix ; carbonic 
acid is evolved, passes through the sulphuric acid in the 
other flask, being thereby thoroughly dried, and escapes 
through the tube a. AU effervescence having ceased, air is 
drawn through the two flasks by sucking at the extremity 
of the tube a, to remove any traces of carbonic acid re- 
maining behind. When quite cool, the apparatus is re- 
weighed, the loss representing the amount of carbonic acid 
disengaged from the alkali. The calculation to find the 
total quantity of acid in the volume of liquid employed is, 
of course, the same as in the preceding example. 

The estimation of acids by volumetric analysis is the 
exact converse of the method used in alkalimetry, since it 
depends upon the volume of an alkaline solution of known / ^ 

strength required to neutralize a given volume of the acid / 

under examination. For a description of this process, the 

reader is referred to the article on “ Alkalimetry.” ? 

Works for reference : — Freseniua’ ‘ Quantitative Analysis’; 

Sutton’s ‘ Volumetric Analysis.’ 

acetic ACIE. (Fr., Acide acetlqae; Geb., Essigsaure'). Formula of the hydrated acid 
GjHjOj ; of the anhydrous CjHjOj. Specific gravity of the hydrated acid 1 • 064 ; of the anhydrous, 
according to Gerhardt, 1-073. Boiling points 104° (219° F.) and 137° (278° F.) respectively. 

Pure acetic acid is a thin coloiurless liquid, with a pungent odour, which becomes suffocating 
without a liberal admixture of air. The purest acid solidifies below 15° (60° F.), forming large 
colourless crystals of prismatic or tabular form. In this, its “ glacial ” state, it does not redden 
litmus, requiring the addition of water for the development of acidity. It may, however, be kept 
in a closed vessel, if perfectly at rest, down to 12° in a liquid form, but upon the slightest agitation 
the whole body of acid immediately solidifies. Its vapour is exceedingly inflammable, burning 
with a bright blue flame and forming carbonic acid and water. Passed through a red-hot tube the 
greater part of the acid remains unchanged, but a portion is split up into free carbon and com- 
bustible gases, with acetone, napthalin, benzol, and hydrate of phenyl. 

Eeadily miscible with water in all proportions, the specific gravity of the solution is, however, 
irregular, and forms only an uncertain test of strength. As will be noted from the following table 
given by Mohr (‘ Ann. der Chem. und Phar.’ xxxi. 227), the density increases with the increased 
percentage of acid up to a certain point, but upon the further addition of acid falls away. 



Pct 

cent, of 
Acid. 

Specific 

Gravity, 

Per 

cent, of 
Add. 

Specific 

Gravity. 

Per 

cent, of 
Acid. 

Specific 

Gravity. 

Per 

cent, of 
Acid. 

1 Specific 
j Gravity. 

Per 

cent, of 
Acid. 

Specific 

Gravity. 

100 

1-0635 

: 80 

1-0735 

60 

1-067 

40 

1-051 

20 

1-027 

99 

1-0655 

: 79 

1-0735 

59 

1-066 

39 

1-050 

19 

1-026 

98 

1-0670 

i 78 

1-0732 

58 

1-066 

38 

1-049 

18 

1-025 

97 

1-0680 

: 77 

1-0732 

57 

1-065 

37 

1-048 

17 

1-024 

96 

1-0690 

76 

1-0730 

56 

1-064 

36 

1-047 

16 

1-023 

95 

1-0700 

75 

1-0720 j 

55 

1-064 

35 

1-046 

15 

1-022 

94 

1-0706 

74 

1-0720 1 

.54 

1-063 

34 

1-045 

14 

1-020 

93 

1-0708 

73 

1-0720 i 

53 

1-063 

33 

1-044 

13 

1-018 

92 

1-0716 

: 72 

1-0710 ' 

62 

1-062 

32 

1-042 

12 

1-017 

91 

1-0721 

71 

1-0710 

51 

1-061 

31 

1-041 

11 

1-016 

90 

1-0730 

; 70 

1-0700 

50 

1-060 

30 

1-040 

10 

1-015 

89 

1-0730 

69 

1-0700 

49 

1-059 

29 

1-039 

9 

1-013 

88 

1-0730 

68 

1-0700 

48 

1-058 

28 

1-038 

8 

1-012 

.87 

1-0730 

67 

1-0690 , 

47 

1-056 

27 

1-036 

7 

1-010 

86 

1-0730 

j 66 

1-C690 1 

46 

1-055 

26 

1-0.35 

6 

1-008 

85 

1-0730 

, 65 

1-0680 

45 

1-055 

25 

1-034 

5 

1-007 

84 

P«730 

64 

1-0680 

44 

1-054 

24 

1-033 

4 

1-005 

83 

1-0730 

63 

1-0680 

43 

1-053 

23 

1-032 

3 

1-004 

82, 

1-0730 

62 

1-0670 i 

42 

1-052, 

22 

1-031 

2 

1-002 

81 

1-0732 

61# 

1-0670 ‘ 

41 

1-05P 

21 

1-029 

1 

1-001 
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Acetic is one of the most powerful of acids, raising blisters if dropped npon the skin, and 
blackening organic substances after the manner of sulphuric acid. Owing to a peculiar and 
complex constitution, the crude acid (pyroligneous or commercial, i. e. the acid obtained by dis- 
tilling acetate of lime with sulphuric or hydrochloric acid) is exceedingly uncertain in its action, a 
sample registering (say) 6° Tw. often producing as good results as one at 9°. The hydrated acid is a 
powerful solvent of various organic bodies, camphor, resins, essential oils, phosphorus, &o., and it is 
this and its ready combination with various bases, forming a series of well-known salts, that are 
its most valuable properties. These salts are remarkable for being all soluble in water ; they 
may be formed by the direct action of the acid upon an oxide, or by the indirect means of double 
decomposition between an acetate and a salt of the base required. It should be noted that on 
account of its solvent power over copper and lead, acetic acid ought to be carefully tested for 
these substances, which the vessels used in the various processes of manufacture are liable to con- 
taminate it with. 

The anhydrous acid has been but little examined, and is, as yet at least, of comparatively small 
importance. It is a heavy, mobile liquid, colourless, and strongly reftacting, with a powerful 
ethereal odour. Poured into water it does not readily dissolve, but falls to the bottom in oily 
drops, and is gradually converted into the hydrated acid. 

The manufacture and use of acetic acid, as its name implies (Lat. acetum = vinegar), are of great 
antiquity. Moses speaks (Numbers vi. 3) of “vinegar of wine,” “ vinegar of strong drink,” and 
from the testimony of several ancient writers it is evident that the properties and uses of the acid 
were well ascertained. Perhaps the oldest record proving this is the noteworthy allusion in the 
Book of Proverbs to the action of vinegar upon nitre. It is the product of the oxidation or 
destructive distillation of various organic bodies, and exists in nature in considerable quantities, in 
the juices of many plants, especially trees, and in animal secretions. Until a comparatively recent 
date, however, its chief source was the distillation of acetate of copper — verdigris. 

Acetic acid in its various forms occupies a very prominent place in the arts, manufactures, and 
commerce. It is extensively used in the treatment of gums, caoutchouc, and various albuminous 
substances, in the manufacture of paints and varnishes, and as a drug. In a dilute state, and in 
its well-known form of vinegar (which is simply a weak solution of the acid contaminated with 
certain vegetable impurities), it is largely employed in culinary arts and the manufacture of 
pickles, &c. The crude pyroligneous acid, prepared by the distillation of wood, is, from its ad- 
mixture with creasote and other hydrocarbons, a valuable antiputrescent, and as such is used in 
the preservation of timber — also flesh. The distilled vinegar (wine or malt vinegar deprived by 
distillation of colouring and other non-volatile bodies) is used in medicine to relieve nervous head- 
ache, fainting fits, and sickness. Smelling salts are usually sulphate of potassium mixed with a 
little glacial acetic acid. Finaily, it forms a series of salts, or “acetates,” of special value in 
calico printing, dyeing, and other branches of industry. 

Methods of Preparation and Mancfactcre. — The anhydrous acid may be dismissed without 
further notice, beyond simply stating that it may be prepared by the action of acetyl chloride 
upon potassium or sodium acetate, or by heating one of these acetates with benzoyl chloride. 

For the production of the ordinary hydrated acid, three processes are employed — (a), acetous 
fermentation, chiefly carried on for the production of vinegar ; (6), the dry distillation of wood, 
whereby the impure or pyroligneous acid is obtained, and, by subsequent processes, the acetates of 
lime, iron, soda, Ac. ; (c), the distillation of various metallic acetates with sulphuric or hydrochloric 
acid, yielding the pure acetic acid of commerce. 

By acetous fermentation is meant the oxidation of dilute alcohol, or various liquids containing 
alcohol, in the presence of yeast, or almost any azotized matter liable to decay. Not that the 
presence of these putrescible substances or “ ferments ” is necessary to bring about the change, for 
by the simple action of the air, or by various oxidizing agents — chromic, nitric, or hypochlorous acids 
&o. — alcohol may be converted into acetic acid ; but the change is effected much more rapidly and 
effectually in the presence of a ferment, along with an abundant supply of air. The nature and action 
of these ferments are as yet only imperfectly understood. According to Pasteur the formation of acetic 
acid from alcohol depends upon the presence of a fungus — ^the Mycoderma aceti — which, like platinum 
black, has the power of absorbing oxygen within its pores and brings it into peculiarly intimate con- 
tact with the alcohol. His experiments go to show that this fungus (yeast-plant) can be sown on the 
surface of the liquid by introducing a small portion of another alcoholic liquid already in a state of 
fermentation, that it requires nutrition, subsisting upon the albuminous matters and mineral salts 
which alcoholic liquors usually contain, and that if these be absent the mycoderm remains barren 
for lack of food, and no acetification can take place. According to Mayer’s experiments (see ‘ Ann. 
Chem. Pharm.’ clvii. 227) the salt most necessary to the yeast-plant is the acid phosptt#c of potash, 
since if this salt be excluded the fermentative process is cheeked. At the same time the presence 
of other substances seems necessary, if not to produce fermentation, at legst to maintain the'myco- 
derm in proper condition, the salts of ammonium and magnesimn, or nitrogenous organic bodies 
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. similar in constitution to ammonia, pepsin, or the diastase of beer. Differing from these theories 
as to the nature and work of the mycoderm, Liebig and other eminent chemists regard the 
process of fermentation as one of the simplest alcoholic oxidation, and certainly wood shavings 
which have been used for many years in the manufacture of vinegar have been examined under the 
microscope without finding a trace of fungus upon them. 

The “ souring ” of wine is an everyday and natural illustration of the process of acetous fer- 
mentation, strong wines sonring more readily than weak because they contain less vegetable matter 
in proportion to absolute alcohol. 

During acetous fermentation a substance called aldehyde — a lower compound of alcohol and 
oxygen — is probably always formed. Aldehyde is an exceedingly unstable body, and to prevent 
loss of acetic acid through its volatilization it is advisable 
to bring the ferment and alcohol together with as free ad- 
mixture of air as possible, that a rapid and more perfect 
oxidation may be ensured. The German, or “ quick vinegar ” 
process, effects this in the following manner. A vessel is 
prepared of the description shown in Fig. 4, varying in size 
from 13 ft. high and 15 ft. in diameter to 8 ft. high and 
6 ft. in diameter, a large size being preferred. This “ tun ” 

(essigbilder, or vinegar “ generator ” or “ graduator ”) is care- 
fully hooped, and set up on any convenient platform. A 
cover, fitting loosely on the top, keeps out dust and dirt, and 
about 12 in. below this is a fixed shelf, perforated with a 
great number of small holes and two or three larger ones. 

In the small holes are suspended pieces of thread or string, 
kept in their place by knots at the upper end. In the larger 
holes are fitted short glass or wooden tubes which go through 
the cover and serve as vents. About 18 in. from the bottom of the generator is fixed a second per- 
forated shelf or false bottom, and some few inches above this the sides of the tub are pierced 
with holes IJ in. ih diameter which admit the necessary supply of air. Below the false bottom is 
an exit pipe for the liquid, preferably curving upwards when it reaches the outside until close 
upon the level of the air-holes. Finally, the generator is filled from the false bottom to within 
a short distance of the top shelf with shavings, chips of beech wood, or charcoal. The latter is 
preferable, as presenting a greater surface for oxidation than any other substance, but it requires 
frequent renewal, — not admitting of being cleansed. If shavings or chips are employed, they should 
be boiled in water and dried in a close ov^n before being used. Before passing the alcoholic 
liquors into the generator, the shavings, and the vessel itself, are “ soured ” with hot strong vinegar 
to accelerate the subsequent oxidation. The alcoholic liquors, usually consisting of 50 gallons of 
brandy of 60 per cent, and 37 gallons of beer with about vosotfi of ferment, are now introduced into 
the generator through a fuimel in the cover shown at A, Fig. 4. The liquors percolate slowly 
through the shavings, chips, or charcoal, meet an ascending current of nir, and undergo oxidation. 
Flowing over through the exit siphon they are returned once more to traverse the generator, or 
are transferred to a second similar apparatus, — the latter being the preferable plan. By this 
“quick” process, practised largely in Germany, France, and England, as much as 150 gallons of 
vinegar can be manufactured per diem in 10 tuns of the description shown in the drawing. The 
liquors should be as clear as possible — free from suspended organic substances — or else the chips or 
shavings become rapidly choked, and unless these are constantly cleaned by boiling in water, or 
renewed, equal distribution of the liquors is impossible. No pyroligneous acid, with admixture 
of tarry matters and oils, should be present, as they prevent oxidation. 

The nitrogenous organic substances having promoted the acetifleation of the alcohol, settle out 
and then assume a new form ; they are known as “ mother of vinegar.” Treated with potash this 
“ mother,” a white gelatinous mass, loses its nitrogen, pure cellulose being left. 

Further details of the process, and modifications of it — such as Ham’s — concern rather the 
manufacturer of vinegar than of acetic acid, and these, together with further details relating to 
Scetous fermentation, will be dealt with at length in a separate article upon vinegar. 

It should be noted that simple oxidation of alcohol — by the carefully regulated action of air or 
an oxidizing agent — ^produces pure acetic acid, but in the orthnary acetous fermentation, where 
certain vegetable bodies are present, the acid is yielded in the form of vinegar by admixture with 
varibus organic impurities. 

Pyroligneotjs Acid (Lat. Acidum pyroUgnosnm ; Geb. HoUsdure or Holz-essig ; Fe. Acide pgro- 
ligneiix). T.'w«mpure or pyroligneous acid is obtained by the dry distillation of wood in close ovens. 
From the first distillation it is a dark, yellowish-brown liquid of varying strength, possessing an 
unpleasant clinging odour from the tarry compounds and various resinous matters with which it is 
more or less impregnated. *1116 manufacture is carried on extensively in various parts of this country. 
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‘ in France, Germany, and Belgium, for the production not only of the pyroligneoua acid, but also for 
the sake of the naphthas, charcoal, and various tar compounds which are obtained. Indeed the 
process is one in which all the products are utilized in a remarkable degree— from the cutting of 
the timber down to all the final issues. 

Inasmuch as the item of carriage is an important consideration — owing to the balk of several of 
the products, and to the necessity for a cheap and ample supply of timber isolating the works, and 
banishing them, as a rule, from the great centres of industry — it is advisable for the manufacturer 
to select a site for liis works within easy and convenient range of his staple raw material (wood), 
and not far removed from rail or water communication. Isolation from works of a similar character 
is necessary to prevent enhancement of the cost of 'the timber through undue competition. An 
ample supply of water for condensing purposes is also an essential, and if the source of the water 
be so situated that hand-labour and fuel can be saved by the employment of water-machinery, it is 
a considerable- advantage. The questions of isolation and ample supply of timber within easy 
range are too often lost sight of, the omission entailing serious loss in a trade where the turn over 
is comparatively small, and the saving of labour and prevention of competition important items. 
It should be appreciated that an ordinarily sized works, of say eight ovens, consuming 40 to 50 
tons of wood per week, absorb over ICO acres of coppice in the year, and a coppice can only be 
advantageously cut once in every twenty years. 

Large timber — indeed, as will be seen hereafter, almost any woody substance, except such as 
are decayed— may be used for distillation ; but, except perhaps in the case of beech, it is usual to take 
the “ lop,” or smaller branches, or “ coppice ” wood (small timber grown for the purpose). These 
coppices, which are generally a mixture of various woods (hazel, oak, beech, maple, &c.), occupy an 
immense acreage in many parts of the country, are sold by the landowner to the manufacturer at 
prices varying from 31. to 15/. per acre, and are “ cnt ” about every sixteen years. Sometimes 
younger growths are taken — some manufacturers maintain that they can get good yields from a 
seven or eight years’ growth — but it is beyond doubt that the coppice does not reach its prime tUl 
it is about eighteen years old. The amount of water in the wood is an important consideration in 
distilling, second only to that of the constitution of the woody fibre Itself, inasmuch as it both takes 
up a portion of the heat, entailing a loss of fuel, and weakens the products of distillation. It will 
be readily apparent that the amount of water is greater in twigs and young shoots than in the 
more solid stem. It is also greater at the flow of the sap than when growth is less rapid, and 
hence, other things being equal, it is better to fell at the latter time. 

With regard to the respective amounts of water in different woods, the following table of 
Sohiibler and Hartig is worthy of note : — 


Hornbeam contains..' .. 

.. *.. 18 '6 per cent, of water. 

Willow 


.. .. 26-0 



Sycamore 

»t •• 

.. .. 270 

I» 

»» 

Mountain Ash 


.. .. 28-3 



Ash 

r» *• '• 

.. .. 28-7 

»» 


Birch 

♦j • • • • 

.. .. 30-8 



Oak 

?» » • • * 

.. .. 34-7 

n 


White Fir 

»» 

.. •.. 371 



Horse Chestnut 

i> • • » • 

.. .. 38-2 



Pine 

j» • • • • 

.. .. 39-7 



Bed Beech 

»» •' •• 

.. .. 39-7 



Alder 

♦> • • • • 

.. .. 41-6 


)> 

Elm 


.. .. 44-5 



Bed Fir 


.. .. 45-2 



Lime 

p » •» 

.. .. 47-1 



Italian Poplar 

»f •• •• 

.. .. 48-2 



Larch 

» •• •» 

.. .. 48-6 



White Poplar 

» •* »• 

.. .. 50-6 
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The samples tested were in all cases freshly cut wood. As all kinds of timber are hygroscopic, 
the action of the air in abstracting the moisture is to a certain extent neutralized. Probably • 
wood for distilling purposes, stacked in the yard or kept in the open, does not lose on an average 
more than one-third of its water. ^ 

Boots of trees may be distilled -with very fair results, but are liable to the g^reat evil of dry rot, 
and are expensive to prepare and pack in the ovens. In the proper sizing of these and of large • 
logs dynamite might be advantageously substituted for the gunpowder which is oftA%mployed. 

Different woods of course give different yields of the various products ; broadly speaking, 
perhaps, the charcoal — due regard being paid to its after uses — determines the quality of timber 
selected rather than any other consideration. If this product is destined for the manu&ctnre 
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of gunpowder, alder, willow, or dogwood is chosen ; if for tin-plating and heating purposes, the 
heavier woods, oak and beech ; if for crayons, willow ; if for absorbing purposes, a dense wood — 
box or lignuiu-vitse. If it be desired to obtain chiefly a good yield of pyroligneous acid, birch, 
thorn, and apple are the most esteemed. Firs, and other resinous trees, give good yields of the tar 
compounds and naphthas, but are not very extensively employed. As the most generally useful 
wood, giving good yields of all products — charcoal, acid, naphtha, and tar — oak holds the first 
place, and beech the second. The gunpowder woods give poor yields. 

When the wood is cut it is “ peeled ” — that is the bark taken off— and allowed usually to lie in 
the coppice until required for distillation, ,the bark being stacked for sale to the tanners. 
Sometimes the timber is removed aud stacked at the works, but this twice shifting entails un- 
necessary expense, and should be only resorted to in cases of enforced removal. The cutting and 
peeling are done either by day work or “on piece,” at very varying rates. It may be estimated 
roughly that the bark pays for the preparation of the timber, and the coat of drawing to the ovens 
aud cutting up may be avemged at 7s. per ton. 

The average yield of timber may be taken at 1 5 tons per acre, and the average cost delivered 
to the ovens at 13». per ton. The yield and weight of bark varies very much with the quality of 
timber and the wetness or dryness of the season, but may be averaged at 2 tons per acre. 

For removal, the timber is packed into “ cords,” of which there are several descriptions. The 
“government,” or “crown,” cord is 27 ft. 4 in. x 2 ft. 2 in. x 2 ft. 2 in., containing 128 cub. ft., 
but two other cords are largely used, one 8 ft. long by 4 ft. wide and 4 ft. high, and the other 16J ft. 
long by 2 ft. 2 in. high, and made up of pieces cut 2 ft. 2 in. long. The weights of these cords vary 
from 14 to 25 cwt. The short pieces, 2 ft. 2 in. long, are almost invariably preferred in Wales, and 
timber used there is, as a rule, much smaller than in other parts of the country. The length of 
time that the timber is allowed to lie or to remain stacked varies with different circumstances, but 
it should not be put into the ovens green, or else a large amount of moisture has to be dealt with in 
• distillation, and the labour and fuel costs are proportionately increased. It is also essential that 
there shall be no dry rot or “taint” present. In South Wales, where stacking in the yard is 
common, this last point is too little regarded. 

The ovens are cylindrical or square, of cast or wrought iron, and of varying dimension-s, according 
to the experience and judgment of the individual manufacturer. A convenient and very general 
form is shown in Figs. 5, 6, and 7; Fig. .5 showing the front elevation and section of the ovens 
crossways. Fig. 6 the back. Fig. 7 the section of an oven lengthways. The ovens here are in 
the form of cast-iron cylinders, 9 ft. long, 4 ft. in diameter, and IJ in. thick, set horizontally 
in brickwork, side by side, and forming any convenient range. A good-sized works will have 
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eight such cylinders. The house shown in elevation and section, and built on the top of 
* the range of ovens, is for drying the acetate of lime, the production of which usually forms a 
continuous process with that of wood distillation. For a further description of this, see imder 
"•“Acetate of lime.” One end of the cylinder, where the charge of wood is introduced and with- 
drawn, is closed by a strong cast-iron door, working on a hinge at the side (or preferably, and as 
" in Fig. 5, at^ top), and secured by a crossbar. For convenience sake this door may be hauled 
up by a chain and pulley set in the brickwork above. From the other or fire end of the cylinder 
issues ^ pipe, 9 or even 10 in. in diameter, which carries off all the gaseous products of distilla- 
tion. Each cylinder is hesited by a separate fire, shown at A, Fig. 6. The products of combustion 
pass through the pigeon-holed arch, circulate round the oven into flues which run under the 
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drying floor, and 'finally escape np the stalk. The fireplaces should be 5 ft. long and 20 in. 
wide. In some works two or more cylinders are set to one fire, and occasionally the flues are in 
no way divided, but the flames allowed to intermingle. Both these plans are, however, open to 
serious objections, the slight economy of fuel and brickwork which they effect being more than 
counterbalanced by the difficulty of repairing a cylinder when it is laid off. Moreover, if the fines 
are properly arranged, and the drying fioor is carefully constructed, the loss of heat up the chimney 




is comparatively slight. Some manufacturers prefer the cylinder ends projecting 2 or 3 in. from 
the brickwork, but it is very doubtful if any benefit accrues from such setting, and there is a dis- 
tinct loss of heat from radiation. It is better to let the fire end of the cylinder stand in about 5 in., 
as shown in the drawings, allowing for a 4|-in. brick wall to be built up and around the exit pipe. 

At B, Fig. 7, is shown an arrangement for drawing the charcoal as whole as possible, consisting of 
a sheet of stout iron fitting the interior of the cylinder transversely, but only reaching about half" 
way up. When the cylinder is charged, this diaphragm is set back to the fire end, but when 
the operation is completed, and the door raised, the workman draws it towards him by means of 
a rod lying on the bottom of the cylinder, and with it the whole of the charcoal residue. 

The charge of wood, out into suitable lengths, is thrown in until the cylinder is as full as 
possible. With ordinarily dry wood a charge will weigh about 24 cwt. ; if the pieces are crooked 
they should be sawn up, that no room may be wasted. The door is now lowered down, secured 
by the crossbar, and carefully plastered round with a loam or clay luting, so as to prevent 
either ingress of air or egress of the products of distillation. At first the fire should be kept 
under, to dry the charge, but after about two or three hours driven hard to effect perfect 
decomposition of the wood and the separation of all vohitile constituents. The rate at which * 
the fire is driven must of course depend upon the time allowed to work off the batch. If a 
large turn-out is necessary, carbonization may be effected in twelve or thirteen hours, but a slower 
process, say sixteen hours, gives better results. Not only is a slowly charred wood better in quality, 
but the amount of uncondeusable gases is reduced. During carbonization the following changes 
are effected. First, all extraneous moisture is driven off ; then, as the temperature is raised, and 
decomposition of the wood takes place, acetic acid and water ; then the tar and volatile oils ; and, 
finally, carbonic oxide, carbonic acid, and marsh gas. In the cylinder is left charcoal, retaining, 
piece by piece, the shape of the original wood. When the run of liquid from the condenser ceases, 
and the exit pipe from the cylinder becomes cool, it is known that the distillation is complete. The 
fire is allowed to die down, the door opened, and the charcoal raked out, by means of the diaphragm 
above described, into deep, iron waggons, shown at C, Fig. 7, and run away to cool. The waggons are 
fitted with a sheet-iron cover, which is luted down with clay to prevent absolute combustion of t]^e 
charcoal by the air. To effect this purpose, a little water is occasionally sprinkled over the charge 
when raked out into the waggon, but, as a rule, this is unnecessary. In the case of some old- * 
fashioned plants, the charcoal is raked into a luted box, sunk in the ground underneath the cylinder 
door, but it need hardly be pointed out that this plan creates an unnecessary amount of “ sujplls ’V" 
and dust. 

To economize fuel in the distilling operation, and prevent nuisance, some of our best manufac- ' 
turers are now beginning to adopt the very excellent plan of bringing the waste gases^iack from the 
end of the condensers, returning them into or under the fires, and burning them. The advantages 
of this plan are apparent — it is only surprising that it is not more genially adopted. * 

In the Forest of Dean, and some other parts of the country, instead of cast-iron cylinders. 
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wrought-iron ovens, set in somewhat similar fashion, are used. This arrangement, without the 
drying house — which is the same as in Figs. 5, 6, and 7 — is shown in Pigs. 8, 9, and 10. Figs. 8 and 
9 give the elevation of back and front, partly in section, and Fig. 10 the longitudinal section of an 
oven. It will be noticed that the charge is introduced and withdrawn in small sheet-iron 
waggons. By this arrangement labour is saved, and the removal of the charge effected with 
a miuimum of breakage. The waggons are piled up about 18 in. above the sides. These ovens 
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are usually about 8 ft. long by 5 ft. 
square, and the charge is contained in 
two waggons. It would, however, be an 
improvement on the usual plan to have 
«only one, longer, waggon, as the charge 
would thereby be more speedily with- 
drawn and covered up. The fire is 
sometimes allowed to play direct upon 
the oven after about 2 ft. from the arch, 
up to which point a IJ-in. casing gives 
protection: sometimes the oven is set 
“naked,” and occasionally a 4J-in. 
casing is carried all round. The heat 
and products of combustion pass up the 
sides, along an arched flue formed on 
the top of the oven, from thence into a series of flues forming the bed of the drying house, and 
finally escape up the chimney. 

*Each of these two systems of distilling — in cast-iron cylinders and wrought-iron boxes— has its 
•tanch upholders, and it would be difficult to assign to either the pre-eminence. As a general rule, 
it may be laid down that the Welsh ovens are the best for the small timber which is generally 
^stilled there, and the cast-iron cylinders more suitable for the heavier cuts preferred in other 
parts 0 ^ the country. The disadvantages of the cylinders are, a liability to crack, and a somewhat 
•larger consumption of fuel through the thickness of the plate. On the other hand, the wrought- 
iron oven is ap#l9 leak at the joints and doors, to warp with the heat, and is more appreciably acted 
upon by the acid products of distillation — especially when cooling down. With judicious and 
careful psitching, a cylinder,^ven when cracked, may be worked for eight or nine years with only 
the necessary renewal of the door and lighter parts. 
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Gccasionallyj yet another style of oven ia nsed, made of sheet iron, and divided into compart- 
ments, into each of which a charge of wood is lowered through a hole in the top. The compart- 
ments rest upon a movable framework, and are brought in turn under the door to receive the charge. 
By this plan only one opening is necessary, but the warping and general wear and tear present 
formidable objections. 

From the retort, of whatever description it may be, the gases pass along the exit pipe shown at 
D in Figs. 6 and 7 into the condensers. These are of various forms. A most effectual one is 
shown in plan in the general arrangement of works set forth in Plate I., and in perspective m 
Fig. 11. At the rear of the ovens a large tank is built, the same length as the range of furnaces, 
about 14 ft. wide and 3 ft. 6 in. deep. The exit pipe from each oven or cylinder is carried 
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straight through the side of the tank and continued to the opposite side, at its full size of 9 or 
10 in. as the case may be (see A, Pig. 11). It then turns sharply back, and is branched into 
two copper pipes B and C, one above the other. These copper pipes should not be less than 5 in. 
in diameter. They run back to the oven side of the tank, and are once more returned sharply, 
passing finally through the side of the tank farthest from the ovens, and dipping about 2 in. 
into a spout, which carries over the condensed products to a suitable receiver. The uncondensed 
gases are conducted away by a small pipe, after the manner shown in Fig. 13. The whole tank 
is kept full of water, a continual flow of which, on and off, must be secured by any convenient 
arrangement. The copper pipes must also have a considerable fall, to prevent their being choked 
by the deposit of tar, &o. This tarry deposit, from its clinging and heavy nature, is difficult to 
deal with, and the one great objection to this form of condenser is that it cannot be readily and 
speedily cleaned out. 

Another very simple condenser is shown in Fig. 12, which will readily explain itself. The 
cast-iron exit pipe from each cylinder is carried through a separate tank, or long box, about 
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30 ft. long by 3 ft. square, and dips into a spout at the end through a reduced pipe. The tank is 
kept full of constantly renewed water. Condensation by this method is not very perfect, and the 
great length of pipe renders proper cleaning out difficult. The unoondensed gases are carried off 
by a small pipe. ^ 

The plan which seems the most convenient, but which is not very largely used, is shown in 
Fig. 13. The exit pipe from the ovens, reduced in size to about 6 in., is connected with a range of 
pipes, preferably of copper, set zigzag fashion in an upright, strong, wood framework. By meaijs 
of an overhead pipe, which is perforated on its under side, a constant flow of water is precipitated 
over the whole range along which the gaseous and half-condensed products of distillation are 
passing, and falls into a tank in which the framework is set A small pipe cai^f® off the uncon- 
densable gases to be consumed in the retort fire. All the ends of the condenser pipes should be 
closed by blank flanges, so that there may be no difficulty in cleaning^out the tarry depoSt. What- 
ever form of condenser is used, the exit pipe from the oven should be connected with it by means of 
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a short length, as shown in Plate I., so that the apparatus can be readily and quickly dis- 
connected. For economy’s sake, two ovens are sometimes made to work through one set of con- 
densing pipes, but much better, and more certain, results are obtained when each oven has its 
separate condenser. 

The condensed products consist of water, pyroligneous acid, ammonia, tar, naphtha, and various 
oils and resinous matter; the un- 
condensable gases, returned to the 
fireplace or allowed to pass off into 
the air, consist of carbonic oxide, 
carbonic acid, marsh, and olefiant 
gases. The former are delivered 
into a tank, where the tar settles 
to the bottom and is drawn off by 
stop-cocks to the still, and the 
supernatant liquor — consisting 
cljiefly of water, pyroligneous acid, 
and naphtha, with a certain admix- 
ture of tarry impurities — runs over, 
or is drawn off into a smaller re- 
ceptacle, from whence it is pumped 
into the neutralizer. This neu- 
tralizer should be set on a higher 
level, that no further 
pumping, to the end of the 
acetate of lime process, 

> may be necessary. 

Ketuming for a mo- 
ment to the first receiving 
tank into which the whole 
of the liquors from the 
condensers pass, a con- 
venient form is shown in Fig. 14. A tank about 20 ft. long, 5 ft. deep, and 5 ft. wide, built of 
perfectly sound deals, which should be not less than 3 in. thick, without cracks, and firmly 
bolted together with 1-in. iron rods, is divided into three compartments, the divisions having 
a slight depression to allow the liquor to flow from one compartment when filled into the next, 
and so on till it finally flows over into the pumping well. The tar is deposited in the several 
compartments, and is drawn off for distillation. The products of distillation may be returned 
into the spout leading from the condensers. Very often, however, it is not deemed advisable to 
purify the tar in any way, and the whole of it is burned for fuel — mixed with sawdust, &o. — or is 
used for various purposes in the works. The lighter tarry and carbonaceous matters which rise to 
Ihe surface as a scum, while the liquors are passing through the various tanks, are skimmed off and 
utilized as fuel. 

If it be desired to obtain the pyroligneous acid by itself, or if a grey or white acetate of lime is 
required, the liquors from the tar settlers are distilled at a gentle heat, the naphtha passing over first, 
and the less volatile crude acid, mixed with various tarry and oily impurities, remaining in the still 
to be obtained by subsequent distillation. If it is only necessary to produce a brown acetate, the 
liquors are pumped up and mixed with Hme in the neutralizer, as .aforesaid, and the naphtha 
separated by after-distillation. A well-ordered works will have the necessary plant for both brown 
and grey acetate, so that command of more than one market for the absorption of the finished article 
may be obtained. For further details of these processes see “ Lime, Acetate of.” 

Such is the manufacture of crude pyroligneous acid as carried on at an ordinarily-well con- 
structed English works, and the process itself leaves comparatively little to be desired in the way 
of, improvement. Manufacturers should, however, turn their attention to the better separation 
and utilization of the tar products and constituents, the utilization of tite waste gases and the refuse 
from the neutralizers, and the direct purification of the crude acid. It would probably pay well, 
too, to establish small turneries in the works to use up the odds and ends of timber now wasted, or 
»snly qged for fuel. 

Owing to the exceedingly variable character of the chief raw material, wood, it is difficult to 
give definite yi e lds and costs. They may, however, be approximately calculated from the follow- 
ing data. Onuton of wood, costing 14s. delivered to the ovens, will yield 2J to 3 cwt. of bark, 
and, if fairly dry, 5 cwt. of best charcoal. If to 2 cwt. of best brown acetate, or IJ of grey, 1| to 
2 gals, of “miscible” naphtha' at 60° over proof, or 2f gals, of “solvent” naphtha at 45°. The 
labour in a works using, say, 45 tons of wood per week, will involve two men to charge and thaw 
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the ovens, two firemen, one neutralizer, one man to attend to the naphtha stills and conde^.^, one 
to work off the acetate of lime, carry it into the drying house, and spread and turn it while 
and one general labourer. In these data no mention is made of the constantly varying mc^ental 
expenses entailed by wear and tear; and it is assumed that the works ^ planned and 
substantiaUy built. The consumption of fuel in such a works should not exceed 12 tons per week, 

even where the waste gases are not utilized. _ . j . 

The following tables, drawn up by Stolze, are interesting, as showing the amount and strength 

of products obtained from various woods : — 


One lb. of Wood. 

Weight of 
Acid. 

Weight of Car- 
bonate of Potash 
neutralized by 

1 ounce of Acid. 

Weight of 
Empy- 
reumatic 
Oil. 

Weight of 
Charcoal. 


ounces. 

grains. 

ounces. 

ounces. 

White Birch 


55 

H 


Red Beech 

7 

54 

la 


Large-leaved Linden . . 


52 

li 

3} 

OalT 


50 

li 


Common Ash 

7i 

44 

If 

3} 

Horse Chestnut 

7|- 

41 

■‘e 

3i 

Lombardy Poplar 

7f 

40 

■*^8 

3f 

White Poplar 

Bird Cherry 

7| 

7 

39 

37 

■*■4 

3| 

3i 

Basket Willow 

7i 

3d 

■^2 

3* 

Buckthorn 

71^ 

34 


3i 

Logwood 

n 

35 


2 

Alder 

7i 

30 



Juniper 


29 


3 

White Fir 

6f 

29 



Common Pino 

6| 

28 


3 

Red Fir 

6f 

25 


H 


c 


84 lb. of Wood. 

Charcoal. 

Charcoal 
per Cwt. 
of Wood. 

Acid 

Liquor. 

Specific 
Gravity 
of Acid 
Liquor. 

Specific 
Gravity of 
Acid Liquor 
saturated 
with Lime. 

Measures of 
Soda to 
neutralize 
Acid Liquors. 

Incondens- 

able 

Products. 

Real 

Acid. 

Birch 

23i 

31 -.33 

45 

1-046 

l-OSO 

70 

15 

1-86 

Elm 

2l| 

28-66 

45J 

1-036 

1-075 

83 

17i 

2-26 

Willow 

18 

24-00 

49 

1-029 

1-045 

29 

17 

0-77 

Beech, low temp. . . 

24 

32-00 

46 

1-0.39 

1-090 

115 

14 

3-06 

Ditto, high temp. . . 

20 

26-64 

47 

1-034 

1-067 

90 

17 

2-40 

Laburnum 

20 

26-64 

46 

1-030 

1-055 

75 

18 

2-00 

Ash 

23 

30-68 

48 

1-035 

1-078 

92 

13 

2-45 

Alder 

20 

26-64 

48 

1-030 

1-065 

70 

16 

1-86 

Hawtliorn 

20 

26-64 

27 

1-040 

1-100 

140 

37 

3-7.3 

Young Oak 

28 

37-33 

39 

1085 

r085 

115 

14 

3-06 


✓ 


« 


c 


336 lb. of Wood. 

Charcoal. 

Charcoal per 
Cwt. of 
Wood. 

Acid 

Liquor. 

Specific Gravity 
of Acid Liquor. 

Grains of Bicar- 
bonate of Potash 
neutralized by 
one ounce. 

Dry Acetate 
of Lime 
produced. 

Beech 

84 

28-00 


1-029 

9i 

25 

Walnut 

72 

24-00 

150 

1-018 

7 

Hi 

birch, cut three years 

70 

23-33 


1-031 

11 

13 

Oak 

91 

30-30 


1-022 

8 

24 

Ash 

90 

30-00 

190 

1-624 

8 

22 

Apple 

70 

23-33 


1-017 

6 

18 

Wych Elm 

70 

23-33 

180 

1-018 

8 

16 * 

Maple 

77 

25-66 

145 

1-018 

6 

** 

20 

r 


The amount of charcoal obtained depends to a remarkable extent upon the length of time 
allowed for carbonization. Karsten gives the following interesting rfsults of a series of experi- 
ments upon air-dried timber : — 


1 


f 




ACETIC ACID. 


15 


Species of Wood employed. 

Charcoal. 

By qxuck charring. 

;By slow charring. 

Young Oak 

16-54 

25-60 

Old Oak - . . 

15-91 

25-71 

Young Beech 

13-12 

25-22 

Old Beech 

13-65 

26-45 

Young Alder 

14-45 

25-65 

Old Alder 

15-30 

25-65 

Young Birch 

13-05 

25-05 

Old Birch 

12-20 

24-70 

Young Deal 

14-25 

25-25 

Old Deal 

14-05 

25-00 

Young Fir 

16-22 

27-72 

Old Fir 

15-35 

24-75 

Young Pine 

15-52 

26-07 

Old Pine 

13-75 

25-95 

Lime 

13-30 

24-60 


Many improvements and modifications of the process of wood distillation have been proposed, the 
most notable having reference to the treatment of wood in a finely divided state — sawdust, and the 
exhausted residue of various manufactures, such as tanning and dyeing. These bye-products, in their 
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spent condition only a nuisance to the manufacturer, still contain all the elements required for the 
produotion«of acetic acid. TJjeir finely divided state has, however, presented a serious obstacle to 
their destructive distillation, as they form a dead mass in the retort, and allow of only partial 
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surface carbonization. The processes of Messrs. HaUiday and Bowers, boto of which have met 
with considerable attention at the hands of manufacturers, overcome this diffiral^ by keeping the 
woody material in the retort in a constant state of forward motion. Mr. Halliday s proross is 
shown in front and back elevation and longitudinal section in Figs. 15, 16, and 17. The nmtermls 
are put into a hopper A, Fig. 17, from which an endless screw B carries them forward into the 



cylindrical retorts C, Figs. 16 and 17. Here they are taken up by a second screw D. and moved 
forward to the other end of the retort. The process of disttilation is precisely the same as in the 
case of the ordinary timber, the charcoal issuing through a pipe E, into a vessel F, filletf 
with water, and the gases passing off up G to the condenser. The fireplace is shown at H, 
Figs. 15 and 17. 

Mr. Bower’s apparatus, adopted by four or five manufacturers in Eaneashire and Yorkshire, is 
shown in Figs. 18, 19, and 20. Fig. 18 gives a longitudinal section of the drying fiat, heated by the 
waste heat of the furnace ; Fig. 19 a longitudinal section of the furnace itself, and Fig. 20 a plan 
of drying flat and furnace arranged conveniently side by side. 

Keferring to Fig. 18, the sawdust, if wet, or waste dye-wood, is tipped into a hopper A placed at 
one end of the drying bed, and slightly above it. The material escapes from the hopper, falls upon 
the drying bed, and is taken hold of by a series of scrapers fixed upon endless chains B B B wliich 
travel upon revolving drums C C. By these it is moved slowly over the heated plates to the far 
end of the flat, and falls over the edge into any convenient receptacle. It is then taken up by 
elevators and fed into the furnace or retort through a hopper D, Fig. 19. The grooved rojlers 
shown at the bottom of the hopper, by which the supply of material to the furnace is regulated, are 
geared to revolve in contrary directions, and are set so that the points of the teeth approach each 
other very closely. They also revolve as nearly as possible in contact with the sides of the hopper, 
or with plates that can be “ set up ” towards the rollers so as to prevent escape of the products ef 
distillation through the hopper. The woody material (admitted as may be required, and in the 
manner shown, into the furnace) is taken hold of and moved slowly along the b|d towards the fire 
end by an apparatus exactly similar to that already described as part of the dr^g arrangement, 
and is discharged, perfectly carbonized, into a receptacle E filled with water, so constructed as to 
form a luting and prevent the escape of gases from the furnace. The charcoal in a finely divided 
state soon fills this vessel, and is cleared off by the revolving scraper shown at F. The products of 
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distillation pass off to tlie condensers throngli the pipes GG, and are collected in the usual 
manner. 

The many excellent points of this apparatus, which is very much to be preferred to the 
Halliday retort, will be readily appreciated, and when the drying bed and furnace are arranged side 
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by side, as shown in Fig. 20, the machinery and steam-power required are reduced to a minimum. 
It will be noted that the material is never handled from the time of entering the drying bed to its 
exit from the furnace as charcoal, and as all the motions aro slow the wear and tear of machinery 
are not great. One defect might be easily remedied. The scrapers now in use, and shown in cross 
section Figs. 18 and 19, move forward the woody material in small but unbroken heaps, the tops of 
which never get thoroughly dried. It would be better to serrate these scrapers alternately, as 
shown in Fig. 21. They would then act rather as claws, breaking up the lines of material into 
detached and small portions. 

Che returns from carbonizers of this description are somewhat unreli ible. It is claimed that 
they not only get through very much more work, but also give more satisfactory results in the way 
of yields and costs than the ordinary process of timber distillation. In estimates of this kind it 
must be remembered that against a very large amount of work there is the increased cost of carrying 
life woA; on, and, probably from the more or loss complete disintegration of the wood, the acid pro- 
duced is contaminated with resinous and oily substances more intensely diflacult to get rid of than is 
usually the case,* Moreover, the charcoal produced is comparatively useless, and most of the woods 
used in dyeing, e. g. logwood, are not well adapted for distillation. Still, where an ample and low- 
priced supiply of sawdust or spent dye-woods is obtainable — the latter are often to be had for the 
carting away — the cost of the*products of the distillation of such materials must be low, and a 
fruther saving is effected in carriage, inasmuch as the process can be advantageously adopted in 
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large towns where the pyroligneous acid, naphthas, and tar compounds can be readily and imrae 
diately utilized. It is unfortunate that the charcoal has to be obtained in a wet state, as it does not 
pay to di'y it, and even when dried and ground it makes but an inferior “ blacking.” Probably 



something might be done by delivering it into tar and working it up into a patent fuel. Several 
attempts have been made to cool it in closed chambers without the aid of water, but it^ fine state 
of division readers it peculiarly liable to combustion when it is exposed to the air. 


1 
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An interesting development of the treatment of sawdust and similar woody material would bo 
the absorption by them of waste liquors and the recovery of the absorbed substances from the 
cliarcoal after distillation. 

21 . 



Superheated steam has been occasionally tried as a carbonizing agent ip substitution for tlio 
ordinary coal fire, and has been tbe subject of several patents, but the difficulty encountered by 
obtaining the distillates in 'only a diluted form has never been overcome. Moreover, direct methods, 
such as those of Halliday and Bowers, have been devised and satisfactorily worked out, and the 
employment of waste wood pioducts as a source of pyroligneous acid has of late been very much 
restricted by their extended utilization in other directions — for bedding and building purposes, &c. 
The chief value of superheated steam, as will be readily apparent, lies in its adaptability to wood 
in a finely divided state, in dealing with which the ordinary oven or cylinder breaks down. 

'Various processes have been set on foot for the extraction of acetic acid from the woody fibres 
used in paper making — in the preparation of “ wood pulp ’’—the agent employed being steam at a 
high pressure, to avoid carbonization of the wood. The patent of Sir. George Fry, 1869, may be 
cited as an example. Insuperable difficulties have, however, been met witli in the separation of 
the acetic acid from the methylic alcohol, formic acid, resins, &c., with which it is intimately 
mixed, and the processes have never been worked on any large manufacturing scale. The same 
must be said of the proposals to separate the acid from the accompanying volatile products by 
presenting to it, during carbonization of the wood, a substance with which it, and it alone, can 
combine. Desirable as some such process may be, and at first sight seemiTigly easy of accomplish- 
ment, only an imperfect product, of uncertain constitution, has been obtained. 

As a step, however, in the right direction, Mr. Steedman’s process (patented 1873) for the 
purification of the crude product of distillation should be noticed. He proposes to pass the impure 
acid in a state of vapour through a hydrocarbon, oil, or fat, kept sufficiently heated to remain 
throughout in a liquid state, and preferably at a slightly higher temperature than the acetic acid 
vapour, to prevent loss by condensation. The process is conducted in “a copper vessel, of a 
rectangular form, about 5 ft. long, 1 ft. wide, and 2 ft. 9 in. deep. This vessel has fi.xed inside 
of it three partitions of copper or wood, horizontal in cross section, but slightly inclined lon- 
gitudinally. The partitions are open at alternate ends, and the vessel being filled with paraffin 
or other purifying substance, the acetic acid, which is introduced from the usual distillatory 
apparatus by a pipe leading in beneath the closed end of the lowest partition, travels along through 
the paraflin from end to end beneath the partitions, and is finally led from the top of the vessel to an 
ordinary condensing apparatus. The paraffin or other purifying substance in the vessel is kept 
Beated by a coiled steam-pipe or steam-jacket, and is withdrawn from the vessel whenever it is 
fully charged with impurities from the acetic acid.” Difficulties in regulating this process, its 
imperfect operation, except after repeated absorptions and waste of the purifying agents, have 
militated against its success. The words of the patent are quoted in the hojre of drawing the 
attention of manufacturers to the desirability of improving upon the present roundabout way of 
obtaining a pure acetic acid. 

Pyroligneous .acid is chiefly prepared for the production of some of the acetates — lime, lead, 
iron, and copper ; also, but to a comparatively small extent, for use as an antiputrescent. About 
fifty makers are in the trade in England, the chief localities where the manufacture is carried on 
being Lancashire, Yorkshire, and adjacent counties, and South Wales. There are also a few works 
in Gloucestershire, Somersetshire, and in the neighbourhood of London. The cost of a plant to 
work, say, 45 tons of wood per week, with acetate of lime process complete, is about 5000/. 
Distillation is also largely carried on in certain parts of France, Belgium, Germany, Russia, 
and Sweden, the continental processes being somewhat different from the English, and having a 
more definite reference to the article which it is chiefly desired to produce. 

In France a good yield of acid is usually the main point, and the apparatus shown in Fig. 22 is 
ffx4ensiwely employed. The charge of wood is arranged in a cylindrical wrought-iron retort A, of a 
capacity of about 6 cubic yards. Near the top of this cylinder, and at the side is a short exit pipe 
B for the gases, ^ering for adaptation to a connecting pipe. The mouth of the retort is closed by 
a strong iron cover, which is well luted, and the whole retort then hoisted into the brick furnace C, 
in the side of which is an opening to fit the exit pipe from the retort. Over the whole is embedded a 
cover of brickwork or other suitable material. At D is the fireplace. Heat being applied, the.chai'fe 
is first thoroughly dried, the connecting pipe is then lived and carefully luted, and the products of 
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distillation carried into the condenser. This is usually after the manner shown in Fig. 10, except 
that instead of a flow of water falling over the sets of pipes, these are themselves “jacketed” with 
pipes about 4 in. larger in diameter than themselves, and carefully closed at the ends. Water is 
conducted from a cistern set upon a 
higher level, enters the lowest jacket 
E, rises through the small connecting 
pipes, and finally passes off at G. 

The uncondensed gases are carried 
through a pipe H to the fireplace and 
utilized as fuel, being evenly distri- 
buted under the retort by a rose end 
and regulated by means of a stop-cock. 

When the flow of liquor ceases, and 
the connecting pipe between the con- 
denser and the retort cools down, car- 
bonization is complete. The retort is 
then hauled out of its seat in the 
furnace and another charged retort 
substituted for it. Sometimes conden- 
sation is effected by simply carrying 
the gases through a long arrangement 
of naked pipes, the heat passing off by 
radiation ; or by conducting them into 
a series of connected wooden chambers 
but where economization of water i 
not an important object the arrange 
luent first described is most esteemed. 

Another apparatus of very conve- 
nient form and extensively used is that 
of M. Kestner’s. The chawing, shown 
in Fig, 23, wilt be readily understood 
after a study of our own wrought- 
iron boxes or ovens of Gloucestershire 
and South Wales. The retort may be 
made of either wrought-iron or cast- 
iron plates bolted together. 

In Germany and Belgium, in dis- 
tricts where a good yield and quality 
of charcoal are chiefly desired, the 
furnaces of Schwartz and Reichenbach are esteemed and largely used. These are built of fire- 
brick, and are often of great capacity, up to 5000 or COOO cubic feet. Schwartz’s furnace resembles 
an ordinary English coke oven, and the process followed is very similar to that of coke or lime 
burning, the fire traversing the whole of the interior of the furnace, but with the admission of 
only sufficient air to carbonize the wood. A free draught is secured by making “ flues ’’ with the 
Ifirger pieces of timber and filling in the smaller pieces loosely ; in this way, too, an even distribu- 
tion of the fire and heat is est.rblished. The products of distillation pass off through openings 
near the bed of the furnace into convenient receptacles and condensers. It is known when the 
carbonization is complete by the smoke issuing from the chimney turning from black to a bluish 
white. After being left to cool for about twenty-four hours, a little water is sprinkled over the 
charcoal from holes in the top of the furnaces, hitherto kept closed, and the whole mass raked out. 

In Eeicheubach’s furnace, which is square, carbonization is effected by heating to redness a 
series of pipes or flues about 12 in. in diameter, which are carried through the sides of the furnace, 
and doubled back again. The products of distillation pass off, as in the case of the furnace of 
Schwartz, through openings at the sole of the furnace, whence they issue into canals and pipes in 
which the tar is deposited and the acetic acid and other volatile products condensed. Eeichen- 
bach’s oven is shown in Fig. 24 in section. The method of working will be apparent. The best 
charcoal, i. e. the most evenly carbonized, is obtained from Schwartz’s apparatus. , t. r 

In Russia and Sweden it is usual to carbonize in conical-shaped pits with a vessel placed along- 
side, but at a slightly lower level, in which all the tarry and acid products collect. The process is 
carried on chiefly for the sake of the tar, — coniferous woods, yielding 12 or 13 *r cent, as against 
8 or 9 per cent, from foliaceous woods, being selected, and only an inferior charcoal produced. 

In some parts of France and Germany where there is a rank growth of heather or'brushwood 
the following process is occasionally adopted the material, the cost of which is the expense of 
cuttin.cr, IS packejj into retorts of wrought iron, shaped like an inverted cone, and is set on fire, only 












ACETIC ACID. 


21 


just sufficient air being admitted through convenient openings to effect carbonization. The smoke 
and products of distillation pass off through a bent tube at the apex of the cone, and are conducted 
into suitable condensers and settlers. 


24 . 



Schwartz’s somewhat peculiar process for obtaining acetic acid from wood may also be iioliced. 
He cuts up the timber into small pieces and arranges it upon bogies in such a way as to allow a 
current of air to pass freely in all directions through the mass. The bogies are then run into cone- 
shaped ovens, all outlets are closed, and heat applied externally. The hot air within the oven is 
driven through the wood by means of fans, and without any actual carbonization a large yield of 
a peculiar sort of firewood is obtained, and a certain amount of acetic acid and tarry matters. It is 
claimed for this process that the results are highly profitable, but it is difficult to see how tlio 
manifest loss of the products of distillation, which only complete carbonization effects, can be 
made up. 

The third method of preparing acetic acid is by the distillation of certain metallic acetates — 
soda, lime, lead, or potash — with sulphuric or hydrochloric acid ; or, as in the case of binacetate of 
copper, by heat alone. The process usually employed on a large scale is the distillation of acetate 
of soda with sulphuric acid; in this way the bulk of the pure acetic acid of commerce is prepared. 

Six cwt. of soda acetate is put into a jacketed copper still, heated either by direct fire under- 
neath or by steam, and 312 lb. of sulphuric acid, of a specific gravity of 1 ’81, added, and intimately 
mixed with it. The still is then closed in, luted, and connected with a condensing worm of earthen- 
ware (preferably of porcelain or even silver), sot in a convenient vessel. All the joints of the 
apparatus should be made of silver. A gentle heat being applied, distillation is allowed to proceed 
until a faint empyreumatic odour comes from the distillate which runs from the condenser into a 
Citable receiver. The final products of distillation should thereafter be collected in a separate 
receiver and re-distilled. If the operation be carefully conducted with fairly pure materials, and at 
not too great heat, the acid comes over colourless, at about 1 • 05 sp. gr., containing about 35 per 
cent, of anhydrous acetic acid. Glacial acetic acid is obtained by distilling the product of the 
first operation with fused calcium chloride, and cooling the distillation. Below 15°, crystals are 
deposited, which are re-dissolved in their own mother liquor and re-distilled with calcium chloride 
until the whole of the acid crystallizes. Above 16°, these crystals deliquesce, yielding a very pure 
acetic acid of 1 • 063 sp. gr. Usually only the first part of the process described is followed, an acid 
at 1'05 being all that is desired by the bulk of consumers. For culinary purposes, pickling, &c., 
the strong acid is reduced by the addition of five times its weight of water. 

The sulphate of soda left in the retort is sold for the purpose of being worked up in the ordinary 
sulphate process — the manufacture of the salt from chloride of sodium and sulphuric acid — and is 
wortjf about 25s. per ton. The charge, as above, of 6 cwt. of acetate of soJa and 312 lb. of acid, 
should yield 6J cwt. of strong acetic acid. The cost of 1 ton of 1'05 sp. gr. acid is about as 


follows : — £ d. 

17 cwt. acetate of soda 18 0 0 

7 cwt. sulphuric acid 100 

• Fuel 15 0 

Wages 10 0 

Packaj§s 12 0 

Wear and tear, &c., and proportion of management expenses . . 2 0 


Less Bidphate of soda 


21 9 0 
1 5 0 
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The selling price of the acid is 2fcl. per lb. The cost is usually enhanced by the small amount 
made. 

If the acetic acid from this process does not come over perfectly colourless or free from eiupy- 
reuma, it may be purified by infusion with animal charcoal, or by allowing it to stand for ten days 
or so in tubs containing heechwood cuttings. 

The plant for tlie manufacture of, say, 2 tons of acetic acid per week, costs about lOOOf. About 
eight makers are engaged in the trade in the neighbourhood of London. 

When it is not required to obtain an acid of great purity it may be prepared by distilling brown 
acetate of lime with sulphuric or hydrochloric acid. When the former is employed, the salt is first 
broken up and intimately mixed with the acid in any suitable arrangement, usually a cast-iron 
cylinder, about 5 ft. long by 2 ft. in diameter, set horizontally in brickwork, and having a 
revolving axis fitted with arms, whereby the acetate is brought into a finely divided state, and at 
tlie same time the mixture is thoroughly agitated. A convenient charge consists of 5 cwt. of the 
salt to 3 cwt. of acid at 1 • 81 sp. gr. The contents of the cylinder in a half liquid state are drawn 
oft' through an opening in the lower part of the front end of the cylinder and placed for distillation 
in cast-iron trays. These trays vary in size from 4 ft. long, 3 ft. wide, and 2| in. deep, to 18 in. 
square aird 2J in. deep. They are transferred to the bed of any suitable furnace, and kept separate 
by means of rods of iron laid lengihways and transversely. Sometimes a special furnace is built, 
with a hod 8 ft. G in, long by 6 ft. 6 in. wide, and 3 ft. from sole to arch, but usually some unused 
iron retort is pressed into service, and answers all purposes. In either case beat is applied from 
a fireplace underneath, and a pipe from the further end of the furnace or retort carries off the 
products of distillation to any suitable condenser. The acetic acid is largely contaminated with 
sulphuric acid, sulphur, tarry, oily and various organic matters, from which it is purified by 
rc-distillation with bicaibonate of soda or bichromate of potash. The charge of acetate and 
sulphuric acid, as above, should yield 7i cwt. of crude acetic acid of a specific gravity of I'O.n. 
For the re-distillation, cast-iron, copper, iron lined with lead, or earthenware retorts may be used, 
copper being upon the whole the best. 

Distillation with sulphuric acid has been of late years to a great extent abandoned in favour of 
the newer process with hydrochloric acid, and is now carried on to a very small extent except by 
manufacturers of sugar of lead, &o. For some of these subsequent processes the impurities referred 
to are of slight moment ; indeed the crystals of sugar of lead obtained by treating litharge with 
acetic acid produced by the sulphuric acid process are better, finer, and of a purer colour than when 
hydrochloric acid has been used. A perfectly satisfactory reason for this has not been ascertained ; 
probably the sulphurie acid oarlxmizes the organic bodies contained to so large an extent in 
even the finest acetate of lime, and so renders them more easOy got rid of. It must be remembered 
that, even when by repeated re-distillation the acetic acid is rendered to all appearance colourless 
these organic matters may stdl be present. 

Distillation with hydrochloric acid upon a large scale is often carried out in the simplest possible 
manner, very little labour or plant being required. Good brown acetate, containing 70 per cent, of 
real acetate of lime, is dissolved in, and distilled with, an acid of 1'16 sp. gr., the proportions 
varying with the quality of the lime salt and its constituents. Usually every 100 parts of good 
acetate will require 05 paits of acid. An ordinary jacketed still and copper condenser-pipes may bo 
used. The acetic acid comes over at 1 ■ 05 to 1 • 06 sp. gr., has a slight brown coloration, and a strong 
empyreumatic taste and smell. It is, however, sufiScieatly good to make a very fair sugar of lead, 
and is largely sold for the purpose, — also for further purification. Occasionally this rough acid is re- 
distilled at a gentle heat before being sent into the market. It is worth about a penny per pound. 

A very much better article, however, is obtained by the following process. A pure brown 
iicetate of lime is first prepared by thoroughly settling, or even filtering, the saturated liquors, 
after the naphtha has been expelled, skimming off all the impurities which rise to the surface, and 
tiansferring only the clear liquor to an evaporating pan. Here it is evaporated to one-half its bulk 
and hydrochloric acid is added until litmus is just reddened. The resinous bodies still contained 
in the lime liquors are thereby further separated out and the creasote and other volatile compounds 
decomposed and driven off by further evaixrration. The quantity of hydrochloric acid whiclrit is 
necessary to add varies of course with the strength and quality of the crude acetic acid, but may 
be averaged at 5 lb. to every 33 gallons of the liquor left after the naphtha h,is been expelled. 
The solution of lime salt is now boiled down to dryness, being stirred frequently during desiccation 
to allow of the free emission of all vapours. By this means all volatile empyreumatic sttbstailces 
are driven off, and air almost inodorous acetate of lime, of a brownish colour but remarkably pure 
quality, is obtained. ^ 

Iron plates beated by a fire underneath are sometimes employed for the final drying and char- 
ring ; — a more certain clearing of the salt is thereby ensured, especially when the quan^ty operated 
upon is large. A brown acetate is preferred to a grey, because by satmation of the acid liquor s 
before distillation a certain amount of the impurities are carried down by the lime. 
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The lime salt, carefully prepared iu (his way, is next distilled with hydrochloric acid of about 
1*16 sp. gr., and a very good acetic acid of 1 * 06 sp. gr. with 40 per cent, of anhydrous acid obtained. 
If the separation of the resinous compounds which rise to the surface, by skimming or filtration, is 
carefully attended to, the acid comes over perfectly colourless, with a slight ethereal odour which 
may be gut rid of altogether by digestion with animal charcoal, or distillation with 3 per cent, of 
bichrome. Inasmuch as an acid of 1*06 sp. gr. is rarely required by consumers, the mixture of 
lime salt and hydrochloric acid may be advantageously diluted with water— preferably before dis- 
tillation, as the acetic acid comes over more freely from a weak than a concentrated solution. The 
follow’ing proportions may be recommended : — 

100 parts of lime acetate ; 

95 parts of hydrochloric acid ; 

25 parts of water ; 

which should yield 95 to 100 parts of acetic acid of 1 *05 sp. gr. 

A slight excess of hydrochloric acid iu this process is not of much consequence. It can be 
readily got rid of, and indeed when the acetic acid is subjected to further purification, is no evil. 
The excess, however, must be no more than to render the distillate slightly turbid when tested with 
nitrate of silver. This point shouhl be carefully attended to. 

With the reservation already set forth, the process of distillation with hydrochloric acid is very 
much to be preferred to that with sulphruio. In deciding, however, which method to adopt, the 
manufacturer must take into account his position and the relative costs of the raw materials, as 
there is not sufficient advantage on either side to counterbalance these incidental circumstances. 
The wear and tear of plant with hydrochloric acid is slightly less than with sulphuric, and the 
resinous compounds are kept in a harmless state. The sulphate of lime too, formed in the distilla- 
tion of the lime salt with sulphuric acid, is apt to form a crust on the bottom of the retort, and 
cause the metal to crack, besides wasting a certain amount of heat. When the process just 
described is carried out in its entirety, and carefully, an acid is obtained little inferior to that 
produced in the ordinary way from acetate of soda and sidphuric acid. 

A similar process has been adopted to some extent on the Continent for the production of 
acetic acid from brandy vinegar, but iu this case of course there is not the same amount of tenacious 
impurity to be got rid of. Strong brandy vinegar, containing up to 12 per cent, of anhydrous acid, 
is saturated with lime, and the turbid solution filtered and evaporated to dryness in an iron pan. 
The dry salt obtained is perfectly white, as the colouring matters contained in the solution are 
oxidized by the action of the air. The decomposition of the acetate of lime is eftected by hydro- 
chloric acid in the manner described, but as there is less admixture of foreign substances than in 
the acetate obtained from pyroligneous acid, a larger proportion of hydrochloric acid is required for 
the decomposition, viz. about 130 parts of acid to 100 parts of lime salt. 

The final purification of the acetic acid obtained may be effected by any convenient method. 
No extraordinary plant is required for these processes. The usual naphtha stills and evaporat- 
ing pans of the brown acetate process may be used, and for the distillation with hydrochloric acid 
a copper still with leaden or copper condensing pipes laid in water. Earthenware has been tried, 
but copper and lead are preferable as lasting longer, and in no way do they contaminate the acetic 
acid if the operation be conducted with care. 

The production of aci tic acid from acetate of lime has assumed large proportions of late yeats, 
as much as 5000 to 6000 tons of brown acetate being annually consumed by the trade. The chief 
seats of the industry are Lancashire, South Wales, and London. The product is known by the 
name of secund acid, or simply “ seconds.” 

The manufacture of acetic acid from the acetate, or, more correctly, the binacetate, of copper is 
of very old standing. From the time of the alchemists until a comparatively recent date the bulk of 
the acetic acid used was obtained by this method, now pursued almost entirely for the subsequent 
manufacture of the well-known aromatic vinegar. The copper salt is prepared by dissolving 
verdigris in hot acetic acid and allowing the solution to cook The acetate crystallizes out in 
daifc-green crystals, which yield, upon the application of heat, strong acetic acid, slightly admixed 
with acetone. The process of distillation is shown in Fig. 25. 

The crystals of acetate, which should be anhj drous and kept as dry as possible, so as to make 
a strong distillate, are intro luced into a suitable glass or earthenware retort A, and a gentle heat 
aiq)lied*from a fire at B. The acid distils over, and collects in a scries of glass coolers, placed 
in cold water. The last of these is furnished with a Welter’s tube, one arm of which dips into water 
or distilled vine^* in a vessel C, where all previously uncondensed vapours are collected. As soon 
as the acid comes over freely the temperature is raised, and gradually increased imtil distillation is 
complete, drown by the receivers becoming cool and the bubbles in the final condenser C ceasing 
altogether. The fire is then extinguished, the apparatus disconnected, and the receivers are emptied. 
The first acid that comes over is weak, diluted with whatever moisture may be in the copper salt 
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If desirable, this may be collected separately. Various precautions should be observed during 
distillation, as the vapours come over exceedingly hot. The temperature may be easily regulated 
by observing the rate at which the air hubbies through the liquid in the final receiver D. If there 
is any vigorous displacement, the fire should be immediately checked. The water iii the basins 



round the receivers should be renewed from time to time, but carefully, to prevent breakage, as the 
receivers get very hot. A trough or spout of running water may bo advantageously substituted 
for the ordinary separate basins. The retort should be well filled with the copper salt, so as to 
have as small an admixture of ah as possible, and both retort and receivers covered, the former 
with some non-conducting material, and the latter with cloths kept constantly damp. Finally, all 
jointings should he perfectly dry before heat is applied. 

During the distillation, fine portions of the copper salt are usually carried over, and give the 
distillate a pale-green colour. It is rectified by careful re-distillation, for which purpose the same, 
or a similar, apparatus may be used. If it be desired to obtain the whole of the acid from the copper 
salt, the last portions that come over should be collected in a separate receiver, as they are slightly 
empyreumatic. Twenty lb, of acetate should yield 10 lb. of crude, and Ib. of the re-distilled 
acid, of a specific gravity of about 1 '08 when the contents of all three receivers are mixed together. 
In the retort is left, after the first operation, a mixture of metallic copper with a little charcoal, 
amouuting in all to about one-third of the weight of acetate used. 

This process is still carried on in France to a considerable extent for the production of aromatic 
vinegars, for which purpose the acetic acid thus obtained is manipulated with various essential 
oils, camphor, and aromatic herbs, such as rosemary, thyme, &e. These preparations are known by 
several other names — acetum prophylacticum, Marseilles vinegar, vmnujre des /luatre voleiirs — the 
latter from the four thieves who, during a plague at Marseilles, plundered the sick and dead, 
escaping unhurt themselves through a plentiful use of the medicated vinegar. For further details 
of the manufacture see “ Aromatic Vinegar.” 

The last process for obtaining acetic acid by the distillation of its salts which it will bp 
necessary to notice is that patented by Mr. H. B. Condy in 1868, and now in successful operation 
in Newcastle-upon-Tyne. 

Proceeding from the already established fact that a solution of acetate of lime and chloride of 
calcium in equivalent proportions yields, when slowly evaporated, crystals of calcium aceto- 
ehloride (CaCl, CaC.HjOo -1- 6H„0), Mr. Condy demonstrated that the salt may be obtained readily 
and pure in quality even when a black or brown acetate of lime is employed. The patent may 
then be divided into two parts, (I) the preparing of the peculiar lime salt, (2) the production of 
acetic acid therefrom. 

In the manufacture of the aceto-chloride of calcium, 12 cwt. of brown acetate of lime are 
di.ssolved in 500 gals, of boiling water, and the solution is allowed to settle thoroughly, an operation 
usually requiring twenty hours, or thereabouts. The clear liquor is then transferred to another 
V e.-sel and about 7 cwt. of dry chloride of calcium dissolved in it, the mixture being well stirred 
and heated during and after the addition of the chloride. This quantity required, 7 cwt., vSries 
with tlie amount of impurity piesent; or, if the chloride be used in the state of solution, the 
amount of water must be taken into account. In addition, however, to the quantity required to 
form the aceto-chloride, there should be an exce.ss of about 20 per cent. The mixed solution of 
acetate of lime and chloride of calcium should stand at a specific gravity of 31° Beaume ; if weaker 
or stronger it should be concentrated or diluted until it registers the desired strength ; it is then 
drawn off to crystallize. The mother liquor from the first crystallization iSI* vaporated till a 
strength of 31° Beaume is attained, transferred to the crystallizing pans, and a second crop of 
crystals of aceto-chloride taken off. This process of crystallizing down the mothers «3 repeated 
until five crops are obtained, the liquor from the second crop being brought to 33° Beaume, from 
the third 35°, and from the fourth 36°. The last mother liquor retains nearly all the empyreu- 





ACETIC ACID. 


25 


matio compounds of the original salt, and tlie five crops of crystals, which are of remarkably 
uniform character, contain all the lime salt worth extracting. The final “mothers” may be 
distilled with sulphuric or hydrochloric acid in the manner already described for the production of 
a second quality of acetic acid. 

The five crops of aceto-ohloride arc next mixed together, carefully washed with water, and 
allowed to drain. They are then dissolved in about twice their weight of water, and to the filtered 
sulution a further quantity of about 10 per cent, of chloride of calcium is added. The reinforced 
solution is evaporated to 30^ Beaume, and finally crystallized in precisely the same manner as before 
to produce four crops. The last mothers from this second operation may be added to the previously 
obtained impure acetate solution for treatment with sulphuric or hydrochloric acid. 

This process may be modified in one or two ways, by the use of distilled acetate, or by the use 
of pyroligneous acid. In the latter case the acid must be neutralized with lime and tested for 
brown acetate, a solution containing 1 part of the salt in 10 parts, requiring the proportions stated 
above. As brown acetate of lime is a very uncertain article, of constantly varying constitution, it 
is advisable to test the hot mixture during evaporation, by setting a sample aside to cool from 
time to time, after 30° has been attained, to see if a good crop of crystals forms. The standards 
given above are only indications of the strengths required by an average sample of good acetate. 
If distilled acetate of lime be used instead of brown, the proportions will be 8 parts of the lime salt 
to 6 parts of chloride of calcium. 

It is very advisable in all cases to get rid of a certain amount of the impurities, always present, 
by roasting the acetate before dissolving. For this purpose any unused wood cylinder, say 7 ft. 
long by 4 ft in diameter, may be used, a grating being placed near the bottom, which should touch 
the sides of the retort at as few points as possible. The acetate is placed in shallow sheet- 
iron trays, similar to those used in the distillation with sulphuric acid, about 2 in. deep, and 
arranged one above another on the grating until the retort is filled. The trays are separated by 
rods of iron laid the lengthways of the retort. A gentle heat is then applied from a fire under- 
neath until the exit pipe from the retort begins to get cool, showing that all the water and 
volatile impurities have been driven off. The fire is then drawn and the whole allowed to cool 
down. This operation takes about forty-eight hours for completion. 

Instead of roasting the acetate, the aceto-chloride may be treated in a similar manner, or the 
mixture of acetate of lime and chloride may be filtered through animal charcoal, or any similar 
substance capable of separating out the empyreiunatic bodies. The process described, however, 
is that usually employed. 

To obtain the acetic acid from the crystals of aceto-chloride, they are distilled in the usual 
manner with hydrochloric or sulphuric acid in any suitable still and condensing arrangement. 
The best proportions are 112 parts of aceto-chloride to 24 parts of sulphuric acid of a specific 
gravity of 1'84 — preferably diluted with twice its volume of water — or 100 parts of the lime salt to 
50 parts of hydrochloric acid. Whichever acid is used, the distillation is more readily effected 
when the solution in the retort is well diluted with water. This has already been pointed out in 
describing the ordinary process of obtaining “ second ” acid by distillation. 

The acetic acid produced in this way is purified by re-distillation with an alkali in the propor- 
tions of 1 lb. of alkali to 10 gallons of acid. 

As yet only a very small quantity of the acid that comes into the market is obtained by Mr. 
Coudy’s process, there being a prejudice against it on the part of consumers, which seems to be 
entirely unfounded. 

The production of acetic acid from the other acetates, of lead, silver, potash, &c., is not of suffi- 
cient importance to require notice. 

Besides the three chief methods described — acetous fermentation, wood distillation, and the 
distillation of the acetates — acetic acid is occasionally obtained by the distillation of vinegar, and, 
for laboratory purposes, by the direct oxidation of alcohol through the medium of 
spongy platinum. This substance possesses the property of absorbing within 
its pores several hundred times its own weight of oxygen, and the alcohol, 

Upesented in a state of vapour, undergoes combustion and is converted into acetic 
acid. The operation may be conducted on a small scale by means of the 
apparatus shown in Fig. 26. Air is admitted between the rim of the bell-jar 
and the dish A in which it is supported ; the platinum black is placed in a 
•smali porcelain saucer B and alcohol is dropped upon it through the funnel E, 
which terminates in a fine point. The acetic acid condenses and collects in the 


On a larger scale, a aeries of shallow earthenware or porcelain vessels arc 
arrang^ on shelves fixed about 12 inches apart in a glass case, or a wooden box 
with a glass cover, to admit the heat of the sun. In each dish is placed a small tripoil about 1^ to 
2 in. high, bearing a watch glass, the bottom of which is well covered with spougy platinum. 
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The lower porcelain dishes are conveniently fi'letl with alcohol, and the temperature of the case 
raised by any suitable means to about 32° (90° F.). The spirit is converted into a state of vapour, 
which, coming in contact with the air held in the pores of the platinum, is oxidized into acetic acid, 
and falls back into the dishes or collects in a receiver 
arranged at the bottom of the case. To convert the 
whole of the alcohol into acetic acid, or to keep up a 
continuous production, it is of course necessary to 
renew the exhausted air of the case from time to time. 

The apparatus is shown in Fig. 27. 

Formerly, and especially on the Continent, where 
the duty on alcoholic liquids is low, this process of 
direct oxidation was largely carried on. It has, how- 
ever, been found that a considerable loss of alcohol 
takes place thi ough volatilization. 

A considerable number of waste and bye-products 
exist which contain considerable quantities of acetic 
acid, and in the treatment of which a good deal 
might, and will, be done. The obstacles usually 
encountered are the large quantity of material to be 
treated, the diiBcnlty of separating the impurities, and the comparatively small value of the acid 
obtained. The waste liquors from the manufacture of various indiarubber goods may be cited as 
an example. These liquors contain considerable quantities of acetate of lime, but mixed intimately 
with hyposulphite of lime (and lead), and contaminate the product if simple distillation with 
sulphuric or hydrochloric acid be attempted. It has been proposed to employ chlorine to convert 
all the sulphur acids and salts present into sulphate of lead, which can be filtered oflf or allowed to 
subside. 

Special details relating to the determination of the strength of acetic acid are interesting 
rather to the chemist than tlie manufacturer. As, however, it is often necessary for the latter to 
be in possession of some ready means of ascertaining the value of his product, or purchase, it may be 
stated that tliree methods of testing may be employed : — (1) neutralization with pure carbonate of 
soda or potash, and determination of the quantity required to saturate the acid ; (2) the specific 
gravity after neutralization with hydrate of lime ; (3) the simple specific gravity by acetometer. 
It has aheady boon shown (see Mohr’s table) that the last-named method is very unreliable, and 
can only be used as a rough test or within certain limits. It must be borne in mind that the test 
by acetometer is interfered with by the varying amounts of foreign and organic bodies, always 
present except in the case of a purified sample, which increase the density of the liquid ; and, 
furthermore, that the results vary for different temperatures. The following table, drawn up by 
Oudemanns, shows this difference between 15° and 40°, in liquids containing from 1 to 100 per cent . 
of acetic ao'd. 
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Acetic 

Acid 

Density. 

C 2 H 4 O 2 
per cent. 

o-=C. 

15° C. 

40° C. 

C 2 H 4 O 2 
|>er cent. 

0 ° C. 

15° C. 

40° a 

1 

1-0016 

1-0007 

0-9936 

21 

1-0.359 

1-0293 

1-0166 

2 

1-0033 

1-0022 

0-9948 

22 

] -0374 

1-0311 

1-0176 

3 

1-0051 

1-0037 

0-9960 

23 

1-0390 

1-0324 

1-0187 

4 

1-0009 

1-0052 

0-9972 

24 

1-0405 

1-0337 

1-0197 

5 

1-00S8 

1-0U67 

0-9984 

25 

1-04-20 

1-03.50 

1-0207 

U 

1-0106 

1-0083 

0-9996 

26 

1-0435 

1-0363 

1-0217 

7 

1-0124 

1-0098 

1-0008 

27 

1-0450 

1-0375 

1-0227 

8 

1-0142 

1-0113 

1 0020 

28 

1-0105 

1-0388 

1-0236 

9 

1-0159 

1-0127 

1-0032 

29 

1-0479 

1-0400 

1-0246 

10 

1 -0176 

1-0142 

1-0014 

30 

1-0493 

1-0412 

1-0255 

11 

1-0194 

1-0157 

1-0056 

34 

1-0507 

1-0424 

1-0264 

12 

1-0211 

1-0171 

1-0067 

32 

1-0520 

1-0436 

1 -0274 

13 

1-0-288 

1-0185 

1-0079 

33 

1-0531 

1-0447 

l-02.'3 

14 

1-0245 

1-0200 

1 0090 

34 

1-0547 

1-0459 

1-0-291 

15 

1 - 0262 

1-0214 

1-0101 

33 

1-0.560 

1-0470 

1-0300 

10 

1-0279 

1-0228 

1-0112 

36 

1-0573 

1-04S1 

1-0308 

17 

1-0295 

1-0242 

1-0123 

37 

1-0.585 

1-0492 

*J-0316 

18 

1-0311 

1-0256 

1-0134 

38 

1 0598 

1-0502 

1-0324 

19 

1 - 0327 

1-0270 

1-0144 

39 

1-0610 

1-0513 

1-0332 

21 

1-0343 

1-0284 

1-0155 

40 

1-0022 

1-0523 

1-0348 
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Acetic 

Acid 

per cent. 

Density. 

0° a 

15° G. 

40° C. 

41 

1-0634 

1-0533 

1-0348 

42 

1-0646 

1-0543 

1-0355 

43 

1-0657 

1-0552 

1-0363 

44 

1-0668 

1-0562 

1-0370 

45 

1-0679 

1-0571 

1-0377 

4<j 

1-0090 

1-0580 

1-0384 

47 

1-0700 

1-0589 

1-0391 

48 

1-0710 

1-059S 

1-0397 

40 

1-0720 

1-0607 

1-0404 

50 

1-0730 

1-0615 

1-0410 

51 

1-0740 

1-0623 

1-0116 

52 

1-0749 

1-0631 

1-0423 

53 

1-0758 

1-0638 

1-0129 

54 

1-0767 

1-0646 

1-0434 

55 

1-0775 

1-0653 

1-0440 

56 

1-0783 

1-0660 

1-0445 

57 

1-0791 

1-0666 

1-0450 

58 

1-0798 

1-0673 

1-0445 

5!) 

1-0806 

1-0670 

1-0460 

60 

1-0813 

1-0685 

1-0464 

61 

1-0820 

1-0691 

1-0468 

62 

1-0826 

1 0697 

1-0472 

(io 

1-0832 

1-0702 

1-0475 

64 

1-0838 

1-0707 

1-0479 

65 

1-0845 

1-0712 

1-0482 

66 

1-0851 

1-0717 

1-0485 

67 

1-0856 

1-0721 

1-0488 

68 

1-0861 

1-0725 

1-0491 

69 

1-0806 

1-0729 

1-0493 

70 

1-0871 

1-0733 

1-0495 


Acetic 
Acid 
C 2 H 4 O 2 
per cent. 

IX-n ity. 

0 °C 

15° C. 

40- 0. 

71 

1-0875 

1-0737 

1-0497 

72 

1-0879 

1-0740 

1-0498 

73 

1-0883 

1-0742 

1-0499 

74 

1-0886 

1-0744 

1 0500 

75 

1-0888 

1-0746 

1-0501 

76 

1-0891 

1-0747 

1-05C3 

77 

1-0893 

1-0748 

1-0501 

78 

1-0894 

1-0748 

1-0500 

79 

1-0896 

1-0748 

1-0499 

80 

1-0897 

1-0748 

1-0497 

81 

1-0897 

1-0747 

1-0495 

82 

1-0896 

1-0746 

1-0492 

83 

1-0896 

1-0744 

1-0489 

84 

1-0894 

1-0742 

1-0485 

85 

1-6892 

1-0739 

1-0481 

86 

1-0889 

1-0736 

1-0475 

87 

1-0885 

1-0731 

1-0469 

88 

1-0881 

1-0726 

1-0462 

89 

1-0876 

1-0720 

1-0455 

90 

1-0871 

1-0713 

1-0447 

91 


1 -0705 

1-0438 

92 


1-0696 

1-0428 

93 


1-0686 

1-0416 

94 

” 

1-0674 

1-0403 

95 

. 

1-0660 

1-0388 

96 

.. 

1-0644 

1-0370 

97 


1-0625 

1-0350 

98 


1-0604 

1-0327 

99 


1-0580 

1-0301 

100 


1-0553 

1-0273 


Tlie fii’tt method— neutialization with the caibonate of an alkali — is usually adopted for all 
careful testings. A “ standard,” or “ test/’ solution is prepared by dissolving, say, 530 grains of 
pure carbonate of soda in 10,000 grains of distilled water. This standard 
fcolutiou may, of course, consist of any quantity, provided that the right pro- 
portions are carefully registered ; it should be kept well stoppered. A know n 
weight of the sample of acetic acid is weighed off into a flask and a little 
litmus solution dropped in. The standard solution is then added until tho 
solution just turns blue. It is then well boiled to drive off the carbonic acid 
whicli would redden the solution, and if the blue colour has disappeared a 
little more of the standard solution is added to the boiling mixture until a per- 
manently purple hue is induced, showing complete neutralization of the acid. 

A simple rule-of-three calculation then gives the amount of acetic acid present 
ill the sample, since every 106 parts of the pure dry carbonate of soda put into 
the stan<lard solution are equivalent to, or indicate, 120 parts of pure acetic 
acid. The standard solution must be very delicately used as the point of 
neutralization is approcchtd, that there may not be an excels of alkali 
added. The apparatus best adapted for the process is shown in Fig. 28, 

Mohr’s burette. 

Acetic acid, especially the “second” acid, obtained from the acetate of 
lime, is liable to contamination with considerable quantities of sulphuric or 
hydrochloric acid if the process has not been carefully conducted. Positive 
adulteration with these acids, too, is frequently resorted to by vendors with 
the idea that the acetic acids keep better (a mistaken notion), or to increase 
unduly the amount of acidity. A rough test of any sample may be readily 
,made by boiling it with a little potato-starch for about ten minutes, allowing 
it to cool and adding a few drops of iodide of potassium. If the acetic acid 
be pure, the blue colour of iodide of starch will immediately make its appear- 
ance, but if ffither sulphuric or hydrochloric acid be present the starch is 
converted upon boiling into dextrin, and no blue colour becomes visible. 

A separate qualitative test for the presence of sulphuric acid is the addition of a soluble salt of 
barium, when the insoluble barium sulphate precipitates in the w ll-known form of a white heavy 
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powder. This is an exceedingly delicate test, the precipitate making its appearance when so small 
a proportion as adulterant is present. If the quantity be so very small, iiowever, the 

mixture requires a little time and vigorous shaking before the precipitate settles out. Tlie presence 
of hydrochloric acid may be ascertained by the formation of a white precipitate of chloride of silver 
upon the addition of a few drops of nitrate of silver. 

In testing vinegars for sulphuric acid, the presence of certain natural and soluble sulphates 
should be remembered, and made allowance for, as the sulphuric acid in combination will show 
upon the addition of the barium salt, in the form of a very slight precipitate. 

All these processes of testing are of course only rough, i. e. qualitatite, methods of ascertaining if 
the acid as manufactured or consumed is of good or inferior quality. The presence of free sulphuric 
acid is particularly hurtful if the acetic acid or vinegar be intended for pickling or any culinary use, 
as it injures the coats of the stomach. Only distilled water should be used for testing, as spring 
and river waters often contain certain soluble sulphates. 

The Acetates. — It has been said that acetic acid forms with various bases a series of 
valuable salts. These are for the moat part readily solnblo in water, the least soluble being the 
silver and mercury salts. All are decomposable by heat, most of them yielding carbonic anhydride, 
acetone, and an empyreumatio oil. Those, however, which are most easily decomposed, and contain 
bases forming stable carbonates, are resolved into acetone and a carbonate of the base. Heated 
with a large excess of a fixed caustic alkali, they are resolved at a temperature below redness 
into marsh gas and alkaline carbonate. Distilled with sulphuric acid they yield acetic acid, with 
sulphuric acid and alcohol acetate of ethyl. Heated with arsenious acid, they give off the odour 
of cacodyl. The most important of the acetates will be described in alphabetical order. 

Alcmlsa, Acetates of.— Acetic acid forms with alumina a series of salts, the exact constitution 
of which is still somewliat doubtful, but which are aU exceedingly valuable in the arts. The 
sesquiacetate, or “ red liquor” of the calico-printers, is perhaps the most extensively used. It is 
obtained by mixing solutions of lead acetate and alum, allowing the preparation to cool and 
settle, and filtering off, or decanting, the clear liquor from the insoluble lead sulphate. Equal 
weights of alum and acetate may be used, but some makers prefer a smaller quantity of the lead 
salt. Usually a little chalk, soda ash, or soda crystals is added, in the proportion of 5 to 10 per 
cent, of the weiglit of alum, to neutralize the free acid present. Red liquor is also prepared in a 
similar way, from mixed solutions of alum and lime acetate, lime sulphate settling out but the 
product in this case usually retains a certain amount of the sulphate, which impairs the colour, and 
makes the clotli finish rough. Sulphate of alumina may be advantageously substituted for a’lum. 
Not only does the sulphaoetate of alumina give as strong a red liquor us that prepared from 
ammoniacai alum, but the cost is less. Choice of the materials is, however, governed by the preiu- 
dices of the consumer or the purposes for which the liquors are made. ^ ^ 

The method of manufacturing a good red liquor is as follows 50 gallons of acetate of lime 
liquor marking 21° Tw. are heated up to 60° (140° F.) in a copper pan, and 200 lb. of ammonia 
alum in a crushed or roughly powdered state are well stirred into it, the temperature bein<- 
kept up until tlio alum is thoroughly dissolved. This operation usually takes a couple of hourm 
About 12 lbs. of ground chalk are then stirred into the mixture, which is allowed to cool and 
settle. The clear supernatant red liquor is then siphoned oft', and should register about 20° Tw 
Tijc residue, consisting chiefly of sulphate of lime, retains a considerable amount of the mordant' 
and sliould be washed with hot water. The washings form a weaker red liquor, or are used to 
dissolve a fresh batch. The red colour is imparted by mixiug with the clear liquor a small quantity 
ot a preparation of lichens. Other good recipes are : — u j 

90 gals, of acetate of lime liquor at 24° Tw. ; 

372 lb. of sulphate of alumina; 

34 lb. of chalk; 

the red liquor from which marks about 16° Tw. 

Or— 

1132 lb. of boiling water ; 

453 lb. of sulphate of alumina ; 

379 lb. of acetate of lead ; 
the liquor from which should stand at 18° Tw. 

Or — 

150 gals, of boiling water ; 

460 lb. of alum (potash alum ) ; 

460 lb. of acetate of lead ; 
giving a red liquor of 12° Tw. 
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The follovf ing gives a good Eesist Bed Liquor : — 

1 gal. water. 

5 lb. alum. 

2J lb. acetate of lead, 
i lb. soda crystals. 

Acetate of lead gives more certain results than acetate of lime, as it is usually more to be depended 
upon ill quality, the composition of the lime salt being so exceedingly variable. Ammonia alum 
is also an article of uncertain constitution, and should only be used when its real value can be 
ascertained by analysis. The sulphate of lime residue is more difficult to deal with than sulphate 
of lead, as it is much more bulky, and retains a greater proportion of the mordant, requiring there- 
fore more careful washing. All the materials used should be of the best quality, the presence of 
iron in the alum being especially hurtful. As far as possible all red liquors should be made for 
immediate consumption, as they deteriorate when kept. 

A very excellent mordant for alizarine colours is made on the Continent by dissolving precipitated 
alumina in glacial acetic acid. This method has been adopted occasionally in this country, but is 
exceedingly troublesome. Upon the whole, the crude pyroligneous is the best form of acetic acid 
for red liquor manufacture, as its very impurities help to give a certain stability to the compound 
by retarding oxidation. 

A good English red liquor will contain from 3 to 5 per cent, of alumina, and the amount of 
dry acetic acid should be equal to twice the weight of alumina. The constitution of the liquors, 
however, varies very much with the particular localities and circumstances. Alumina mordants 
are excessively sensitive, and care must be taken not to heat the cloth too strongly when drying, or 
else only variable shades of colour are produced. This is especially the case when the mordants 
are used in a dilute state. 

Acetate of alumina, always obtained in a liquid form, and standing from 12° to 20° Tw., is 
extensively used by calico-printers and, but in a less degree, by dyers, in fixing the colour upon 
the cloth. For some purposes — as in the printing of pale pinks — the solution is very much diluted, 
down even to 2° Tw. The mordants owe tliis property of fixing to their ready decomposition 
by heat, the acetic acid which they contain being liberated, and the base, with the colouring matter 
— for which as well as for the fibrous material it has a strong affinity — being deposited upon the 
cloth. As may be inferred from the name (mordre, Fr., to bite), the action of the mordant was 
formerly supposed to be simply mechanical, corroding and opening the fibre of the cloth, and allow- 
ing the permeation of the colouring principle. It will be readily appreciated that a mordant must 
be retained by only one portion of the cloth, the rest being left white or occupied by some other 
mordant or colour. At the same time, it must be used in the fluid state, so that the fibre may be 
thoroughly impregnated ; and it is tlierefore necessary to guard against a natural inclination of the 
liquid to spread beyond its proper limits, aided by the capillary attraction of the cloth. For this 
purpose what are called “ thickenings ” are used — gum, starch, flour, &c. — which overcome the 
natural inclination of the mordant and the attraction of the fibre, and also allow of the application 
of a larger amount of mordant than could be made if the latter were a thin liquid. These thicken- 
ings, which are mixed with all mordants in printing and dyeing, are only temporary in their use, 
and have to be removed before the colours are finished. 

The acetates of alumina do not act as well as cream of tartar and some other mordants in the 
treatment of woollen goods, owing to the very strong affinity existing between the base and the 
fibre of the material. The acetic acid is given off too rapidly, and the mordanting merely super- 
ficial. 

Alumina salts as mordants seem to have been known about 140 years, the first patent being 
taken out by Chappell, in 1742, for a mixture of alum, arsenic, chalk, white argol, and lead acetate. 
The manufacture is carried on extensively in the Lancashire and Yorkshire cotton and woollen 
districts ; also at Glasgow and at a few places in France. Altogether there are about fifty chemical 
manufacturers eiigaged in the trade in this country, but occasionally the calico-printer or dyer 
manufactures for his own consumption. The turn-out depends very much upon the varying 
strengths and qualities of the liquors required from time to time. In round numbers about 20 per 
cent, of the total alum manufactured in England is absorbed by the red liquor trade. The plant 
required is of the simplest and most inexpensive description, 

, .^nalysis of the acetates of alumina is but an unreliable test of their real value as mordants, the 
best guide being actual trial of any given sample upon cloth against mordants of already ascer- 
tained quality. 

Ammoxia,*S,oetate of, sometimes called Spirit of Minderus, is a colourless salt, obtained either 
by saturating strong acetic acid with dry ammonia, or by distilling a mixture of equal parts of 
lime acetate and sal-ammoniac— chloride of calcium remaining in the retort. It is used to some 
considerable extent in medicine as a sudorific in febrile and inflammatory diseases, singly or com- 
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bined with opium, camphor, &c, Berthollet has proposed to obtaiu a pure salt by evaporating the 
solution of the commercial article with excess of ammonia. After cooling in ammonia vapour, the 
salt is broken up and kept in a jar filled with ammonia. 

Copper, Acetates of — technically known as Verdigris. (Pr., \ ert-de-gris ; Gee., Griinspan.') 
There are two principal acetates of copper, common verdigris — ^a sub-acetate ‘‘ blue or “ green, 
obtained bv exposing to the air plates of copper in contact with the “ marc or refuse of grapes 
(i. e. the grapes after the juice has been expressed), and distilled verdigris, a neutral acetate, obtained 
by dissolving tlie common verdigris in hot acetic acid, and leaving the salt to crystallize out from 
the cjoled solution. On account of the variable quality of tlie common verdigris, the distdled is 
often also mannfactured from a mixture of sulpliate of copper and acetate of lead ; sulphate of lead 
remains an insolul>le precipitate, and the clear acetate of copper is filtered oft, concentrated by 
evaporation, and allowed to crystallize. 

The process for obtaining common verdigris is as follows : — The refuse from the wine-presses is 
thrown into casks, which are loosely covered over with matting to keep out dust and dirt. It will 
be readily understood that tbe less severe the previous pressing of the grapes the better for the subse- 
quent process. When placed in the casks the material should be disintegrated as much as possible, 
occupying at least double tlie space it did when compressed. Partial fermentation, with the generation 
of acetic acid, speeddy commences, and is allowed to go on for about four days, until a test sheet of 
copper, immersed in the mass for four-and-twenty hours, is covered with a green layer of acetate. In 
the meantime the sheets of copper to be operated upon have been subjected to a careful hand 
hammering to ensure perfect consolidation, cut into pieces about 8 in. long, 4 in. broad and ~th of 
an inch thick, then immersed in a strong solution of verdigris and stacked up to dry, or, to save 
time, dried quickly over a charcoal fire. When it has been ascertain! d by the test sheet that 
acetous fermentation in the casks has gone far enough, the small sheets of copper are heated to 
about 93° (200° F.) and sandwiched witli the grape refuse, taking care to have a layer of the fer- 
menting material both at the top and at the bottom of the cask. After a varying period of from 
twelve to twenty days the coverings arc removed, and if the uppermost layer of material lias become 
white it is judged that the operation is complete. The casks are then emptied, the grape refuse thrown 
away, and the sheets of copper, which should now be evenly covered with fine green crystals, set 
up to dry. After the lapse of about three days they are dipped in water (or, preferably, damaged 
wine, whence the trade terms of “one wine,” “two wine,” &c.), again set up to dry, and the 
verdigris formed scraped off with a knife. This process of dipping, drying, and removing the 
verdigris occupies about eight days, and is repeated until the whole of tbe copper is con- 
verted into verdigris. The damp salt when scraped off is kneaded with a little water, packed 
into leather bags (about 18 in. long by 10 in. in diameter, containing about 2.5 lb. weight), and 
exposed to the sun. When thoroughly dry it becomes a hard, tough mass, and is ready for the 
market. 

This process was formerly almost entirely carried on in France and Belgium, especially in the 
first-named country, upon the vine-farms, where it forms part of the regular domestic routine. Now, 
however, considerable quantities of verdigris are made in England, Germany, and Sweden, where 
cloths steeped in pyroligneous acid, and the eider refuse, are the mat( rials chiefly employed in the 
corrosion of the sheets of copper. The cloths require to be damped afresh every three or four days 
until the plates are covered with their even layer of crystals. 

The distilled verdigris, obtained, as has been said, by crystallization from a hot solution of the 
common verdigris, or from a mixture of sulphate of copper and ai-etate of lead, forms dark-green 
crystals soluble in 14 parts of cold or 5 parts of hot water, and also in alcohol. It is extensively 
used in tbe manufacture of aromatic vinegar, as the souice from which the acetic acid is obtained. 
This process of distillation has been already described. It is also used as a mordant, but is feeble 
in its action. 

All the acetates of copper form valuable pigments; they are used in dyeing and calico-printing 
as “ resists,” (i. e. to prevent the indigo imparting a permanently blue colour to the cloth), and in 
various medicinal preparations. It should be noted that they are exceedingly poisonous. Commercial 
verdigris should not contain more than 4 per cent, of impurity— chiefly insoluble matter. It m, 
however, often adulterated with chalk or sulphate of copper. The amount of insoluble matter can 
be roughly estimated by the gritty feeling when the salt is moistened and rubbi d in the hand. 
Brightness of colour is a rough test of quality. Tbe presence of chalk may be readily detected by 
pouring a little hydrochloric acid over a sample of the salt. If clialk be present, effervesience* 
will take place ; — if pure, the verdigris will dissolve quietly in the acid. The solution may be 
filtered oft from the insoluble impurities, and chloride of barium added. If snlph^ of copper be 
present, the white, heavy precipitate of barium sulphate will immediately form. The impurities 
from the solution in hydrochloric acid, washed, dried, and weighed, should not exceed, at the 
outside, 5 per cent, of the weight of the original sample. 
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A good sample of verdigris will test as follows : — 


Oxide of copper .. .. 43'50 

Anhydrous acetic acid .. .. 29'30 

Water 25-20 

Impurities 2-00 


100-00 


An ad valorem, duty of 10 per cent, was until 1853 imposed upon the importation of verdigris. 
Since that time the trade has been free. 

CopPEK, Aceto-Absenite of. — By mixing 5 parts of verdigris with a hot solution of 5 parts of 
arsenious acid in 50 parts of boiling water, a fine green precipitate of aceto-arsenite of copper is 
obtained, insoluble in water. The addition of a little acetic acid is often necessary to prevent the 
fonnation of arsenite of copper, known by its yellowish-green colour. Aceto-arsenite is used to a 
considerable extent as a pigment, under the names of “ Imperial ” and “ Mitis ” green. When it is 
mixed wiih a little gypsum, or heavy spar, the pigment known as “Mountain ” green is obtained. 

Iron, Acetates of. — Under the name of “ black ” and “ iron liquor,” two of these salts are 
largely manufactured, the acetate of the protoxide and the acetate of the sesquioxide or peroxide. 
Upon concentration, the former crystallizes in small greenish white needles, very soluble in water. 
Both solution and crystals rapidly absorb oxygen when exposed to the air. The sesquiacetate is a 
dark red uncrystallizable liquid, of powerful astringent taste. 

Two metliods are employed for the production of the ferrous acetate, or “ black liquor.” That 
usually adopted on a large scale is as follows. Iron turnings, or indeed any refuse scrap iron, are 
digested with crude pyroligneous acid of a specific gravity of about 1-035, preferably at a 
temperature of 66°, but occasionally in the cold. The mixture is frequently stirred to separate 
as far as possible the tarry matter, which floats on the surface and is skimmed off. The 
metal rapidly dissolves in the acid forming the acetate of the protoxide. When a sample of the 
solution upon cooling registers a speciflo gravity of about 1-09 (18° Tw.), the whole is allowed to 
stand, the impurities are carefully skhnmed off, and the liquor is ready for use. A certain quantity 
of hydrogen which is set free, and the tarry products, prevent, or at least retard, oxidation into the 
persalt. Owing to this tendency to absorb oxygen, the process should be carried out as rapidly as 
possible — therefore with the aid of heat — and if the solution has to bo kept for any considerable 
length of time some metallic iron must be allowed to remain in contact with it. 

A second method of preparation is by a double decomposition between acetate of lime and 
sulphate of iron. The copperas is dissolved in hot water, and added to acetate of lime liquor in the 
proportion of about five to one. Perfect decomposition is unnecessary, as a small proportion of 
undecomposed copperas does not injure the liquor. This method of manufacture is more expensive 
than that already described, and is usually only resorted to in times of pressure. A very pure 
liquor is made in some of the continental works by decomposing carbonate of iron by acetate of 
lead, acetate of iron remaining in solution. 

The persalt is obtained by decomposing a solution of sulphate of iion — the ferric sulphate — 
by a solution of acetate of lime. The mixture is well agitated, sulphate of lime precipitates, 
and the ferric acetate remains in solution. It has a peculiar deep red colour, and usually stands, 
about 25^ Tw. 

The acetates of iron are largely used by calico-printers and dyers as mordants; the protosalt 
chiefly by the latter, the persalt by the former. A very common mordant, “ pyrolignite,” {liqueur 
de ferraile, bouillon no/r), for black dyes, consists of a mixture of the salts, the ferrous acetate 
being first prepared and partial oxidation allowed. The ferrous salt produces blacks and aU shades 
of purples and lilacs, also chocolate with acetate of alumina (red liquor). It is one of the most 
powerful of mordants, readily yielding up its acetic acid, and possessing great atfinity for both 
fibre and colouring matter. The persalts are not such powerful mordants, but give a more uniform 
colour to a large surface from the impossibility of further oxidation during manipulation. Hence 
their use in preparing grounds where a large body of uniform colour is essential. Pyrolignite of 
iron is largely employed in the preservation of timber. 

The manufacture of iron liquors is an important industry in Lancashire. Elsewhere they are 
only made for local consumption. The continental liquors are obtained in a more concen- 
trated form, about three times as strong as the home manufacture. They are, however, of very 
fine quality. The only practical method of testing iron liquors is to try them on cloth against 
samples of an already known quality. 

Iron mord®ts are probably of ancient use. The first English patent was taken out in 1780 by 
Flight, who proposed to steep iron in “ water drawn from tar or tar oil,” and to mix the liquor with 
starch of gum. In 1782, Boothman patented the steeping of iron filings, &c., in water mixed witli 
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some such fermentable vegetable matter as barley, wheat, or bran. This was practically the Indian 


method of yet earlier times. 

An ordinary iron liquor will test as follows ; — 

Oxide of iron, calculate d as protoxide 6 '30 

Acetic acid 7 "20 

Sulphuric acid . . 0-80 

Tarry matter 2 -30 

Water 83-10 


100-00 


Liquors made from acetate of lime and sulphate of iron usually contain an appreciable quantity 
of sulphate of lime. 

Lead, Acetates of. — The most important of this series of salts is the neutral acetate, tech- 
nically termed “sugar of lead” from its sweet, but at the same time astringent, taste. It is also 
called salt of Saturn (Fa. Sucre^ or &ely de Saturne ; Geu. Bieizucher'), When carefully prepared, 
sugar of lead forms coloiurU sa, transparent, prismatic needles belonging to the monoclinic system, 
extremely light, though with lead as the base. The commercial article, however, is usually a con- 
fused mass of irregular crystals somewhat resembling loaf sugar, but of a yellowish colour if the 
acetic acid used has not been pure. The crystals are soluble in rather more than their own 
weight of cold, and -75 parts of hot water; also in 8 parts of alcohol. At ordinary tempera- 
tures a very slight efflorescence takes place. Melted at a gentle heat, the water of crystallization 
is driven off, and an anhydrous acetate obtained. Beyond 100- (212'^ F.) the anhydrous salt is 
decomposed, losing acetic acid and being converted into a sub-salt. Distilled at a high tempera- 
ture, acetic acid, carbonic acid, and acetone are given otf, and finely divided metallic lead left in 
the retort. Great care should be taken in dealing wittx all preparations of this salt, as it is^ 
extremely poisonous. A good acetate should be completely soluble in water, and when the lead is 
exactly precipitated by dilute sulphuric acid, the clear supernatant liquid should be wholly 
volatilizable by heat. The aqueous solution is p irtly decomposed by the carbonic acid of the air, 
c.irbnnate of lead being formed and a portion of acetic acid being given off. 

There are three qualities of sugar of lead known in commerce, white, grey, and brown. The 
white, or purest, salt is the most esteemed, inasmuch as the chief use of the compound is to prepare 
other acetates, and it is therefore especially valuable for the acetic acid which it contains ,- when 
used as a mordant, however — for the sake of the base — the brown salt is the most economical, as 
it contains a larger amount of lead than an equal weight of white. 

The process for the manufacture of the white salt upon a large scale is as follows : — A charge of 
best litharge is added to acetic acid — usually good “ second ” acid — in a copper pan about 6 ft. long, 

4 ft. wide, and 1 ft. deep, with, preferably, a strip of lead soldered upon the bottom to prevent the 
acid acting upon the copper. The best proportions are 325 parts of litharge to 575 parts of acid, 
and the mixture should not be more than 5 inches deep. The pan is heated by a small coal firo 
placed underneath iu the ordinary w-ay, and — a precaution to be observed in ail the processes — the ‘ 
mouth of the fireplace, and the 
tire-hole, should be situated outside 
tlie building, the pan being set 
against the wall. The phin is 
shown in Fig 29. 

By this means a more per- 
fect cleanliness is secured. The 
litliarge is added gradually to the 
acid in the pan, and tlie mixture 
vigorously stirred up from the 
bottom during the addition and 
until the whole is thoroughly 
dissolved; an operation usually 
occupying about lialf an iiour. 

The mixture must be tested from 
time to time to see that it is still acid, as the formation of any basic salt interfeies with thg . 
after crptallization. As soon as a thorough solution is effected, the pan is filled up with water 
to within a couple of inches of the top— that is to say, the quantity of water added is equal in 
bulk to the solution itself. By this dilution the impurities are separated *t, rise to the 
surface, and are skimmed off. The liquor is then thoroughly boiled and a judicious amount 
of the crystals from tiie mother liquor of previous crystallizations is dissolved in it* After 
cooling and settling, the clear liquor Ls siphoned off to a similar pan placed alongside, and set in tlie 
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same fashion. The first “mixing” pan is carefully cleaned out, and a fresh hatch of litharge 
dissolved. The liquor in the second pan is evaporated to about 1‘50 density, samples being taken 
from time to time and set aside to cool in small shallow dishes, that it may be judged from the way 
in which they set if a proper degree of concentration has been reached. As soon as one of these 
samples upon cooling forms a compact mass of crystals, the liquor is siphoned off into shallow 
copper crystallizing pans about 3 ft. long, 2 ft. wide, and 4 inches deep, with bevelled sides. In 
these compact masses of crystals are formed. They are then taken into the drying room and 
emptied, the blocks of crystals being set up on end along a sloping bench (conveniently formed 
of two balks of timber set longitudinally) with a spout below to cairy off the drainings, or 
“ mothers,” to a cistern sunk in the floor at the end of the bench. Only a gentle heat, about 32° 
(90° F.) from a fireplace outside the house, should be maintained in the drying room, as sugar 
of lead is somewhat dangerous ; dry wood, linen, matting, and other fibrous materials impregnated 
with the salt being liable to take fire very readily. When drained and dry the crystals are 
removed into the packing room, which should be maintained at about the same temperature os the 
drying room. Here they are carefully scraped, broken up into fragments, and casked ready for 
the market. When of good quality the fragments consist of masses of beautifully white, small 
cryshils, exceedingly light. If large crystals are required they have to be specially “ grown.” The 
scrapings from these first crystals in the packing room are added to the litharge solution in the 
mixing pan and worked over again. 

Tlie drainings from the blocks of crystals in the drying house are transferred to a pan similar in 
description to the mixing pan. Here a little acetic acid is added, the liquors are diluted with 
water to twice their bulk, the impurities that rise to the surface being skimmed off, and are boiled 
down to crystallizing point. After cooling and thoroughly settling, the clear liquid is siphoned off 
to shallow pans of copper, and “ set ” and dried in precisely similar manner to the first liquors. 
The blocks are broken up when removed from the draining bench, and worked over again by careful 
introduction into the litharge solution. These second crystals are sometimes called “ numbers,” and 
the pan in which they are diluted and evaporated, the “ number pan.” 

All the residues — the settlings — from both the first and mother liquor processes are transferred to 
some suitable vessel and thoroughly washed with boiling water, the washings being added to the 
liquors in the mixing pan. The final residue may be dried in a retort and smelted for the lead it 
contiins. 

When the mother liquors get too impure to be crystallized in the manner described — when the 
blocks produced begin to come dirty — a pan of grey acetate is made. The liquors are transferred 
to one of the “ number” pans, and worked up in somewhat similar fashion to the “numbers” 
themselves. The crystals, however, which are so impure as to possess hardly any crystalline 
appearance, are not added to the “ white ” process at any stage, but are kept strictly by themselves, 
and when broken up are sold as impure sugar — or “grey ” — from the dull grey appearance of the 
fragments. 

In the manufacture of white sugar of lead upon a large scale, it is found in practice that 1 ton 
jof ordinarily pure litharge yields 31 cwt. of best acetate. Instead of being worked up in the 
manner described, the spent liquors may be treated with carbonate of soda or lime, carbonate of 
lead and supernatant acetate of soda being obtained. Stoneware or glass crystallizing vessels may 
be used instead of copper, but the loss from breakage is considerable. 

In some places in Germany a remarkably good white sugar is manufactured from spirits of 
wine, crystals of a very large size and beautiful transparency being obtained. The process is, of 
course, too costly to be carried on to any great extent, and only where there are exceptional 
facilities for producing the spirits of wine. 

The process for making brown sugar of lend differs but little from that employed to produco 
white, except in the matters of plant and choice of materials. Distilled pyroligneous acid is satu- 
rated with litharge in a large tub, and the thick solution, after being thoroughly stirred up, is 
allowed to settle, and is then siphoned or run off into an iron pan 6 ft. long, 4 ft. wide, and 12 or 
14 in. deep. Here it is boiled and diluted with a large amount of water, the impurities being 
skiauned off as they rise. The water must be added until the liquors have only a very slight colora- 
tion. They are then evaporated to crystallizing point, and run off into wrought-iron pans about 
4 ft. long, 3 ft. wide, and 6 in. deep. When “set,” the pans are turned over, the masses of crystals 
drained, dried, and broken up for market. A better article is made if the liquors are brought to 
th^ boiting point, and settled, before transference to the diluting and evaporating pan; — which 
may conveniently be hemispherical, and of sulHfient capacity to hold 500 gallons. 

Besides the pmeesses described, acetate of lead, of exceedingly fine quality, may be obtained by 
exposing sheet lead to the action of air and acetic acid vapour in a closed chamber. A mixture of 
carbonate,and acetate is formed upon the sheets, which is scraped off and dissolved in an excess 
of acetic acid. The solution is evaporated until a density of 2 '30 is attained, and allowed to cool, 
when acetate of lead crystallizes out in truncated and flattened prisms of the description shown in 
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Fig. 30. If means be taken to secure rapid cooling, the crystals take the form of fine needles, 
separating out in clusters. Several patents have been taken out with a view to extend the 
principle of presenting the lead to the acetic acid in a state of -vapour, but the process is 
expensive, and though producing a very fine article, cannot compete with the 
white sugar made in the usual way. 

Sugar of lead is used by dyers and eilico-printers ; also in certain medicinal 
preparations, for its sedative and astringent qualities, and in the manufacture of 
the sulphide of lead used by makers of indiarubber goods. Its solution forms, 
with caustic potash or soda, a white precipitate, which is soluble in an excess 
of alkali. About 2000 tons per annum are produced in this country, the process 
being chiefly carried on in South Wales and London. 

Besides the neutral acetate, lead forms certain sub-salts or basic acetates, which deserve atten- 
tion. These are obtained for the most part by dissolving powdered litharge in hot solutions of 
sugar of lead, as much as six times the normal quantity of base being taken up. They are used to 
some considerable extent as mordants in dyeing and printing, and as a “ resist ” for china blues. 
Considerable difficulty, however, is experienced in thickening them. The diacetate, crystallizing 
in long needles from a solution of 6 parts of sugar of lead and 7 of litharge in 30 parts of boiling 
water, is used in the manufacture of white-lead. The Goulard water of pharmacy, “ Acetum 
Satumi,” is an aqueous solution of various basic acetates, chiefly the tribasic salt — a white powder 
obtained by dissolving 3 parts of the diacetate and 1 of litharge in 9 parts of hot water. The 
manufacture of these basic acetates is carried on only to a limited extent. 

Ordinarily good commercial acetates of lead should give the following results upon analysis : — 


tVliite. Brown. 

Acetic acid 27 ' 6 21 • 8 

Oxide of lend 58 A 59-9 

Water H-0 15-5 

Carbonate of lead and insoluble matter .... — 2 '8 


100-0 100-0 


They may be tested by precipitating the lead as sulphide by a current of sulphuretted hydrogen, 
exactly neutralizing the acetic acid, which is liberated, by a standard alkaline solution, and 
calculating the result after the method described in treating of acetic acid. 

Lime, Acetate op.— This salt, in its pure solid state, forms silky needle-shaped crystals with a 
bitter taste, which effloresce in the air, and are soluble in water and alcohol. Decomposed by 
the action of heat, acetone and carbonate of lime are formed. It is obtained by dissolving chalk in 
acetic acid until there is a slight excess of lime. The commercial article is of two descriptions, 
grey or white, sometimes called “ distilled,” and brown. Acetate of lime liquor is largely used in 
the manufacture of red liquors, having some such constitution as the following .-— 


Acetic acid 9-50 

Lime 5-20 

Cloride of cidcium 0-50 

Chloride of sodium 3 22 

Tarry matter 3-83 

Water 77.75 


100-00 


Upon a large scale the manufacture of lime acetates is carried on as a continuous process with 
that of the production of crude or pyroligneous acid, and the reader must therefore refer to that point 
in the description of wood-distillation, where the acid liquors, consisting of water, pyroligneous acid, 
naphtha, and various resinous and tarry matters, are run off from the tar-settlers and pumped either 
into the “ neutralizer ” or into stills. By the former process, when the lime is added to the whole 
body of acid liquors, brown acetate is produced ; by the latter, grey. Taking the brown acetate 
process first, roughly powdered chalk, sometimes milk of lime, is added to the liquors in the 
neutralizer until by the litmus test there is a very slight excess. The mixture is well stiyed fiom 
time to time, and the light tarry substances which rise as a scum to the surface skimmed off. After 
being allowed to settle for a short time the liquors are run or siphoned off into a still or boiler. 
Heat is applied from a fire placed directly underneath, or from a coil of steam%iping within the 
still, and the naphtha compounds and bulk of the water are driven off. Convenient forms of this 
apparatus are shown in Figs. 31 and 32. In Fig. 31 A is a copper still in the form of a boiler B 
the fireplace, C the exit pipe for the naphtha. When the latter ceases to come over the acet’ate 




ACETIC ACID. 


of lime liquor left iu the still is run into an evaporating pan, and heat again applied from a fire 
below the pan or by a coil of steam-pipes in the liquor. Here it is kept gently simmering, and 
once more are the tarry imparities skimmed off as they rise. After a while the acetate crystallizes 
out from the concentrated liquor and forms a thin coat- 
ing, which is taken off and put into baskets or any 
convenient form of drainer set on ninners over the liquor. 

When drained it is carried up into the drying house, f ly 

usually built on the top of the ovens. Two forms of 
evaporating pan are shown in Figs. 33 and 34. The 
first is the best, as the salt raked up upon the shelving 
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end of the pan thown in Fig. 3t is apt to burn, and the drainings are returned to the 
pan cold. In some works the acetate liquor, instead of being allowed to crystallize out iu 
the manner described, is boiled down to dryness in a pot of the form shown in Fig. 35. In 
this way, only an inferior article is obtained, but by evaporating to dryness in a shallow sheet- 
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iron pan, similar to that shown in Fig. 33, and by carefully <=j ^ p 

supervising the operation, a very fine acetate may t>e obtained ; ^ 5 _i , 

indeed, given tlie necessary experience and care, this is the best 
method of finishing. 

The acetate is spread upon tlio floor of the drying house in J 

a layer from 2 to 3 in. thick, and must be carefully turned from ^ 

time to time. The chief enil of drying being to bum off gently § 

and uniformly the carbonaceous and oleaginous substances coii. 
tained in the salt, its raaiiipulatiou in the drying house requires 
considerable care, skill, and attention. If spread in too thi 'k a 

layer, or if not completely and carefully turned, these impurities are rctiino.l and the salt it-elf is 
decomposed. A good brown acetate is composed of light honeycombed fragments streaked here and 
fliS-e wfth charcoal, and with a pleasant, fresii smell. It should contain 70 per cent, of real acetate. 

The naphtha — usually called “miscible'’ — coming over from tlie lime liquoi-s, is at fir^t very 
dilute. It is rurifrom the first receiver into a cast-iron still heated by a fire underneath, condensed 
in a copper worm, and by three subsequent distillations in copper stills, jacketed, or with a steam- 
coil inside, is “ worked up,” as it is technically termed, to 60° over proof. The direct application ff 
heat from a fire under the stills is dangerous, tlioiigh this plan is often adopted. Distillation by 
steam is to be preferred. If a jacketed still be used, the jacket should be well up to the shoulder. 


o 
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A good stiU of this descriptioo, made by Messrs. Robert Daglisb and Oo. ^ 

in Fig. 36. Occasionally “plate” or whicAy stills are used. Further details concerning th 

naphtha processes will be given under “ Pyroxylic bpirit. , * , . x.. coulcra are 

To obtain grey or white acetate of lime, the acid liquors after leaving the tar-settlers are 

pumped into a series of copper stills, heated pre- 2 g_ 

ferably by a steam-coil inside. Here at a gentle 
heat the naphtha is first expelled. The acetic 
acid next distils over, is condensed, and run into 
a tank to settle. The tarry and oleaginous de- 
posit in the stills is drawn oflT through a stop- 
cock at the bottom. From the receiving tank the 
clear, or fairly cleared, acetic acid is run off or 
pumped up into the neutralizer and mixed with 
a slight excess of lime. The subsequent pro- 
cesses are precisely similar to those employed 
in the production of brown acetate, except that 
great care is taken to ensure purity, and a spe- 
cially heated drying house is often provided, the 
floor of the house being heated by circular flues 
from an independent fireplace. By this means 
the temperature is more accurately regulated than 
when only the waste heat fiom the ovens is uti- 
lized. The naphtha from the grey acetate process 
is concentrated and purified by re-dislilUtion in 

copper stills in a manner similar to that already described' l>ut is only worked up to about 45°, or such 
a strength as will readily dissolve resins and gums. It is called “ solvent,” in contradistinction to the 
“ miscible ” wood naphtha, obtained as a bye-product in the brown acetate process. A very pure 
“ white ” acetate may be made by dissolving the salt from the drying floors in hot water, filtering 
the solution through animal charcoal, and evaporating the solution to dryness. Good grey acetate 
should contain 85 per cent, of real acetate. 

The manufacture and sale of grey acetate has of late years considerably diminished, owing to 
the price, which averages about 30 per cent, more than brown. Inasmuch as the article at its best 
only contains 15 per cent, more teal acetate, it is difficult to understand the very high price put 
upon it. There seems to be no reason why a good grey acetate should not be manufactured and 
sold at 121. 10s. to 131. per ton, in bags, free on rails, to yield a very fair profit. 

The acetates of lime are used as mordants by printers and dyers ; for the production of other 
compounds, such as acetates of soda, iron, alumina, and manganese ; as a source of acetic acid 
by istillation with an acid, and in the manufacture of vinegar. They may be tested by dissolving 
in water and precipitating the lime by a slight excess of sulphate of soda, adding alcohol to prevent 
solution of the sulphate of lime fornied. After filtration, the precipitate must be washed with a 
little dilute alcohol, and the lime determined from the sulphate. To estimate the acetic acid, the 
filtrate is evaporated to dryness, and calcined at a red heat to convert the acetate into carbonate of 
soda, the amount of which is ascertained by the alkalimeter, and the quantity of acetic acid calcu- 
lated from it by reference to the combining proportions. 

The advisability of securing more outlets than one or tw'o for the products of wood distillation 
has already been noticed, the extra plant required for the production of a certain amount of grey 
as well as brown acetate, and for distillation with sulphuric or hydrochloric acid, being of com- 
paratively slight cost. It is worthy of mention that a very good grey acetate and solvent naphtha 
may be obtained by distilling the tar liquors— the bottoms of the tar-settlers. 

A considerable number of makers are engaged in the trade in South Wales, Gloucestershire^ 
Lancashire, and Somersetshire. It is also becoming an important industry in the United States, 
where there are peculiar advantages for wood-distillation, but as yet the home article in the New 
York market fetches a lower price than the best English brands. The present value of ^ood 
70 per cent, brown acetate is about 11/. per ton in bags at the works; of grey, 15'. per ton. A 
considerable quantity is exported from this country. 

Manganese, Acetate op, may be obtained in a pure state by crystallization from a strong 
solution of carbonate of manganese (diagolite) in, acetic acid. The crystals are stable ih tbs' air 
at ordinary temperatiues, soluble in three times their weight of cold water, and in alcohol. Upon a 
large scale the salt is prepared by mixing solutions of sulphate of manganese qftd acetate of lime 
or lead ; sulphate of lime or lead precipitates, and, after settling, the clear acetate of manganese in 
solution is drawn off. The reaction is by no means a strong one, and the mixture mu^t, therefore, 
be well agitated to ensure decomposition of the manganese salt. The use of acetate of lead is to 
be preferred, although the process is more costly than when a lime salt is employed. The best 
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proportions are 4 parts of sulphate of manganese, of water, and 7 of good brown acetate of lead. 
The crystals should be in the form of pale rose-coloured splinters or small prisms. 

Acetate of manganese is used as a substitute for bronze liquor (muriate of manganese) by dyers 
and calico-printers. The latter is the cheaper article, but the acetate is to be preferred, as it does 
not contain the same excess of free acid, whereby the cloth is injured. From these salts the colour 
known as “ manganese brown ” is obtained by impregnating the cloth with them and passing in 
lime or soda ash. Oxide of manganese (the protoxide) is precipitated upon the cloth and subjected 
to the oxidizing agency of the air, or, usually, the cloth is passed through a bath of chloride of 
lime. The manufacture is only carried on to a limited extent in Lancashire and other calico- 
printing and dyeing districts. Acetate of manganese is also used in medicine. 

Mebooey, Acetate of. — This salt can be produced in a pure state by dissolving the red oxide 
* of mercury in pure acetic acid. It crystallizes out from the solution in delicate pearly scales. 
Usually, however, it is made by mixing acetate of soda and a solution of the bi-chloride of mercury. 

Acetate of Mercury is a product of but slight importance. It is used by calico-printers and 
dyers, and in various pharmaceutical preparations. 

PoTASsnni, Acetates op. — Only slight reference need be made to this series of salts. The 
neutral acetate exists in tlie juices of many plants, and forma the carbonate of potassium found in 
the ash of calcined wood, the acetic acid being replaced by carbonic acid. It may be prepared by 
dissolving carbonate of potassium in acetic acid, or brown vinegar. If the latter is used the car- 
bonate must be added slowly, and every portion of the mixture kept carefully acid to avoid the 
formation of coloured products by the action of the alkali upon the organic bodies contained in the 
vinegar. The salt forms white foliated crystals, which are very deliquescent and soluble in small 
quantities of water. They are also soluble in alcohol, but less readily. At a red heat they are 
decomposed into acetone and various hydrocarbons and empyreumatic products. The neutral salt 
is employed in medicine as a diuretic, and to some slight degree in printing. 

Potassium diacetate may be conveniently formed by dissolving the neutral salt in an excess of 
acetic acid, and evaporating the solution to dryness. Fine needle-shaped crystals of diacetate 
separate out as the evaporation proceeds. 

Sodium, Acetate of (Fb. Terre foliee minerale ; Ger. Essigsaure natron^ — This salt, one of the 
most important of the acetates, forma small oblique rhombic prisms, soluble in parts of cold, 
and 1| parts of hot water ; also in alcohol, in various proportions depending upon the strength 
of the solvent. In its crystalline form it contains 3 atoms of water, which it loses when exposed 
in dry air. A liquid supersaturated solution may be formed by melting the crystals, and allowing 
the salt to deliquesce. In this way they take up seven atoms of water, the solution immediately 
crystallizing upon agitation with a small piece of the dry acetate. Gerai-din has made some curious 
experiments touching the solubility of this salt in alcohol; with a solvent of 0-9901, and at the 
• ordinary temperature of the air, 38 parts of the acetate are dissolv-ed, but the alcohol loses its 
potency very rapidly upon concentration. 

Acetate of soda may be obtained in a pure state by crystallization from an evaporated and 
ffooled solution of carbonate of soda in pure acetic acid ; or, of slightly worse quality, from a saturated 
solution of the alkali in “ second” acid — that obtained from the distillation of acetate of lime with 
Bulpburic or hydrochloric acid. On a large scale a good commercial acetate is produced in the 
following manner Grey acetate of lime is dissolved in water until the solution stands at 1 -15 to 
1-2 specific gravity. It is then filtered and run into a shallow sheet-iron vessel about 6 ft. long, 
4 ft. wide, and 2 ft. deep. Here ground or roughly powdered sulphate of soda is slowly added, the 
mixture being kept well stirred up, until the whole of the lime separates in the form of sulphate. 
The proportions usually employed are 4 parts of sulphate of soda to 1 part of acetate of lime. The 
mixture should be carefully tested from time to time to ascertain if the whole of the lime has been 
precipitated. The addition of a little sulphate solution to a sample of the liquor will readily show 
when this point has been reached. When the precipitation is complete the sulphate of lime is 
allowed to settle down, and the clear supernatant acetate of soda liquor is siphoned off to the evapo- 
rati)^ pans, which are of similar description to the mixing pan, heated by a fiie beneath. The 
residue which- consists of sulphate of lime and various insoluble matters, is thoroughly washed 
with hot water that no acetate of soda may be wasted, the first washings being added to the liquor in 
the evaporating pan, and the weaker run ofli to aid in the dissolution of a fresh batch of grey acetate. 
Sbisetin^s the liquors are evaporated in cast iron pots, 6 ft. in diameter and 3J ft. deep, instead of 
sheet-iron pans. Here they are boiled down till a density of 1 -30 is attained. During concentra- 
tion whatever ovegM of sulphate of soda has been used crystallizes out and is scraped off and 
thrown into drainers, usually wicker baskets, placed on rods laid across the pan or pot, so that all 
the acetate of soda liquor may readily find its way back to the main body of solution. All impuri- 
ties that rise to the surface during concentration are also carefully skimmed otf. After being 
allowed to settle thoroughly, an operation usually requiring about nine hours, the clear liquor is run 
or siphoned oif to small copper crystallizing pans, when it is allowed three or four days to set. The 
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crystals* are then emptied out, drained, and the mother liquor run into the evaporating pan again, 

where it ia boiled down to 1-30 and again allowed to cryetalhze. 

The mothers are treated in this way till they yield no further crystals, or only show a slight 
tendency to crystallize. Thev are then evaporated and calcined, and whatever acetate of soda is 
left is dissolved out by hot water and transferred to the evaporating pans. The successive crops of 
crystals obti.ineil are sometimes re-dissolved in water, re-evaporated to a density of 1'50, pniified 
by skimming, and re-crystallized before torrefimtion. Moie usually, however, they are at oni^ 
transferred to a cast-iron pot heated by a fire underneath and fused at a temperature of about 200°. 

All the water of crystallization is diiven off, and the liquid froths up in a thick oily mass and 
gradually subsides. It is then ladled out upon iron plates, to cool and harden. The filing of the 
fusing pot must be very carefully regulated— the temperature kept between 200° and 232° (395° , 
aud 450° F.). If white fumes come off, it is a sign that the acetate is undergoing decomposition, 
and the fire must be immediately slackened. When set into a hard, compact mass, the fused acetate 
is br< ken up into small fragments, dissolved in not too much hot water (one and a half to two 
times its own weight), and evapoiated to a density of I'SO. After being allowed to settle for a 
slort time, the solution is draiin off to shallow crysfedlizing pans of copper or wood lined with lead. 
After a lapse of three or four days the crystals are removed, washed, allowed to drain, and set on 
shelves to dry. They are then fit f.-r packing. The mother liquor and the wasliings are run 
off' to the evaporating pan to he woiked over again. If the final crystals are in any way coloured, 
thev are usually re-dissolved and treated as the first crystals from the crude liquor. It should 
be noted that precautions should be used iu fusing fhe acetate to prevent it coming in contact with 
the fire, as it is capable of burning like tinder. 

By tliis piocess, with various modifications, the bulk of the acetate of soda of commerce is 
pruduov d. Distilled pyi-uligneous acid is sometimes employed instead of a solution of grey acetate 
of lime, and tlie methods of dissolving and filtering are various. Very fine crystals may be obtained 
by evaporating the solution of rough acetate in cylindiical vessels, made of wood lined with lead, 
by the agency of steam circulaling in a coil of lead pipiug. By a slow crystallization, surrounding 
the pans with some noii-eonductiiig mateiial, &c., larger crystals are obtained tlianby allowing the 
natural aud more rapid setting. Filtration through animal charcoal, moistened with liydioehlorio acid, 
is occatioiially resorted to as a means of puiifyiiig the liquors in substitution for fhe process desciibed. 

Olio ton of grey acetate 82 per cent, should yield 21 cwt. of good acetate of soda. The most 
common impurities that aie contraetid in the grey acetate process are sulphate of soda, chloride of 
sodium, and acetate of lime. To prevent the appearance of the last-named salt, it must be most 
carefully noted that perfect precipitation of the whole of tlie lime is effected by admixture with the 
sulphate of soda. As is the case throughout all the piocosses for the production of acetic acid and 
the acetates— more peihaps than in other branches of chemical industry, because the materials 
operated upou are unusually vaiiable in constitution— careful and unceasing supervision by an 
experienced eye and hand can alone ensure a gcod result. 

The presence of sulphate of soda may be readily detected by dissolving the acetate in watey, 
acidifying with hydrochloric acid aud adding a few drops of chloride of barium : the heavy preci- 
pitate of barium sulphate separating out if the impurity is present. Chloride of sodium, proceeding 
from the use iu excess of au imperfectly worked sulphate of soda, can be detected by acidifying a 
solution of the acetate in water witli a little nitric acid, waj ming the solution and adding a drop or 
two of nitrate of silver. The presence of the chloride is shown by a white precipitate. 

Acetate of soda is used chitfly in the production of the best qualities of acetic acid, by distil- 
lation with sulphuric acid in the manner already desciibed ; to some slight extent in the preparation 
of mordants, and in the preservation of animal and vegetable substances. One of its chief virtues as 
a presei vative is that substances treated with it can be readily restored before use to their original 
appearance or consistency. The plan usually adopted is as follows ; — The flesh to be preserved is 
sandwiched with powdered acetate of soda in a cask, in the proportions of about one part of the salt 
to four of flesh. AViihout being changed iu constitution, the acetate abstracts the moisture from the 
flesh, and when the latter is withdrawn, may be used over again. To ensure the success of the 
process the temperature should not be below about 15° (60° F.), so that in winter the casks “in 
pickle ” must be kept in a warmed room. The operation usually takes a couple of days, at the end 
of whicli time the flesh is dried in the air and packed. A little powdered sal-ammoniac is sprinkled 
over the meat, or fish, before cooking, and it is tlien thoroughly steeped in tepid water. ‘Thd^sal- 
ammouiac decomposes the acetate of soda, forming common salt (chloride of sodium) and acetate of 
ammonia, and the flesh resumes its normal appeaiance. Vegetables may be pre^ved iu acetate of 
soda “ pickle ” — a liquor formed by dissolving the salt in three parts of water — in somewhat similar 
fasliion. ^ 

The demand for acetate of soda has diminished of late years owing to the increased use of lime 
acetate as a source of acetic acid. There are now only about eight manufacturers in this country 
who are keeping their plant at work, the chief seat of the trade being South Wales. 

€ C 


c 


c 



AESENIOUS ACID. 


39 


Stannous Acetate. — Acetate of the protoxide of tin is an unstable salt, crystallizing out in 
colourless needles from a strong solution of metallic tin in acetic acid. Upon a larger scale it is 
prepared by mixing solutions of tin crystals (chloride of tin) and acetate of soda, lime, or lead, a 
usual recipe being 103 parts of tin salt to 190 of" good brown acetate of lead ; the mixture is well 
agitated, allowed to settle, and the clear supernatant acetate of tin drawn off. Owing to a tendency 
to undergo oxidation upon exposure to the air the solution should only be prepared for immediate 
use. The salt is employed in dyeing and calico-printing to a limited extent to obtain an orange 
colour. It is, however, an uncertain agent from its unstable character, and gives, moreover, a 
“ loose ” colour, a defect that it shares with all other tin mordants on vegetable fibre. 

Zinc, Acetate op. — This salt is only of slight importance; it is used medicinally, in a diluted 
state, as an astringent lotion, and, occasionally, in printing : it gives a fine orange-yellow on silk 
and cotton, but owing to its weak affinity for the fibre the colour is very unstable. It is obtained 
by calico-printers for their own use by dissolving -t parts of sulphate of zinc and 7 of acetate 
of lead in hot water, allowing the sulirliate of lead to settle out, and siphoning oft’ the clear acetate. 

It may also be obtained in a pure state by dissolving metallic zinc in acetic acid, evaporating 
the solution, and crystallizing. 

Acetic Etter ; Acetate op Ethyl (Geb. Essii/iither ; Fr. Et/ier acetiqne'), discovered by Lau- 
i-agnais in 1759, is a fragrant, colomdess liquid, possessing the agreeable odour of ether. It burns 
with a yellowish flame, and is soluble in water, alcohol, and ether. Heated with strong sulphuric 
acid it is converted into oxide of ethyl (common ether) and acetic acid ; distilled with a mixture of 
limewater and chloride of lime it yields chloroform. The density of the liquid is 3‘089, and of 
the vapour 3-067. Boiling point 73° (165° F.). Acetic ether may be conveniently prepared 
by distilling together 3 parts of acetate of potash, 3 parts of absolute alcohol, and 2 parts of sul- 
phuric acid. The distillate is mixed with a little water to separate the alcohol, and digested with 
chalk or carbonate of soda until neutral. It is then agitated with chloride of calcium, or, pre- 
ferably, with carbonate of potash, and finally re-distilled. During distillation cafe must be taken 
not to raise the temperature too rapidly. Upon a large scale acelate of had is usually employed 
in place of acetate of potash in the following proportions: — 16 parts of white lead acetate, 6 parts of 
sulphuric acid, sp. gr. 1-84, 7 parts of absolute alcohol, and 5 parts of water. 

Acctie ether is used in various medicinal preparations ; also for dissolving resins, sulphm-, phos- 
phorus, and essential oils in the preparation of varnishes. It is present in most wines. 

Acetone; Pyuoaoetio SptBiT(FR. Esprit pymcHique ; Ge&. Essij joisf), first observed by Cour- 
tenvaux in 1754, is a substance given off in the destructive distill.ition of all the acetates. In its 
pure state it is a colourless liquid, similar in appearance and odour to acetic ether. It is highly 
inflammable, burning with a pale yellow, smokeless flame, and is miscible in all proportions with 
water, alcohol, and ether. The density of the liquid is 0-792, of the vapour 2-022. The boiling 
point is-55-5° (132° F.). 

Acetone is usually prepared by distilling acetate of lime or barium, c.irbonate of lime or baiium 
remaining in the retort ; also by distilling dried acetate of lead in an earthenware, glass, or iron 
• retort with quicklime, in the proportion of 2 parts of the former to 1 of the latter. The crude product 
from the distillation of lead acetate is more or less contaminated with tar, and must be purified by 
saturation with carbonate of potash, and rectification with chloride of calcium. Acetone is also 
produced in the destructive distillation of citric and tartaric acids, of sugar, starch, and various 
gums, with powdered quicklime. 

Of the sources named the acetate of barium is the best, the distillate coming over perfectly 
colourless — almost pure acetone. The lime salt, like Oie lead, gives a more or less contaminated 
distillate, since it is only decomposed at a high temperature, when the tarry and empyreumatic 
compounds come over. 

Acetone is used to a considerable extent in dissolving resins, gums, and camphors. It is also a 
solvent of the lower nitro-eellulose compounds. J. L. 

AESENIOUS ACID. (Fb., AciJe arsenieux ; Ger., Arseniksiiure.') Formula ASjOj. 

Arsenious acid, commonly called arsenic, or white arsenic, is usually met with in the form 
of a white powder resembling flour, or of thick, white, brittle masses which are transparent 
when first made, but on exposure to the air for a short time become opaque ; this chan>>-e 
, c^tem^ from the surface of the lump to the centre, giving it an appearance and fracture closely 
resembling that of porcelain. It may also be obtained in octohedral crystals by cooling in hot, 
saturated, aqueous solution. Aisenious acid is sparingly soluble in cold, but dissolves readily and 
completely in iSRling water ; in hot, dilute acids it also dissolves, though not as a rule formin»- salts. 
It is easily sublimed, volatilizing at 218° (424 F.) ; the vapour of arsenic is colourless and inolorous, 
provitleil»that carbon and other reducing agents are absent; if heated in the presence of charcoal 
the vapour emits the characteristic odour of garlic, by means of which very small quantities of 
arsenic may readily be detected. Arsenious acid is one of the deadly poisons; two or three grains 
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aie sufficient to cause death. In case of poisoning by arsenic, an effective antidote may be prepared 
by precipating the hydrated sesqni-oxide of iron from ferric chloride or sulphate by means of a 
solution of magnesia or ammonia in excess: the arsenic on being brought into contact with this 
oxide of iron in the stomach is converted into an insoluble arsenite of iron, and thus prevented from 
entering the system. 

Arsenious acid occurs native in the mineral arsenite or arsenolite ; this mineral, however, does not 
occur in sufficient abundance to be valuable as a source of arsenic. By far the largest quantity of 
English-made commercial arsenic is obtained from mispickel or arsenical pyrites. This mineral 
contains from 43 to 46 per cent, of arsenic ; it is found in large quantities in Devon, Cornwall, 
and South Wales, in association with tinstone, iron and copper pyrites, galena, and various other 
minerals. These latter are separated from the arsenical pyrites by mechanical means, arsenic being 
obtained from them, if present in sufficient quantity, during the subsequent smelting processes, as 
a bye-product. Arsenical pyrites, being practically worthless as an ore of iron, is treated solely for 
the arsenic which it contains. In Saxony, Silesia, and the Harz, arsenic is also obtained from ores 
of cobalt and nickel, some of which contain upwards of 70 per cent. 

The manufacture of arsenious acid on a commercial scale has within the last twenty years risen 
to a position of considerable importance among the industries of Great Britain, and there is reason 
to believe that it has yet to see its best days, both in this country and on the Continent ; owing to 
the discovery of new applications, and the further development of old ones, the demand for it is 
steadily increasing. 

The details of the manufacture of arsenious acid will be given under the heading of “Arsenic.” 

CABBAZOTIC or PICBIC ACID. (Fb., Acide picrique; Ger., PiJtrinsaure.) Formula 
C.H,N 30 ,. 

This interesting and important substance is formed by the action of nitric acid upon carbolic 
acid, indigo, aloes, and a large number of other organic substances. It has become a very useful 
industrial product since the discovery and utilization of its remarkable colouring powers, and is 
now manufactured in considerable quantities from certain products of the distillation of coal, which 
contain carbolic acid. 

Much care is required in the selection of the coal-tar oils employed, as those which are distilled 
from the coat at a low temperature contain substances which, on treatment with nitric acid, give 
rise to products not only useless for dyeing purposes, but detrimental to the crystallization of the 
picric acid. On this account, only those which distil over at about 180° or 200° (356 to 392 F.), 
and whose density is comparatively high, should be chosen, the best being those whose boUing point 
is between 190° and 200° (374 and 392 F.). The manufacture is at present carried on as follows 
The oils containing carbolic acid are mixed with a strong solution of caustic potash or soda; the 
alkali immediately unites with tlie carbolic acid, forming a dense liquid, which separates itself 
from the remaining portion of the oil, and forms a layer at the bottom of tlie vessel. If the oils 
are rich in carbolic acid, one-third of their weight of alkali is sufficient, but if they are poor the 
amount of alkali must be decreased in proportion. The alkaline phenate is withdrawn from the v 
bottom of the vessel, and decomposed by means of hydrochloric or sulphuric acid, when the carbolic 
acid floats upon tlie surface of the solution of alkaline chloride or sulphate formed, and is drawn off 
for treatment with nitric acid. As the reaction between the carbolic and nitric acids is very violent, 
care is required when large quantities are employed, not only on account of the inflammable nature 
of the oils used, but the disengagement of gas is so copious and rapid that there is danger of 
the liquor being thrown over the sides of the vessel in which the reaction is carried on. Another 
important point is the amount of nitric acid employed ; it depends entirely upon the richness of the 
oils, rectified as above, in carbolic acid, from six to eight times their weight being the average 
quantity required. The operation is usually carried on in an earthenware vessel, capable of holding 
from 12 to 15 gallons ; this vessel is fitted with two tubulures, and is placed in a metal dish filled with 
fine sand, and heated by a fire from below. In one of the tubulures is placed a glass funnel, the 
outlet of which is very narrow, in order to prevent the too rapid entrance of the acid ; the other is 
fitted with a curved glass tube, to carry away the nitrous fumes given off, and is attached to a 
suitable condensing apparatus. About 40 lb. of nitiic acid, of sp. gr. 1-31, are run into the vessel, 
which is very gradually and gently heated to about 50° (122 F.), at which point the heat is 
removed ; about 12 or 13 lb. of the rectified oil are now introduced in successive portions by meqns, 
of the funnel, and on contact with the nitric acid a brisk effervescence ensues, large quantities of* 
gas being given off and the temperature rising considerably. The picric acid dissolves as quickly 
as it is formed in the excess of nitric acid, small quantities of the latter being adCed from time to 
time in order to cool the mixture ; the reaction is allowed to continue for twelve hours, and, after 
having become perfectly cool, the mixture is again heated to 50°, and about 28 lb. of nitrift acid are 
added. Another twelve hours is sufficient to complete the reaction, which is hastened, towards the 
end, by gentle heating from below. When all effervescence has ceased, the excess of nitric acid is 
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distilled off, and condensed for future use, and the solntion of picric acid is evaporated in large 
earthenware vessels, heated on a sand-bath to the consistence of honey, when it is left to cool. 
The thick yellow paste thus obtained, after being washed free from nitric acid, is dissolved in 
boiling water, a little weak sulphuric acid being added in order to dissolve the resinous matter 
present. The solution is filtered, and set out in pans to crystallize ; the resulting crystals are 
generally very impure, and are dissolved and re-crystallized until they are of a delicate lemon-yellow 
colour. These are dried and packed in casks for the use of the dyer. 

Picric acid is bitter to the taste, and very poisonous ; it is soluble in water, alcohol, and ether, 
forming yellow solutions. Its colouring properties were first discovered by M. Guinon, of Lyons ; 
it is used for dyeing silk and woollen goods a bright yellow, alum being employed as a mordant. 
Cotton and flaxen goods are not dyed by picric acid. Some alkaline picrates have been employed 
instead of the acid by some dyers, though their highly explosive nature renders them quite unfit 
for these purposes. A mixture of picrate of potash, chlorate (or nitrate) of potash, and charcoal is 
used in France as an explosive for torpedoes, under the name of Designolle’s powder ; in this country, 
picrate of ammonia, nitrate of potash, and charcoal have been used as a bursting powder for shells, 
under the name of Abel’s “ picric powder ” (see “ Explosive Agents”). It has been said that picric 
acid was formerly largely used to adulterate beer, for the purpose of heightening the bitterness of 
its flavour. 

CARBOIjIC ACID. {¥u., Acide carholique ; Geb., Carbolsaure.) Synonyms ; Phenic Acid; 
Phenol ; Phenylic Hydrate ; Phenylic Alcohol ; Coal Tar Creasote. Formula : C^HjO = CsHj.OH. 

Pure carbolic acid is a colourless crystalline solid, which melts at 42*2° (108° F.) to a colour- 
less, limpid liquid slightly heavier than water. Carbolic acid boils when pure at 182° and 
distils without decomposition. The crystals readily absorb moisture from the air, whereby their 
fusing point is lowered, owing to the formation of a hydrate of the composition, CjHjO.HjO, con- 
taining 16-07 per cent, of water, and melting at 17-2° (63° F.). In very moist aiir this hydrate 
absorbs still more water, and the product remains fluid at a still lower temperature. When 
water is gradually added to absolute carbolic acid as long as it continues to be dissolved, the 
resultant liquid contains about 27 per cent, of water (by weight), and thus approximates closely 
to the composition C,H,0,2H20, which requires 27-7 per cent, of water. If the liquid so obtained 
be really a compound, it is one of the weakest nature, for by agitating it with four volumes of 
benzene the carbolic acid is dissolved, and the water wholly separated. The liquid hydrous 
carbolic acid obtained as above is readily frozen by the cold resulting from the mixture of strong 
hydrochloric acid and crystallized sulphate of sodium. 

Liquid hydrous carbolic acid dissolves in about 11-1 times its measure of cold water. This 
corresponds to a solubility of 1 part by weight in 10*7 for the absrdute acid, the saturated solution 
containing 8-56 per cent, of real phenol. Although aqueous solutions of carbolic acid do not 
redden litmus paper, in weak alkaline solutions carbolic acid is much more soluble than in pure 
water. With equivalent amounts of the strong bases it forms definite compounds. The potas- 
• sium and sodium salts are readily soluble in water, and are not decomposed on dilution. 

Carbolic a'chl is miscible in all proportions with alcohol, glacial acetic acid, and glycerin. 

Absolute carbolic acid is miscible in all proportions with ether, benzene, carbon disulphide, and 
chloroform. When aqueous carbolic acid is shaken with an excess of either of these solvents, the 
phenol dissolves, and the contained water separates. 

In cold petroleum spiiit carbolic acid is but slightly soluble. It may be obtained in fine crys- 
talline needles by suddenly cooling the liquid by a freezing mixture. 

The taste of carbolic acid is biting, and at the same time sweet. The odour is usually strong 
and characteristic, but both smell and taste are much less marked in very pure specimens than in 
the crude article. 

Commercial carbolic acid often turns red in the light; the cause is uncertain. 

Strong carbolic acid dissolves dry gelatin completely, but gelatin coagulates when carbolic 
acid is added to its aqueous solution. 

•Phenol coaguLites albumin, is a powerful antiseptic, acts as a caustic on the skin, and is 
powerfully poisonous. When taken internally in a concentrated condition, it destroys life very 
quickly. Numerous instances of poisoning are on record in which carbolic acid has been taken or 
^administered in mistake for medicine. 

* Wlfen applied externally, carbolic acid appears to act on the system by paralyzing the nerve- 
centres. It is a curious fact that even momentary contact of the strong acid with any considerable 
surface of the l»?er part of the body is usually fetal. Thus, a child who used a privy on the seat 
of which carbolic acid had teen spilt, so that the liquid came in contact with his buttocks, died as 
a conseqwence. The foreman of a carbolic acid works stepped into a vessel of carbolic acid which 
wetted him up to the knees. He immediately jumped into water and took other precautions, but 
died the next day. On the other hand, carbolic acid has often been applied to the arms and upper 
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part of the body with comparative impunity. In one instance, a man employed at a carbolic 
acid works, who often had his entire arms covered with the acid, died from the effects of some of 
the same acid spilt on his leg. 

Associated with the real carbolic acid in the lower grades of the commercial article, there is always 
more or less of another body known as cresol or craylic acid, which has the composition C,HgO, 
and is consequently the second member of the homologous series of which carbolic acid is the first. 

Oresylio acid has a density of about 1 • 014. It closely resembles carbolic acid, but is liquid at 
ordinary temperatures, far less soluble in water than is carbolic acid, and boils at a higher tempera- 
ture (198 to 20.i°). Several isomeric vaiietiesof cresylic acid are known, having slightly different 
boiling points. One variety is solid at ordinary temperatures. 

The presence of crcsylic acid in samples of commercial carbolic acid greatly reduces their solu- 
bility in water and alkaline solutions, and lowers the melting point. Hence, none except the very 
best commercial samples of carbolic acid correspond exacily in properties with the pure substance. 
The lower grades of “ carbolic acid,” from which much of the pure substance has been separated, 
contain a far larger peicentage of cresylic acid than of real carbolic acid. In taste and smell they 
are far more offensive than the pure article, but their antiseptic value is in no way diminished. 
In fact, crcsylic acid is said to have an antiseptic power considerably above that of carbolic. 

Carbolic acid is a constituent of the pharmaceutical preparation called castcreum, and is formed 
in many chemical reactions. It has also been observed in the tar obtained by the distillation of 
pine-wood. In practice, however, the whole of the carliolic acid of commerce is obtained from the 
tar produced by the distillation of coal for the manufacture of illuminating gas. 

Coal — or gas— tar is of a very complex composition, and yields a variety of useful products. The 
carbolic and cresylic acids constitute a not inconsiderable proportion of the whole tar. It is 
obtained by a process of fractional distillation, supplemented by pmification by solution in alkali 
reprecipitation by acid, &o. 

The quantity of tar operated on at one time, and the exact inethorl of procediu-e, are conditions 
which vary considerably, but the following description gives a fair- idea of the operation of fractional 
distillation as usually carried out at large works. 

The first thing in the morning the still is charged with 1200 gallons of the tar, and the fire is 
lighted; in ahout-an hour the tar begins to rise in the stiU, and the fire requires carefid watching, 
until the actual distillation commences, which is usually about an hour later. 


The first distillate consists of gases, ammonia water, and “ first light oils,” or naphtha ; when GO 
or 70 gallons have condensed, consisting of about J naphtha and | water, the distillation almost 
stops for a time, generally about an hour, or an hour and a half, during which time little but water 
passes over. The stoppage of the distillation is known as the “ break,” and duiing the subsequent 
period the still is said to ho “ on the rattles,” owing to the peculiar noise with which the generation 
of steam is accompanied. When the temperature has risen somewhat higher, the still “comes off 
the rattles ” and yiel Is about 20 gallons of oil lighter than water (“ second light oils ”). The point 
at which the distillate begins to be heavier than water is found by observing whether in a small 
sample the oily or aqueous portion floats on the surface. As soon as the oil becomes heavier than ' 
ttatcr, the shoots are changed and the still is said to be “ on the oil.” In the course of the next thr^ee 
hours about 300 gallons arc distilled. The first portion of this consists chiefly of naphthalene 
which is very apt to block up the worm. After about 150 gallons have passed over, the nature of 
the product changes, the naphthalene being readily soluble in the oils then running. The still is 
now said to be “ on the soft oils,” of which about 100 gallons are obtained. After this, the oil 
begins to thicken on cooling, the approach to this point being ascertained by catching a few drops 
of the oil on a piece of cold iron. The product now running is known as “anthracene oils” and 
measures some 50 gallons. When the oil sets to the consistence of butter on cooling, the process 
is arrestfc d, and the remaining 4 tons of pitch run out into a tank. 

As thus caiTicd out the distillation yields:— 

PtT cent, 
by vveigbt. 

4 


Ammoniacal liquor, about .. 

.. .. 50 

First light oils 

.. .. 20 

Second lig:ht oils 

.. .. 20 

Creasote oils . . 

250 

Anthracene oils 

50 

Pitch 

4 tons 


n 

22 

4 

67 


The proportions of the various products obtained vary considerably with the character of the 
tar and the manner m which the details of the operation are conducted * 

The still and condenser employed in the above oprration will be more appropriately described 
m detail m the section treating of coal-tar distillation, but it may be said genLuy thal the ap^l 
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ftitus used consists of a vertical cylinder of cast or wronglit iron, having a movable top and bottom, 
both of which are convex npwards. A pipe near the top of the still admits the tar from the tank, 
and a large cock at the bottom suffices to run off the pitch at the end of the operation. The size 
and shape of stills used varies somewhat widely, but a desirable size is one which will work off a 
charge of 1200 gallons of tar in the course of ten or twelve hours, thus avoiding night work. Such 
a still will be about 7 ft. in diameter, and nearly the same in height. The condenser is usually a 
4-inch socket- pipe arranged in a rectangular tank. About 140 or 150 ft. of condensing length is 
sufficient for a still of the above size. 

In a well-known works, in which the manufacture of carbolic acid is of primary importance, 
20 tons of gas-tar are worked on ; the first 200 gallons, consisting of “ light benzols,” &c., are of no 
use for the extraction of carbolic acid. When that measure of distillate has passed over, the shoots 
are changed, and the next 600 gallons are collected separately. This ixrrtion of the distillate cor- 
responds closely with the “ creasote oils ” of the process previously described, and it is from these 
products tliat carbolic acid is always obtained. 

In some cases these oils are redistilled, and the portion passing over between 150° and 200° C. 
used for the manufacture of carbolic acid. More frequently they are treated directly in the following 
manner : — 

Two hundred gallons of the oil having a density of I'OOO to 1 005 are treated with alkali. 
30 gallons of caustic sola solution of l'.S4 sjxcific gravity (= 68° Tw.) are diluted to 150 gallons 
with water, the liquid thus obtained added to the oil, and the whole well agitated together for two 
hours. By this treatment the carbolic and cresylic acids become dissolved in the alkaline liquid, 
while the naphthalene and other hydrocarbons and- oils of neutral character are left unacted on. 
The mixture is next allowed to settle for about four hours, when the alkaline solution is drawn off 
and neutralized with sulphuric acid. This causes a separation of the carbolic and cresylic acids 
from the aqueous liquid, on the top of which they form an oily hiyer. Time having been allowed for 
this to separate thoroughly, it is skimmed off and allowed to settle in tanks for several days, when 
it is ready for caskiiig. 

It is sometimes stated that hydrochloric acid may be substituted for the sulphuric, but this 
cannot be done with advantage. 

The caustic soda employeil must bo free from nitrates (which are commonly present in somg 
varieties), or on neutralization tlie nitiic acid set free will act violently on the carbolic acid, produ- 
cing awkward consequences. 

The crude carbolic acid obtained as above contains a considerable but variable proportion of 
cresyl o acid, and sometimes of still higher homologuos. When to be used simply as a disin- 
fectant, the crude product is sufficiently pure, but for certain medical and other purposes a superior 
prepai-ation is. required. 

The proportion of cresylic acid contained in crude carbolic acid may be ascertained approxi- 
mately by the following process, -which is also very similar to the method of puiiflcation adopted 
on a large scale. 

One thousand fluid grains of the sample are placed in a retort and distilled, the liquid which 
passes over being collected in graduated tubes. Water first condenses, followed by an oily liquid. 
Wheu 100 fluid grains of the latter have been collected the receiver is changed. The volume of 
water is then read off. If the oily liquid floats on the surface, it contains light neutral oils. It 
should be hea-vier than water, in which case it may be regarded as hydrous acid containing about 
50 per cent, of real carbolic acid. 

The next portion of the distillate consists of absolute acid, and when it measures 625 grains the 
receiver is again changed. The residue in the retort consists wholly of cresylic acid and still higher 
homologucs of carbolic acid. The 625 grains measure of absolute acid contains variable proportions 
of carbolic and cresylic acid. These may be approximately estimated by determining its solidify- 
ing point, which iiould be between 15° and 24° (59° and 75° F.). Having ascertained this 
temperature, a mixture of pure carbolic and cresylic acids is made in such propiortions as to 
have the same solidifying point. This nmst be adjusted by trial ; ora series of standard specimens 
may be prepared. The exact point of solidification can be more sharply read if a minute fragment 
of crystallized carbolic acid be added to induce the commencement of the change of state ; or the 
sample may be solidified, and the liquefying point noted. 

As excess of cresylic acid prevents solidification, in some cases a second fractional distillation 
shoulS be resorted to, the process being arrested when the thermometer rises to 190° 0. 

The same principle as the above is adopted for the piuification of carbolic acid on a large scale. 
CresyUc acid %)iling at a considerably higher temperature than carbolic, a tolerably perfect 
separation of the two acids can be effected by repeated fractional distillation. 

CrcSJ^lic acid being itself a liquid, the presence of it in carbolic acid tends to lower the melliug 
point, so that the inferior grades of carbolic acid are liquid at ordinary temperatures. Another 
cause for their fluidity is the pre.seuce of water, which is taken up by the coal-tar acids to a greater 
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extent than is commonly supposed. The best test for the freedom of carbolic from cresylic acid is 
to drive off any water by boiling the sample in a tube for a few minutes, and to ascertain the 
solidifying point of the remainder. When pure, carbolic acid solidifies at about 42® (108° F.). 

In addition to cresylic acid, which is a normal constituent of crude carbolic acid, the commercial 
article is frequently largely adulterated with neutral coal-tar oils (naphthalene oils), which are of 
very little value as disinfectants. If purified by solution in alkali, carbolic acid cannot contain 
more than traces of these bodies ; hence their presence in quantity is always due either to imperfect 
manufacture or to their subsequent addition as adulterants. Specimens of so-called “carbolic 
acid ’’ are sometimes sold containing only a few percentages of real coal-tar acids. These products 
are probably the refuse neutral oils resulting from the treatment of the anthracene oils with soda. 

The presence of neutral coal-oils in carbolic acid may be detected, and their quantity estimated 
with sufficient accuracy by the following simple proce^. 

Into a graduated tube pour 100 fluid grains of the sample to be tested, and add gradually — 
noting the effect produced — twice its volume of a solution of caustic soda (free from alumina), 
containing 9 per cent, of real hydrate of soda. A solution of this strength will have a density of 
about 1'090, or 18° Tw. The tube is then closed and well agitated. The coal-tar acids will 
he completely dissolved by the alkaline liquid, whilst on standing any neutral oils used as 
adulterants will form a separate layer above or below the other according as the admixture consisted 
of the light or the heavy oil of tar. By the volume occupied by the oily stmtum the extent of the 
adulteration is at once indicated. After noticing whether the tar-oil is “ light ” or “ heavy,” a 
volume of petroleum spirit (commercial “ benzolene ”) equal to that of the sample taken, may be 
advantageously added. Its employment facilitates the separation of the oily stratum and renders 
the reading off of its volume more easy and accurate. Of course, the volume of petroleum spirit 
used must be deducted from that of the total oily layer. 

Carbolic acid has met with numerous applications, and the number of its nses is continually 
extending. 

When heated with oxalic acid it yields the colouring matter known as aurin, or rosoUc add. 

By the action of nitric acid, carbolic acid yields picric add, which has met with extensive 
application as a dye and an explosive agent. 

When acted on by sulphuric acid, carbolic acid forms suipho-phenic acid, the salts of which 
have been extensively employed in medicine. 

By combining carbolic acid with soda, and acting on the heated product with carbonic acid gas, 
salicylic acid is generated, and is now manufactured extensively, by this reaction. 

The purer varieties of carbolic acid are largely employed in medicine. It is used both internally 
and externally, and is employed in the form of ointment, spray, and in various other ways. 

The valuable antiseptic properties possessed by carbolic and cresylic acids have caused them to 
be very widely used for disinfectant purposes. For this purpose they have been employed in the 
liquid state, in the form of soap, and as disinfecting powders. The preparation of the latter is now 
extensively carried on. 

Carbolic Acid Disinfecting Powders differ considerably in their nature according to the material 
used as a basis and the proportion of carbolic acid introduced. In some cases, the basis of tho 
powder is slaked lime, but the resultant “ carbolate of lime ” has been proved to be of little value 
for disinfecting purposes. ” Macdougall’s Disinfecting Powder” is made by adding a certain j)ro- 
portion of crude carbolic acid to an impure sulphite of calcium, prepared by passing sulphurous 
acid over ignited limestone. The product often contains far more sulphate than sulphite, and not 
unfrequently contains free lime, which reduces its disinfecting value. “ Calvert's Carbolic Acid 
Powder is made by adding carbolic acid to the silicious residue resulting from the manufacture of 
sulphate of aluminium from shale. Sand, clay, and other materials are sometimes used. Good 
carbolic acid powders should contain at least 12 or 15 per cent of crude carbolic acid. They are 
liable to lose 1 or 2 per cent, of the acid by volatilization. Some powders in the market contain only 
4 or 5 per cent, of total oils, of which less than half are really carbolic and cresylic acids, the 
remainder being worthless tar-oil. 

The proportion of crude carbolic acid contained in silicious carbolic acid powders may be readily 
ascertained by the following process. 1000 grains of the sample are placed in a retort and heated 
over a flame. Crude carbolic acid distils over and may be collected in a graduated tube. The 
process is continued till nothing more distils. The heat should be pushed to dull redness and tl^e , 
retort occasionally shaken. On standing, the aqueous portion of the distillate separates from the 
oily liquid, and the volume of the latter may be read off. The loss in the process is usually about 
8 per cent., which may be added to the result obtained. The crude carbolic acid Stained may be 
examined for neutral coal-oils by the process described above. 

The manufacture of carbolic acid is of comparatively recent growth, having been originated by 
the late Dr. F. Grace Calvert, of Manchester. The manufacture is probably increasing, but is still 
chiefly confined to Manchester and the neighbourhood, and is in comparatively few hands. The 
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manufactured article is disposed of chiefly to wholesale chemists, druggists, and drysalters; to the 
manufacturers of dyeing materials and disinfecting powders, and in other ways indicated by the 
uses to which the article is put. (See also article on “ Coal-tar Products.”) A. H. A. 

CAJBBONIC ACID. (Fr., Aoide carboniqtie ; G,er., KMensdure.') Formula OOj. 

Although carbon dioxide in its natural state possesses no acid properties, and therefore the 
designation “ carbonic acid ” as applied to it is somewhat misleading, it seems desirable, under the 
popular acceptation of the term, to describe the nature, properties, and chief sources of the four forms 
of the oxide with which we are accjuainted, viz. the gaseous, solid, and li(juefied anhydride, and 
the aqueous solution of the gas which alone is the true carbonic acid. It may be said at the outset that 
there are few bodies more important than carbon dioxide to which so inadequate attention has been 
given by chemists and physicists. Known and utilized from the days of Paracelsus, its composition, 
even, was not demonstrated until Lavoisier turned his attention to the subject. It was then estab- 
lished that the true proportions were as nearly as possible 28 per cent, of carbon, and 72 per cent, of 
oxygen. Carbon dioxide has been known by a variety of names : — carbonic acid : fixed air (so 
caUed by Dr. Black, who, in 1757, separated it as a definite constituent of limestone, and from its 
absorption by solutions of caustic alkalies) ; mephitic air (from its noxious and destructive proper- 
ties) ; and carbonic anhydride, or carbon hydride ; kohlensaures gas ; kohlensaure ; gaz sylvestre ; 
spiritus sylvestris. 

Gaseous carbon dioxide is a colourless body, with a slight sweetish taste, and is one and a half 
times heavier than air. It is not inflammable, nor does it support combustion, though potassium and 
sodium decompose it — the former when heated to redness. Forming a food for growing vegetation 
it is yet exceedingly destructive of animal life when inhaled. When perfectly dry, it does not 
redden litmus, and, in fact, possesses no acid properties. It is soluble iu about its own weight of 
water at ordinary temperatures, forming the aqueous carbonic acid. Carbonic anhydride is an 
exceedingly stable body, being decomposable at only a very gr< at heat ; the solution is as unstable. 

Few bodies are so widely diffused as gaseous carbon dioxide. It is a constituent of the air to 
the extent of 0-4 per cent, by volume, it exists in expired air up to 3'5 per cent., and in the air of 
crowded rooms to 0‘5 or 0'78 per cent., through the oxidation of the carbon contained in the body, 
and is necessary to the growth of vegetation. It is produced in the ordinary process of oxida- 
tion or combustion of all substances containing carbon, in the various processes of fermentation, 
and in the decay of animal and vegetable matter. From the craters of volcanoes, from fissures in 
the ground, in mines, wells, and quarries, the gas is continually evolved in enormous quantities. It 
is produced by the decomposition of the carbonates either by heat or by the action of stronger acids. 
Finally, it is a constituent of the natural effervescing waters of Vichy, Spa, Kissingen, Ems, Carls- 
bad, &o., &c. The amount of the gas present in the best known of these natural springs is as 
follows : — 

CuBia Inches of Cabbon Dioxide in 100 Cubic Inches of Watbb. 


Carlsbad 58 

Ems 51 

Saratoga (Congress Spring) .. 114 

Kissingen 96 i 

Marienbad 105 | 

Fyrmont .. 160 I 

Spa 136 I 


Piillna 7 

Schlesischer (Obersalz-Brunnen) 98 
Auschowitz (Ferdinands-Brunnen) 154 
Eger (Franzens-Brunnen) . . .. 154 

Setters 126 

Fachingen 135 


Carbonic anhydride may be readily formed by heating carbonate of lime to redness in an iron, 
brick, or earthenware retort or furnace. The usual method of preparation, however, is by de- 
composing marble or chalk by dilute hydrochloric or sulphuric acid. Hydrochloric acid is the 
better agent, as the insoluble sulphate of lime which is formed when sulphuric acid is used coats 
the chalk and hinders further decomposition. The residue sets very hard also, and is diflScult to 
remove from tlie generating vessel. Chloride of calcium forms a useful bye-produet, and is readily 
soluble. 

Under ordinary conditions as a gas, carbon dioxide may be readily liquefied by varying the 
temperature and pressure. For this purpose, at OP (32° F.) a pressure of thirty-six atmospheres 
is required ; as the temperature is raised, greater pressure is required, until the gas refuses to be 
* l^uefied under any pressure. This point — the “ critical point,” as it has been designated — is rather 
over 32°. Under the ordinary pressure of the atmosphere a temperature of — 87° (which may be 
produced by eupporating liquefied ammonia over sulphuric acid in vacuo) is required to effect 
liquefaction. The body obtained by these methods -is a thin, colourless liquid, lighter than water, 
and foun times more expansible than air. It is miscible in all proportions with ether, alcohol, 
naphtha, and turpentine, but floats on the surface of water. Its specific gravity at — 10°.i8 0‘9951, 
at 0°, O’ 9470, and at -f 20°, O’ 8266. These figures show the extraordinary expansion of the liquid 
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upon increasing the temperature, its coefficient of expansion being greater than that of any other 
body. The boiling point of liquid carbon anhydride is — 78 ‘2° under a pressure of 760 mme. Its 
tension at different temperatures is shown by the following table : 


Temperature. 

- 25 

- 20 

- 15 

- 10 
- 5 

0 

+ 5 
+ 10 


Pressure in mme. of 
Mercury. 

.. 13007-02 

.. 15112-44 

.. 17582-48 

.. 20340-20 

.. 23441-34 

.. 26906-60 

.. 30753-80 

.. 34998-65 


Temperature. 

+ 15 
+ 20 
+ 25 
+ 30 
+ 35 
+ 40 
+ 45 


Pressure in mme. of 
Mercury. 

.. 39646-86 

.. 44716-58 

.. 50207-32 

.. 56119 05 

.. 62447-30 

.. 69184-45 

., 76314-60 


The spontaneous dehydration of liquefied carbon anhydride, and the readiness with which it 
is converted into the gaseous compound upon variation of pressure and temperature, has led to its 
adoption as a motive power. Little beyond experiment has yet been done in this direction, but if 
the difficulty of first cost could be got over, or if some ready way could be found of recovering 
the gas and re-liquefying it, so as to make a continuous operation, there seems to be little reason 
why it should not to some considerable extent supersede the use of steam. So far about 7 lb. of 
coal are required to produce a sufficient quantity of “carboleum,” as this substance has been called, 
to do the work of one horse-power per hour. It has been prepared at Newport, Ehode Island— at 
the United States naval station— for the purpose of driving torpedoes, but the difficulties both of 
cost and extensive plant seem at present to be insuperable, a steam-engine to work the compressing 
pump and an arningement of freezing mixture being required. Given a sufficient pressure, of 
course the freezing arrangement might be done away with, but the compressing of the air in the 
receiver up to 80 lb. per square inch would be necessary. 

Divers apparatus for liquefying carbon anhydride have been devised, those of Tliilorier and 
Natterer being the best. Thilorier employs two strong wrought-iron cylinders, into one of which 
is introduced about 5 lb. of bicarbonate of soda and 7 pints of water. A copper tube containing 
2^ lb. of sulphuric acid is theu lowered into the mixture and set on end, the top of the cylinder 
being firmly closed with a cap, into which the delivery tube, fitted with a carefully constructed 
stopcock, is introduced. By incliuing the retort or “ generator,” for which purpose it may be con- 
veniently swung in an iron frame, the acid is allowed to run gradually out of the tube and mix 
with the bicarbonate. In the meantime the second cylinder or “ receiver,” kept cool by means of 
a freezing mixture or ice, has been connected with the delivery tube of the generator, and when 
the sulphuric acid has set free gaseous carbon anhydride from the bicarbonate of soda, the cooks 
are opened, and the gas allowed to rush over into the receiver, where it condenses by its own 
pressure. 

At Vienna another plan, that of Professor Beims, has been tried, but too great a quantity of 
fuel is required to allow of its being commercially successful. By this method the gaseous 
anhydride is freed from bicarbonate of soda by heating the latter up to 371° (700° F.) in closed 
strong iron vessels, and condensed, as in the ease of Thilorier’s apparatus, by its own pressure. 

A very excellent process is the following ; — a mixture of chalk and water is introduced into the 
generator, which is fitted with an agitator. The acid is run in gradually from a vessel placed 
above, and thorough admixture secured by agitation. When liberated, the gas is conducted through 
a vessel called the “ washer,” containing water, into the receiver, where it is kept until a presstu-eof 
about 100 lb. to the square iitch is attained. It is then taken through a set of refrigerating pipes 
into the compressing cylinders, and from thence into the “ holders,” which are carefully surrounded 
by a freezing mixture. The holders should be made of tliin sheets of steel placed in successive 
layers with overlapping joiuts, aud sohlered together with pure tin, the outer case being carefully 
rivetted. Considerably less work is manifestly put upon the compressing engine by the gas being 
stored in the receiver until it can be introduced into the compressing cylinder at an already high 
pressure. 

Faraday first liquefied carbonic anhydride by decomposing carbonate of ammonia by sul- 
phuric acid in a sealed bent glass tube. Gore has proposed to condense, after a somewhat similar 
manner, in strong glass tabes closed with guttapercha stoppers. By Natterer’s process, to'whiJu 
reference has been made, the gas generated by the action of sulphuric acid upon bicarbonate of soda 
is pumped by means of a force-pump into a strong wrought-iron vessel, in a similar manner to the 
pumping of air into the receiver of an air gur. As soon as the volume of gas pumped in amounts 
to about thirty-six times the volume of the receiver, every stroke produces condensatievr. This 
apparatus has also been used for liquefying nitrous oxide gas. 
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When liquid carhon anhydride ia suddenly freed from pressure, it is instantaneously converted 
into the gaseous form, and by the operation such intense cold is produced, that a portion of the 
liquid is frozen. It then forms the solid anhydride, a white, snow-like mass. Though this sub- 
stance has so low a temperature as — 78°, it can be handled without inconvenience, owing to a 
constant volatilization, which keeps it from actual contact with the hand. Wetted with ether, solid 
carbonic anhydride forms the most effectual freezing mixture known, a temperature of —110° being 
obtainable, and mercury instantly solidified into a lead-like mass. If when liquefying the gas at a 
temperature of — 87° the pressure ia increased to four atmospheres, a solid mass is obtained, which 
has the transparency of ice, and may be divided into crystals, which have the action of intense 
heat when pressed between the fingers. 

It remains only to notice the aqueous solution of carbon dioxide, the only real acid form of the 
• compound. The gaseous anhydride dissolves in its own volume of water, giving a solution of 
I’OOIS sp. gr. with a sharp acid taste, and possessing decided acid properties. By boiling this 
' aqueous solution, however, the gas is evolved, and litmus no longer reddened. It is owing to this 
that hard water can be softened by boiling, the carbonate of lime yielding up its carbon dioxide, and 
being deposited in the kettle or boiler in the shape of “ fur.” If the gas be simply prssed into 
wafer, only about two-thirds of the bulk of the solvents is taken up ; but if the pressure is increased 
or the temperature diminished, the solubility ia very much greater. Hence water impregnated with 
the gas at a high pressure immediately parts with it when the pressure is removed. For further 
details of this part of the subject see “ Aerated Waters.” 

The following table gives the volumes of carbonic anhydride absorbed by 1 volume of water 
under a pressure of 7fe0 mme., and at the temperatures indicated : — 


Temp. 

Vols. of Gas absorbed. 

Temp. 

Vols. of Gas absorbed. 

o 




0 

1-7697 

12 

1-1018 

2 

1-6481 

14 

1-0321 

4 

1-5126 

16 

0-9753 

6 

1-3901 

18 

0-9818 

8 

1-2809 

20 

0-9013 

10 

1-1847 




The column marked a in the annexed table shows the volume of gas absorbed at the ordinary 
temperature of the air, and under the pressures indicated by the column marked P. 



P 


1 

P 

a 



697-71 

0-9441 

2188-65 

3-1764 



809-03 

1-1619 

2369-02 

3-4857 



1289-41 

1-8647 

! 2554-00 

3-7152 



1469-95 

2-1623 

' 2738-33 

4-0031 



2002-06 

2-9076 

: 3109*51 

4*5006 



Carbonic acid, the aqueous solution of the gas, forms a series of exceedingly valuable salts called 
“ carbonates.” They are obtained by the direct action of the acid, or by the joint operation of the 
anhydride and water, upon metallic oxides or hydrates. In no case does the anhydride unite with 
a base without the intervention of water. Certain of the carbonates are also ver^ readily produced 
by precipitating a soluble metallic salt with an alkaline carbonate. For the most part they are 
soluble in water and insoluble in alcohol; they are decomposed by the action of heat, and of water 
with the aid of heat. 

The carbonates constitute an exceedingly important set of compounds, whether they be viewed 
from a geological, chemical, or purely industrial standpoint. The limestones form no inconsider- 
able portion of the earth’s crust, and the value of these under their several forms of chalk, mountain 
limestone, and marble, is too well known to be insisted upon. The carbonates of potash, soda, 
^Ejjnonia, and lead, are prepared on a large scale for various purposes. Some of the most valuable 
metallic ores are carbonates. The most important of these salts are the carbonates of barytai 
copper, iron, lead, lime, magnesia, potash, soda, and zinc. 

All the carlxSiates, soluble and insoluble, are decomposed with effervescence by the strong acids. 
The gas which is given off is colourless, and of a somewhat pungent odour. If it be passed into 
milk of Iftne, or into a mixture of chloride of barium and caustic ammonia, a white precipitate ia 
thrown down, though often not until the liquor has been heated. The same effects are produced 
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by passing the gas into a solution of acetate of lead. These precipitates dissolve with effervescence 
in dilute nitric acid. 

In analyzing a substance in order to determine the quantity of carbonic acid in combination, it 
is a common practice to ascertain tlie loss of weight which the substance undergoes when treated 
by other acids. It is necessary, however, when this method is adopted, to take care that vapour of 
water be not evolved along with the gas. The quantity of carbonic acid contained in lime and 
carbonate of lime is usually determined in this manner. J. L. 

CHBOMIC ACID. (Fr., Acide chromiqne ; Geb., Chromsdure.) Formula CrOj. 

This acid does not occur in nature, but it may be prepared fiom its salts in several ways, in 
tlie form of beautiful, deep red, needle-shaped crystals. The following are the most important 
methods : — 

1. By the decomposition of bichromate of potash by strong sulphuric acid. One volume of a 
saturated solution of the bichromate is poured gently into one and a half volume of oil of vitriol, 
the mixture being carefully stirred during the operation ; on cooling, the chromic acid separates 
out in long needles of a beautiful red colour. These are dried and purified from sulphuric acid by 
re-cry stul lization . 

2. By treating chromate of baryta with a large excess of strong nitric acid. This method is 
employed by Mr. Chailes Watt. The nitrate of baryta formed by the reaction is insoluble in 
nitric acid, and may be easily separated from the chromic acid by decantation, or by filtration 
tlirough asbestos. The filtrate is eva pointed to dryness, the nitric acid being volatilized; the 
residue is pure chromic acid. If the quantity of nitric acid required be large, it may be condensed 
and employed a second time. 

3. By the decomposition of chromate of lead by sulphuric acid. The mixture is allowed to 
stand for twenty-four hours and is then diluted. The sulphate of lead thus formed is filtered off and 
the filtrate evaporated at a gentle heat. If the chromic acid be required to be perfectly pure, the 
crystals are dissolved in pure water and re-crystallized. 

Chromic acid dissolves in a small quantity of water, forming a dark-brown liquid having an 
acrid, astringent taste. It is a powerful oxidizing agent, readily giving up part of its oxygen and 
passing into the sesquioxide. It reacts upon alcohol with such energy that the latter becomes 
inflamed. 

Free chromic acid is seldom used in the arts as an oxidizing agent. A mixture, however, of a 
solution of bichromate of potash with sulphuric acid and some neutral vegetable matter yields the 
free acid. Obtained in this manner, it acts as a poweiful bleaching agent, and is often used as a 
substitute for chlorine in calico-printing, the corrosive properties of the latter rendering it unfit for 
many purposes. 

Pure chromic acid is used in mounting microscopic objects, to harden preparations of soft 
tissues. When combined with oxide of tin, it forms one of the pink colours used in porcelain- 
painting. 

CITBIC ACID. (Fn., Acide citrique ; Geb., Citronsaurei) Formula CjHgO,. ' 

This acid was isolated and distinguished from tartaric acid, which it closely resembles, by 
Scheele in 1784. The citric acid of commerce consists of beautiful white crystals, prismatic in 
form, and, according to an analysis by Dr. Ure, of the following composition : carbon, 33 ’00 per 
cent. ; hydrogen, 4 • 63 per cent. ; oxygen, 62 • 37 per cent. Citric acid exists in the juice of many 
fruits, especially in lime juice and lemon juice, from which it is obtained on a large scale. The 
juice of gooseberries and currants has also been used as a source of this acid. 

The outlines of the manufacture of citric acid from lemon and lime juice, as carried on at the 
present time, are Ss follows : — After clarification, the juice is heated to about 100° 0., and powdered 
whiting (carbonate of lime) is added until the liquor is saturated, a point readily determined by its 
ceasing to effervesce ; the whiting should be added in small quantities, suitable to the amount of 
liquor under treatment, and the mixture is kept constantly agitated by machinery until the whole 
of the citric acid present has been converted into insoluble citrate of lime. When this is the w.se, 
the mixture stands until the citrate of lime has settled, when the supernatant liquid is run off, 
and the residue well washed by adding and decanting cold water, the agitating apparatus being 
set in motion after each addition. The washed citrate is next decomposed by means of hot sul. 
phuric acid, sulphate of lime, and free citric acid being formed. The former is got rid oK>^ 
running the contents of the vessel into a settling tank close at hand, in which the heavy sulphate 
is retained, while the solution containing the citric acid flows into vessels in w^jeh it is concen- 
trated by steam-heat. The concentrated citric liquor is pumped into a cistern, from which it is ladled 
into filters, made usually of canvas ; the filtrate runs into crystallizing pans placed ^eneath, in 
which it stands until the crystals cease to firm. The mother-liquors are run back into the concen- 
trating pan. 
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If a very pure article be required, it is customary to place a small quantity of animal charcoal 
in each of the filters ; this serves to decolorize the liquid, and to free it from insoluble foreign 
matter. The crystals may be dissolved and re-crystallized until they are obtained perfectly pme 
and of large size ; but when ordinary commercial citric acid is required, one process of crystalliza- 
tion is usually enough. 

The lime juice from which the acid is prepared is imported from Sicily, the south of Italy, and 
from the W est Indies. After removing the seeds and peel, the fruit is strongly expressed, and the j nice 
collected; it is evaporated in copper pans until it has a density of about 1'231, when it is a thin, 
dark-brown, syrupy liquid, containing about .S2 per cent, of free citric acid. An instrument termed 
a cUrmneter is sometimes used to measure the amount of citric acid contained in the juice, but this 
method is not to be relied on, owing to the variableness of the quantity of insoluble and saccharine 
matter present in the sample, as well as to tlie fact that during the concentration of tlie juice, part 
of the acid is invariably decomposed and carbon thereby set at liberty ; the dark colour of the juice 
is also due to the presence of free carbon. It is imported into this country in casks containing about 
100 gallons. 

The vessel in which the decomposition takes place is a wooden tub, conical in form, and of any 
convenient size ; this tub is fitted with suitable agitating gear, worked by machinery above. The 
juice is run in from a cistern, by means of a metal pipe provided with a stop-cock, having been 
previously heated to about 100° C. Small portions of common whiting, finely; ground, are added 
successively, the contents being well agitated the while, until the mixture ceases to effervesce. It 
should be observed that the reaction with htmus or turmeric affords no indication of the point at 
which all the citric acid is converted into citrate of lime, owing, it is said, to the formation of an 
acid citrate, and also to the presence of phosphoric acid, which is always to bo found in the crude 
lime juice; these bodies are with difficulty neutralized by chalk, and render the mixture distinctly 
acid when considerably more chalk has been added than is sufficient to combine with the whole of 
the citric acid. The liquid may be, and sometimes is, neutralized by the addition of milk of lime, 
but the practice is objectionable, and lias been discontinued by the best manufacturers, on account 
of the mucilage precipitated by the lime, which hinders the filtration and crystallization of the 
concentrated liquor. It was formerly the custom to get rid of these mucilaginous matters by sub- 
jecting the crude juice to a process of fermentalion, but this has been generally given up as 
unnecessary. 

When the addition of more chalk produces no effervescence, the agitating gear is stopped, and 
the contents of the tub are allowed to settle; the clear liquor, containing much soluble impurity, 
is run away by means of a tap. The citrate of lime is now washed rapidly, but thoroughly, with 
warm water, the contents are well stirred up, again allowed to settle, and the washings again run 
off; this process is continued till the citrate is thoroughly cleansed. It is then ready for decom- 
position, which is carried on in the same vessel. The proportion of sulphuric acid required to 
effect this is about 91 parts of strong acid, diluted with six times its weight of water, to every 
10 parts of chalk previously used. The acid is run in while still hot, and the mixture kept in a 
Sate of agitation for about twelve hours, or until the whole of the citric acid is decomposed. This 
operation complete, the whole contents are run off, while still well mixed together, into a shallow 
leaden vat, placed immediately beside the decomposing tub, and connected with the bottom of the 
latter by means of a leaden pipe. The heavy sulphate of lime, which may afterwards be sold as 
manure, sinks immediately to the bottom of this vat, leaving the citric acid liquor free to flow into 
the concentrating vessel placed at its side ; this vessel is made of wood, lined on the inside with 
lead, and furnished with a leaden coil, which lies at the bottom of the pan, and through which 
steam is constantly passing. In order to render the concentration more speedy, the wooden sides of 
the pan enclose a row of metal pipes, through which also steam is made to pass. The steam is 
withdrawn as soon as a thin film appears on the surface of the evaporating liquid, and care must 
be taken that this point is not passed. On withdrawing the steam, the concentrated acid is run or 
pumped into a convenient cistern, and from this it is ladled into canvas bags suspended from a 
wooden frame, beneath which are placed rows of circular leaden basins; the liquor running 
through is retained in these basins, all mechanical impurities being left behind in the bags. As 
soon as the crystals cease to form, the mother-liquors are poured back into the concentrating pans, 
and the citric acid is carefully detached from the basins. The article thus obtained is sufficiently 
p»re^r qj-dinary purposes, and represents the citric acid of commerce. 

During the process of evaporation in the leaden vats, the concentrated liquor invariably becomes 
contaminated with^ore or less lead. When the acid is used for the preparation of aerated waters, 
this becomes a serious difficulty, owing to the poisonous nature of lead compounds ; it has been 
proposed to obviate this by employing vessels of wood or earthenware. 

All soluilons of organic acids are liable, during concentration by heat, to undergo a process of 
decomposition, by which carbon is liberated, and the article more or less damaged thereby. Hence 
much care is necessary in order to prevent the heat from becoming to great, if the liquor be 
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evaporated in open steam pans, and the difficulty experienced in avoiding this contingency was for 
many years a constant source of annoyance to manufacturers of citric acid. An arrangement by 
which the liquid is concentrated iu a vacuum, at a constant temperature, was invented and patented 
by Pontifex, in 1856. This apparatus is known as the Pontifex vacuum pan, and though a com- 
plicated and expensive piece of machinery, seems to be the only effectual means of overcoming this 
troublesome obstacle. It will be fully described and illustrated in the article on tartaric acid. 

Owing to this liability of citric acid to decomposition, a cheap and easy method of converting 
the lemon and lime juice into some stable citrate, before exportation, would be an inestimable 
advantage, both to the exporters of the juice and the manufacturers of the acids. Attempts have 
been made to effect this, but hitherto without much success, and the subject is still worth the 
attention of those interested in this important branch of manufacture. Lime as a base for citric 
acid is out of the question, as, unfortunately, citrate of lime is as unstable as the acid itself. 
Perret has employed magnesia as the base with a considerable amount ot success, though the time 
occupied in effecting the crystallization of the tri-basic citrate is a manifest disadvantage. Another 
matter to which the manufacturer would do well to give his attention, is the objectionable waste of 
time in the processes of evaporating, filtering, &c. ; the attainment of more economy iu this respect 
is much to be desired, and would amply repay careful consideration. 

A patent was granted a few years ago for a method of producing citric acid, in conjunction 
with tartaric acid and alcohol, and in a state of extreme purity, from an African plant called the 
tamiirinha ; the plant is cut while green, and subjected to pressure, by which means the juice or 
sap is extracted ; the three above-named substances are obtained separately from the sap by sub- 
sequent chemical processes. We do not know whether this method of preparing citric acid has 
been found successful on a commercial scale, but it is scarcely probable. 

The following method of obtaining citric acid is due to Dr. Price ; — The crude juice is saturated 
with an alkaline carbonate, or with the ammoniacal product distilled from gas-liquor : 150 parts of 
chalk or 90 parts of milk of lime are now added for every 192 parts of citric acid contained in the 
juice. Heat is applied, and the ammonia distilled off into another portion of the juice. The 
decomposition of the citrate of lime by sulphuric acid, and the subsequent processes, are carried on 
in the usual way. 

Citric acid is constantly adulterated with tartaric acid ; the fraud is readily detected, if tartar 
be present in any quantity, by dissolving a porlion in water and adding a small quantity of a 
strong solution of acetate of potash, or other potash salt, when a crystalline precipitate of cream of 
tartar will show itself on the sides of the vessel. 

The first crops of citric acid crystals, which are brownisli in colour, are used largely by the 
calico-printer as a “ resistant ” for iron and alumina mordants ; when the acid is required for other 
purposes, it is necessary to subject it to one, or even two or three more crystallizations, according 
to the degree of purity wished for. The above application of the acid is the most important, 
though citric acid is also w idely used in the manufacture of aerated waters (see “ Aerated Waters ”), 
to which it imparts an agreeable and cooling acerbity. It is used medicinally as an antiseptic and 
scorbutic, in the place of lemon-juice. ' 

The manufactures of citric and tartaric acids are usually carried on in the same works, and are, 
iu the main, identical. To avoid repetition, further detailing of the particulars of the manufacture 
of the acid under consideration has been deferred for treatment under the latter acid. 

GAIjXiXC acid. Acide gallique ; Ger. Galiussdure.') Formula CjHgOs. 

This acid exists in many plants and vegetables in small quantities, but it is usually obtained 
from a substance contained in nut-galls which is called “tannin.” The most simple method is to 
submit powdered nut-galls to the action of the atmosphere for about three months, placing it in a 
cool spot and keeping it moistened with water; after a short time the mass swells up and becomes 
mouldy. At the end of this time it is submitted to pressure, the escaping liquid being rejected so 
long as it runs out coloured; the remainder is digested with boiling water, which, after being 
filtered and allowed to cool, deposits crystals of impure gallic acid. To purify these, th^ are 
re-dissolved in seven or eight times their weight of boiling water, a little animal black being added 
to decolorize the solution. 

Another method of converting tannin into gallic acid is due to Liebig. It consists in extract- 
ing the tanniu from the pulverized gall-nuts with water, and precipitating the solutionfcwfth 
sulphuric acid diluted with seven or eight times its weight of water. The whole is boiled for a 
short time, during which the conversion takes place. The liquor is concentre^ at a gentle heat, 
and on cooling deposits nearly colourless crystals of gallic acid. 

The first of these methods is, however, the most convenient, and it is in use at the present time, 
the manufacture being carried on as follows; — ^The nut-galls are carefully chosen ancT sorted over' 
the most valued being the green ones, which furnish 40 per cent, of their weight of gallic acid ; 
the white variety is not nearly so rich, and is usually rejected. The nuts are reduced to powder 
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and placed in a large, shallow leaden basin ; in this they are moistened continually for some days 
with warm water, which is added as long as it is absorbed by the nuts ; when this is complete the 
whole is placed in a compact heap, so as to retain as much warmth as possible. At the end of a 
few days fermentation sets in, and the surface of the heap becomes covered with a thick, grey 
mould. At the expiration of about three months the fermentation is complete ; during the whole 
of this time the mass should be moistened whenever it shows any signs of becoming dry. The 
nuts are next submitted to a heavy pressure, and for this purpose they are placed in a solid wooden 
press, tied up in bags made of cloth. The expressed liquid runs out in a thick, black stream, and 
contains much gummy and extractive matter which would seriously interfere with the subsequent 
crystallization. The nuts are next digested in boiling water in a wooden vessel lined out with 
lead and heated by a steam-pipe from below ; the whole should be constantly stirred with a wooden 
paddle during the process of ebullition. A small quantity of dilute sulphuric acid is added to the 
hot liquor, for the purpose of converting any unfermented tannin into gallic acid, and of facilitating 
the subsequent processes of filtration. An hour or two after the addition of the acid, the steam is 
turned off, and the contents are left to stand for twelve hours ; the clear liquor is then run off and 
filtered through cloths, while the residue is collected and boiled a second time in the same 
manner. The liquors are concentrated in leaden basins, into which steam is introduced by means 
of a leaden pipe ; as soon as a thin film appears on the surface the steam is withdrawn and the 
concentrated liquor is allowed to cool. At the end of twenty-four hours the crystallization is com- 
plete, and the crystals of crude gallic acid are drained, and re-dissolved in a leaden vessel, and the 
hot solution is filtered through a strainer before being once more left to crystallize. The crystals 
thus obtained are still slightly coloured, and in order to purify them they are dissolved in water, 
and a small quantity of animal black is added to the solution. After filtering, a few drops of 
hydrochloric acid are added for the purpose of dissolving traces of gallate of iron, which would 
impart a yellowish tinge to the crystals. A third and final crystallization affords beautiful white, 
silky needles of gallic acid, in which form it is sent into the market. 

Gallic acid is inodorous, and has a slightly acid taste. It dissolves iu 100 parts of cold water, 
and in 3 parts of boiling water ; also readily iu both alcohol and ether. GalUo acid was at one time 
largely consumed in photography, indeed the demand for it seems to have grown with that art, but 
of late it has been abandoned in favour of pyrogMic acid, a substance obtained by the decomposition 
of gallic acid by heat. 

Ptbogallic Acid. — When gallic acid is subjected to a gentle heat, it decomposes into several 
substances, one of which is called pyrogallio acid. It is prepared in the following manner ; — The 
liquor pressed out from the fermented nut-galls is reduced to powder, and placed on a metal dish 
over a sand-bath ; when the temperature has reached 150’ C., the heat is diminished, as the mass 
will itself rise to 200° without further heating. Three hours’ heating is sufficient to convert the 
whole into pyrogallio acid. 

A modification of this process has been employed by Liebig, by which he has obtained more 
beautiful and more abundant crystals. Crystallized gallic acid, perfectly dry, is mixed with twice 
*ts weight of pumice stone, and the mixture is placed iu a tubulated retort heated by a sand-bath ; 
the retort is covered with sand, and in its tubuliue is fixed a tube through which carbonic acid gas 
is introduced into the interior ; a glass receiver is fitted to the arm of the retort. The sand-bath is 
heated gently, and the crystals of pyrogallio acid formed are rapidly drawn out of the retort into 
the receiver by the current of carbonic acid gas. When the distillation is complete, the receiver 
will be found to contain a thick, concentrated solution, which, on cautious evaporation, yields a 
quantity of pyrogaUic acid representing no less than 30 to 32 per cent, of the gallic acid employed. 

SULPHUBIC ACID. (Fa., Acide s'llphuriqac ; Gek., Schwefehdure.') Formula of the an- 
hydrous acid SO, ; of the hydrated acid, H,^SO,. 

This acid being an essential means employed in the manufecture of all the important acids 
which follow iu their alphabetical order of treatment, it has been judged desirable to displace it from 
that order, for the purpose of rendering subsequent descriptions of processes more simple and easier 
to ffe rmderstood. 

The varieties of sulphuric acid met with in commerce are three in number, viz. anhydrous 
sulphuric acid, or sulphuric anhydride; Nordhausen, or fuming acid, a distillation from an- 
jiy^rous acid, or subhydrate mixed with monohydrate ; and ordinary snlphuiic acid, known on the 
Continmit as English acid, composed of monohydrate and a varying proportion of water or higher 
hydrates, and which when fully concentrated is usually called “ oil of vitriol.” 

Sulphuric anSydride is a viscous, crystalline, fibrous, asbestos-like mass, which can be kneaded 
between the fingers. Its sp. gr. is 1 • 97 at 20° C. (68^° F.). It is colourless and odourless, and 
bums on Wie tongue, destroying the moist skin. It melts at 25° C. (77° F.), and boils at 35° C. 
(95° F.), yielding a colourless vaix)ur, which in the presence of moist atmosphere forms a white 
mist owing to the formation of sulphuric hydrate. On this account also it fumes at ordinary 
• • E 2 
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temperatures in damp air, and dissolves very rapidly in it. In bright red heat the vapour 
decomposes into sulphurous acid and oxygen. 

Nordbausen acid is an oily, thick-flowing liquid, generally brownish-hued from the presence ot 
organic matters, having a sp. gr. of 1*850 to 1*900, and containing at 1*854 sp. gr. 10*7 per cent, 
by weight of anhydrous acid, and 89 * 3 per cent, of monohydrate. It fumes and evaporates rapidly 
in a moist atmosjihere. Cooled to 0° C. (32° F.), it gives crystals of subhydrate. 

Ordinary English sulphuric acid is a combination of sulphur, oxygon, and hydrogen, and may 

SO 1 

be expressed by any of the following formulse: HjSO^; BO^HjO, or density or 

specific gravity is 1‘850, and 100 parts should contain 81 '5 parts anhydrous acid and 18 ‘5 parts 
water, or 92-93 per cent, by weight of monohydrate and 8-7 per cent, of water. It behaves very 
like the sesquihydiate ; boils at 327° (620° F.), solidifies at a temperature 3 degrees below tiie 
freezing point of water, and remeits at 10° (50° F.). 

Sulpiiuric acid is a powerful solvent, nearly all metals being dissolved by it, even in a dilute 
state. Also other reducing agents, such as carbon, phosphorus, sulphur, &c., exert a deoxidizing 
action upon concentiated acid, but with more difficulty and at a higher temperature. It combines 
very energetically with free bases to form sulphates, and is very difficult of elimination from 
such salts again. It is exceedingly hygroscopic, being capable of absorbing fifteen times its hulk 
of water. It combines with water most powerfully, and with great evolution of heat and genera- 
tion of steam if mixed suddenly. With water it forms several compounds capable of assuming 
definite crystalline shapes. 

Sulphuric acid exerts a severe carbonizing or dehydrating influence upon organic substances, 
and then assumes a more or less darkened colour. In a pure state it should be quite colourless and 
inoilurous, and in that condition it presents an oily appearance, whence its familiar name oil of 
vitriol (often shortened to o.v.) is derived. 

Tire two first-named varieties of commercially known sidphuric acid never occur in a natural 
state. The last named is seldom met with in a free state on account of its great solvent powers. 
Nevertheless, an Andean river, the Eio Viuagre, contains O' 1 per cent. of the acid, and is calculated 
to prodnee some 38 tons daily. Besides some smaller Andean streams which are aoidulous, a 
volcanic spring in New Grenada contains upwards of 0'25 per cent, of this acid. It is, however, 
commonly foimd in intimate combination with bases forming sulphates. The principal sulphates 
are those of aluminium, barium, calcium, copper, iron, lead, potassium, and strontium; alunite, 
heavy spar, gypsum, blue vitriol, green vitriol, anglesite, kainite, and celestine being the names by 
■whicli these natural salts are generally known. 

Ordinary sulphuric acid results from the oxidation of sulphurous oxide, the hydration of 
Bulphuno oxide (anhydride), as we h.we already seen, and from other chemical reactions ; but the 
method commouly adopted, and among manufactuiers univei-sally, is the first named. The sul- 
phurous oxide is derived from burning brimstone or pyrites, and is oxidized by the intervention 
of nitric acid, supplied either in the liquid form, or as a salt undergoing decomposition. The 
principal supply of oxygen is derived, however, not from the nitric acid, but from the atmospheric, 
air, in whose presence (as in that of steam) the reaction is allowed to proceed. 

Sulphuric acid may he justly described as the most important of the chemical products, since 
in consequence of its numerous applications, it has become the “ mainstay of our present industrial 
chemistry.” 

The production of tlie acid is achieved in two separate -ways : (a) by the burniug of sulphur or 
sulphides to produce sulphurous acid, which is subsequently oxidized to form sulphuric acid ; and 
(6) the decomposition of sulphates by heat. By the first-named process, which is by far the most 
general, only a hydrated acid of about 1 • 558 sp. gr. is commonly produced, and from which it is 
impossible to evaporate aU the water, but only such proportion as to leave the monohydrate 
HOSO3. By the last-named process, however, an anhydrous acid is liberated, which may either 
be used as such, or may be dissolved in monohydrated acid to produce Nordhausen. But the cost 
of production by this method is so much greater than by the other, that it is adopted for the 
manufacture of acid to be used for purposes which demand a stronger acid than can be made by 
the combustion process. 

The production of acid by the combustion process is always assisted by nitric acid gas, derived 
either from the decomposition of nitrates by the action of sulphuric acid (conducted in a portion of 
the kilns), or from liquid nitric acid introduced into some part of the chamber system. " " 

The apparatus and manipulation necessary in the production of acid by combustion of sulphur 
(brimstone), aided by nitric acid gas from the decomposition of nitrates (of poFish, or soda, but 
almost exclusively the latter), will now be considered. 

Figs. 37 (plan), 38 (longitudinal section), and 39 (vertical section taken through the ehambers), 
show a sm;dl manufactory capable of producing daily about 30 to 35 cwt. of acid, at 1 '850 sp. gr. 

The same letters of reference are used in each of these three figures. 

A is the brimstoue kiln( made of well-burnt bricks, and bound togeti^r by iron bars a. In 
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front of the retaining walls the strong iron plates b are fixed, and held by the four tie-bars a. The 
nuts visible at a are for screwing the plates tight np to the wall. The front plate is pierced by a 
door through which the charge is introduced, and in which is a hole for the admission of a constant 
current of air. These openings should not be made larger than requirements demand, and they 
must he fitted with iron closures. 



The charge of sulphur is introduced regularly every hour on the cast-iron plate c, under which 
is %fire-place, 2, for the purpose of heating the plate at the commencement of the operation, or 
whenever it may become necessary to do so, but it is not by any means indispensable, and is 
wanting in many works. The joints are carefully plastered up after admission of the charge. 

The decomposition of the nitre with sulphuric acid is conducted in the cast-iron pots, d. These 
!lre»fillad with the materials outside the kiln, and are introduced immediately after the brimstone. 

The gases formed by the combustion of the brimstone and the decomposition of the nitre, mixed 
with atmospheric air, stream through the rerlical channel B to the first leaden chamber! This 
channel is built of brick and strengthened by iron bolts, e. The connection between this channel 
and the firet leaden chamber is made by the cast-iron tube C. At / the lead of the chamber wall 
is drawn over the tube and, after the joint has been well stopped with putty, an iron clamp is 
tightly bolted round. At g the tube is fitted with an iron man-hole plate, and the joints similarly 
made tight. This plate is removed from time to time, in order that the foreign matters, carried 
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with the gases in the form of dust and here deposited, may be cleared out. All joints must be made 
with the greatest care and stability, for to obtain good working results it is essential that there be 
not the slightest communication between the atmosphere and the interior of the chamber, save 
through the kilns. 

39 . 



From the tube C the gases pass into the first leaden chamber D at /. In this chamber, 
measuring 71J ft. long, 22 ft. 9 in. wide, and 17 ft. 10 in. high, the greater part of the acid is 
condensed. The gases wh'cli do not condense here escape by the opening at the end and near the 
floor of the chamber into the leaden connection pipe E, which conducts them into the upper part of 
the second chamber P. This chamber is only 22 ft. 9 in. long and 10 ft. 6 in. in width and height. 
The still remaining gases flow hence by the exit opening near the floor, through the leaden 
pipe G, into the third chamber H, made of the same width and height as the second chamber, but 
only 10 ft. 3 in. in length. 

The small residual portion of the gas leaves this chamber by the exit flue near the bottom, and 
passing through the vessel J, in which a small proportion of sulphuric acid is still formed, escapes 
finally by the vertical chimney K. This conducts the vapours, consisting chiefly of nitrogen, from 
the air, the superfluous oxygen, some sulphurous acid, and, when the operation is well managed, a 
considerable portion of nitiio or hyponitrio acid, into the atmosphere. In order to watch the colour 
of the gases, windows are placed in all the flues or connection pipes, either in the form of glass 
panes let into the side and top, or in the shape of a glass cylinder the full size of the pipe. 

The chimney K is provided with a slit, into which a leaden damper ft can be introduced, an(^ 
by opening and shutting this the draught can be regulated as desired. Sometimes, instead of a 
simple damper, the flue is enlarged and a perforated damper is introduced, the holes in which are, 
collectively, just equal to the diameter of the flue. By closing some of the holes the draught may 
be lessened. In order to prevent the wind from interfering with the draught, the top of the 
chimney is provided with a cylinder L, open above and below, and of larger dimensions than the 
chimney pipe. In many works the gases are conducted to the main chimney, instead of into this 
special substitute. 

The roof of each chamber has an opening i, closed by a cover, which stands in a rim filled with 
water, or useless acid. Figure 40 shows the arrangement. This serves to show the character of the 
gas, which is necessary to be studied in regulating the process. 

They are often of glass for admitting light into the chamber, which 
latter is then furnished with corresponding side windows, at a 
convenient height for seeing into the chamber. On suspending the 
chambers their ventilation is much hastened by removing these 
covers. The roof of the first chamber, being necessarily of greater 
length, may have two such covers with advantage. Besides these, in some works there are 
openings in the side walls of the chambers, near the bottom and about 3 ft. square, serving«as ifian- 
holes. Workmen entering the chambers wear boots of thin sheet-lead, as a protection against the 
acid. During the working these openings are closed by wooden lead-covered^oors, which are 
fastened tight up to the leaden wall of the chamber by supports from the chamber framework. 
The joints between the door and the chamber wall are made tight with putty, generaHy prepared 
from pipe-clay and the refu,,e of rapesced oil refineries. These holes are seldom or never met with 
ill this country. 
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Farther, it is necessary to provide a small hole in the side of the first chamber, just opposite the 
point where the gases enter, with a diameter of about an inch, which is stopped by a stoneware 
stopper and used as we shall indicate presently. The connection pipes also are provided with holes 
for watching the process as seen at 1. When it is not possible to lute the covers with water they 
must be made secure with putty. Each connection pipe, as well as the chimney K, is provided at 
its lowest point with a small double bent tube, as seen at m. Fig. 37, which is so made that no 
gas can issue from it, but that the acid which condenses within may escape, drop by drop, and be 
collected in a vessel for testing ; this serving as another guide in the conduct of the process. 

Each chamber, as seen at n. Fig. 38, has an overflow pipe, so that the acid runs continually 
from the third to the second chamber, thence to the first, and from it into the reservoir M, so that, 
however fast it may condense in the chambers, it shall remain at a constant level in them. 

The reservoir M, which is a wooden tank lined with sheet lead, serves to show the exact 
quantity of acid made. In order to do this, it is so arranged that the acid may be led into either 
of the two reservoirs. When one is full, it is run into the other. They are of exactly similar 
dimensions, and furnished with a scale and a float, so that it is easy to calculate the volume of acid 
made daily from the figures indicated. By noting the specific gravity, the exact quantity obtained 
can be reckoned. 

With this arrangement, it is not advisable to draw the acid direct from the reservoir by taps, as 
through carelessness, or their not fitting tightly, 
the acid may continually escape in drops, and 
thus the correct make cannot be ascertained. It 
is better to draw it off by means of siphons. This 
is shown in Fig. 41. 

The siphon a of bent leaden pipe, hangs from a 
light iron chain 6, which runs over the pulley c. 

It can thus be raised or lowered at will, and 
may be temporarily suspended at any height by 

fastening the string at d. Both legs of the siphon, g 

one inside the reservoir, the other outside, ter- 
minate in little leaden vessels e, hanging on 
knobs with which the siphon is furnished at /. 

These are for the purpose of preventing the 
siphon from running dry when the acid gets so 
low in the cistern as to be below the siphon 
mouth. To effect this, however, the ends must 
be kept at exactly the same level. This is easily 
managed, as the siphon depends from two points, 
as shown at g. In order that the cistern may be 
completely emptied, it is given a little well at A, 
into which the vessel e can completely enter. To 
* avoid the splashing of the escaping acid, it is not 
run into the open air but into the lead-lined 
vessel N, of the same height as the cistern M. 

This box has a tap at the bottom which regulates the outflow of the acid. During the feeding of 
the cistern M, the siphon is drawn up above the highest level of the acid. The bottoms of the 
chambers and of the reservoirs M may be of 7 lb. sheet lead, while, for the sidewalls and the tops 
of the chambers and for the connection pipes and the smaller parts of the apparatus, 5 or 6 lb. 
lead will sufiSce. 

The overlapping sheets forming the chamber linings were formerly beaten together and joined 
with a cement, or fastened by tin solder. Now, however, they are melted together by means of a 
hydrogen gas flame^without bending the lead edges together. In this way, not only a great saving 
of time and cost is secured, but it is especially valuable as giving a much more durable seam, for 
evtfi with tin solder the acid soon found its w.iy through. 

The support of the sides and roofs of the chambers is aided by a strong timber framework, and 
they are erected in the following manner ; — On the strong and level plank flooring of the chamber 
are spread the leaden sheets destined to cover the floor. They are carefully beaten flat with 
•wt^e» mallets, in such wise that each sheet shall overlap the next about an inch. This is then 
“ burnt ” on to the underlying sheet with the hydrogen flame. In order to give the bottom of the 
chamber the for^ of a basin in which to hold the acid, each sheet is turned up vertically about 
nine inches high aU round the chamber. 

Before proceeding to erect the side lead, the floor is covered with straw overlaid with planks, so 
that it shall not receive any damage ; often, also, the bottom lead is the last to be pnt in. The 
timber work is then proceeded with. Four beams, marked o, are laid round the upturned edge of 
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each chamber, and serve to keep it in place. The nprights p are then morticed into the beams and 
strutted bj the braces q. Then the four crowntrees r are morticed on to the nprights and struts. 
Now follows the erection of the sheet lead. 

As the burning together of the leaden sheets is much more quickly and easily effected in a 
horizontal position than in a vertical one, the small sides of the large chamber and all the sides of 
the small ones are burnt first and afterwards raised in one piece. The long sides of the large 
chamber must be divided into two or three portions for raising. They are finally connected by 
vertical seams, and then form one complete sheet. For this purpose a strong wooden platform is 
made, on whicli the lead may lie. This is so placed th.it the edge wh'ch corresponds to the lower 
eilge of the side sheet shall be close against the upturned edge of the basin, so that the sheet 
can be very easily raised into place by pulley blocks from the upper edge. On this platform 
the sheets nmy be joineil, as on the floor of the chamber. In estimating the height of the sheet, 
about nine inches in excess is allowed, as it is necessary that a portion be turned over the crown- 
tree r, and firmly nailed to it. 

As soon as the sheets are joined ready for raising, chalk lines are drawn on them indicating the 
position of the uprights p. On these lines, and about 1 ft. 6 in. apart, are burnt leaden straps 
about four inches square. Tlieu the top edge of the sheet is bent over the edge of the platform 
and there fastened, and the whole is then raised into position tight against the framework of 
the chamber. The straps correspond with the uprights, and are nailed to them. The platform is 
then removed for further use, as before. When all the side sheets are thus erected, the remaining 
joints must be “ burnt ” up. A good upright seam can be made by a workman of sufficient prac- 
tice, in whose hands the lead will not drop down on application of the flame, but rather adhere to 
the already-formed portion of the seam. 

When the sides are completed, tlie roof is commenced. For this purpose trestles are brought 
into the chamber, and on tl.em a platform is constructed. On this pl.atform the leaden sheets 
forming the top are spread out and lapped two or three inches over the orowntree. They are then 
burnt into one complete sheet, thus closing the chamber. On this ceding are burnt a series of 
straps, running parallel to the short sides of the chambers. Between each double row a beam or 
joist 3 is laid, whose ends reach the crowntrees r, and to which the straps are securely nailed. 
Thus, these joists support the ceiling. To prevent the joists from sinking, a strong beam t is laid 
athwait their middle, and supported by iron clamps depending from the framework of the timber 
roof of the works, where such roof is required ; but in this countiy they are seldom or never used, 
and the joists are sufficiently stout to need no support. The wooden platform, &c., is then removed' 
from the finished chamber. 


According to this plan the sides of the chamber remain distinct from the basin-sbaped floor, but 
descend into the acid lying there, so as to shut in the interior atmosphere. It has been noticed 
that especially this porlion of the lead has been rapidly corroded when tlie acid contained much 
nitric acid, an eventuality often occurring through careless management. To avoid this, in many 
works the sides are burnt to the bottom, so that all the acid is shut into the inteiior. When the 
process is properly conducted, liowever, this precaution is not necessary. 

The steam required is generated in an ordinary boiler shown at N in Figs. 37 and 38. The 
lowest pressure should be from 1 s to 2 atmospheres. The boiler is provided with a water gaime 
safety valve, and steam gauge, which latter may simply be a (J -shaped open glass tube containing 
mercury. The water inlet is easily regulated through the copper tube u, Fig. 37, which, reaching 
to the roof beams, has more than sufficient height to overcome the pressure of the steam. This 
p pe, opening out into a funnel at the top, is fed with water from the cistern O. A plug w, hano-ino- 
on the balance v, serves to regulate the outflow. When the float r, inside the boiler, sinks with the 
level of the water, the plug is lifted and the water can flow, but the plug is replaced so soon as the 
said float rises sufficiently. 

The steam passes into the chambers by the copper pipe y, 2-in. bore. It enters near the gases 
and in the same direction. The copper pipe terminates, in each ease, just outside the chamber in a 
tap for regulating the amount of steam admitted, and provided witli a gauge for that purpose. The 
other end of the tap is joined to a short piece of leaden pipe projecting about an inch into /he 
chamber, and burnt to the chamber wall. In many works, the steam is introduced into the con- 
nection pipes just at their commencement, so as to assist in mixing the gases and air 

Sometimes also, to economize fuel, the boiler is heated by the flame of the burning sulphur. In 
this way the heat of the gases in the chamber will be correspondingly diminished howeven wlfictf 
may injimously affect the conduct of the operation, especially in a small works during the winter 
seasi.n. feeiiotis suspension of operations, too, may result from an injury to theJboiler, which can 
easily happen. Therefore, heating the boiler in this manner is only advisable where fuel is 
threhamW g^sljr climate is so hot that it is beneficial to reduce the temperature of 

It is scarcely necessary to state that the dimensions given above are by no means constant, but 
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that they are variable at pleasure in accordance with the quantity of acid it is desired to make. 
TJ.e larger the works the lighter is tlie cost of construction in proportion to the make, and the 
easier the conduct of the operation. Chambers may be found in most parts of England of far 
greater dimensions than tliose given above. In working them it is advisable not to have a corre- 
spondingly enlarged sulphur kiln, but rather to use two smaller kilns, and to charge them 
alternately. In this way the quantity of gas in the chambers is maintained at a more constant 
volume, as the sulphurous gas is less weakened by the periodical influx of air. 

The brimstone-burner descril)ed above necessitates that the door shall be kept open for some 
time at each charge ; in tliis way an excess of air is admitted just wlien the sulphur has burnt otf. 
fl'his fls productive of bad results. For this reason many plans have been devised for differently 
arranged burners in wliieh the evil might be lessened, but they have either not succeeded in 
« accomplishing the desired end, or from possessing some new fault or difficulty have not come into 
general use. 

The essential part of Knhlmann’s burner consists of four cast-iron retorts of the form used in 
making coal gas. In front are doors for admitting the brimstone, furnished with air-holes, and 
behind are pipes for the escape of the gases. The g.ascspass from the retorts first into a large ante- 
chamber in which they form a uniform mass, and, when sublimation takes place, deposit a soot- 
like dust of sulphur. 

Petrie invented a furnace which aitogether does away with the introduction of the sulphur 
through a door that nee<ls opening. The sulpliur is made to enter by a l.opper or funnel placed on 
the top of the furnace. The ascending heat of tlie sulphur burning below brings down a new 
supply, so that the feeding is constantly kept up so long as the hopper is duly replenished. In 
front, the fui-n.ace has a perforated door for ventilation, and which is only remove 1 for cleaning out 
the furnace. 

It is not possible, Imwever, by this apparatus to kiep the sulphur regnlaily supplied, and also 
the brimstone easily hccoraos sticky from overheating, and does not then flow well. These are decided 
defects. The only modified form of brimstone burner wliich has been received with favour by 
manufacturers is H.irrifon Llair’s fumaco. This furnace consists of two distinct compartments, in 
one of which the sulphur is partly burnt, partly sublimed, while in the other the combustion is 
eompleted by a further addition of atmospheiic air. In spite of the great h(at generated in the 
fuinace the sublimaticm c.uiscd by it is infinitesimal, and tiiis heat offers a decided advantage in 
that it enables the Glover tower to be useil, which is impossible with any otlior foim of biiinstone 
kiln. We shall pre.seutly show the great gain effected by tlie use of the Glover tower. 

In Harrison Blair's furnace, the furnace bed is sVghlly dished, and slopes to within 2 ft, of the 
door, where a raised platform is made, on which the residue, scraped otf the floor once every twenty- 
fourhnurs, may lie exposed to the beat until the next day’s residue is di-nwn up in a similar manner. 
Tlie door is a l.iose iron plate in an iron frame, slightly inclined to make a tight joint, and easily 
• removable; in it are drilled a number of holes for the admission of air, which can bo closed at will 
by a sheet-iron slide. The brimstone is introdnce.l through a hopper, from which an iron pipe 
^7 in. ill diameter descends to within 6 in. of the floor of the furnace, and is protected by another 
pipe of Lirger diameter. A fire-clay damper regulates the passage of the gases from the first part 
of the kiln to the second part, and by opening or closing this damper a larger or smaller quantity 
of brimstone may be burned in a given time — w ithin certain limits, of course. 

The sulphurous aciil and sulphur vapom-s passing to the combustion oven, are met by a current 
of air, admitted through an aperture, which is provided with a damper 8 in by 3 in. for regulating 
the admission of the exact quantity necessary for the perfect combustion. This is ascertained by 
taking out the small stopper ; the admitted air should produce no flame. The roof of the combustion 
oven is of fire lumps supported on dwarf walls, and forming at the same time the floor of the nitre 
oven. The g.ises rise into the nitre oven and pass over the nitre pots. These nitre pots are 
renewed every two hours in alternate sets, each set remaining six hours in the oven. Iron doors 
corresponding with each compartment provide for their removal. The gases now mixed with tliose 
arising from the decomposition of the nitre, pass under a cast-iron dome, for the purpose of being 
degrived of a portion of their heat, and thence by a cast-iron chimney 24 ft. in height, to a small 
■ cooling chamber, 6 ft. wide, 18 in. high, and 18 ft. long, the roof and floor of which are covered with 
water, which commumeptea with the snlphuric acid chamber. Tliese two last-named portions of 
the kiln, as well as the cooling chamber, may be dispensed with, without in any way iuterfei ing 
"with tbs working of the kiln, and in fact when used in conjunction with a Glover tower, the gases 
are taken dirtet from the combustion oven into the tower. 

In a furnace|pf tlie dimensions 2 ft. by 4J ft., 26 tons of brimstone have, it is said, been 
satisfactorily burnt in a week, and the same furnace . may be made to consume only 5 or 6 tons 
weekly bj admitting less air to feed the combustion. It is also said to have been found that a 
much larger quantity of brimstone may be safely bnmt in the same chamber-space than is the case 
with ordinary burners. 
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When the necessary nitric acid gas is not derived from the decomposition of nitre with sulphuric 
acid in the sulphur kilns in a gaseous form, but is instead introduced into the chambers as a liquid, 
much more plant is necessary. 

Beady-made nitric acid cannot well be admitted to the chambers otherwise than in a tiny 
stream, and it is imperative that the flow shall be kept absolutely constant and regular, so that the 
acid may be utilized as constantly as it is required. This object is most easily achieved by a 
Marriotte vessel, which gives a perfectly regular outflow, and is in use in most works. Fig. 42 shows 
such a vessel. The stoneware vessel A, which bolds 
the nitric acid, is closed by a perforated indiarubber 
cork a, in which the glass tube b is fastened, so that 
no air can pass through the joint. This pipe forma 
the only way by which air can be brought into the 
vessel A to fill up the space left by the acid flowing 
out at the tap c. The pressure of the atmosphere 
above the line h h', to which the glass tube reaches, 
regulates the outflow, and this pressure remains 
constant so long as the acid does not sink below 
that level. In order to observe the rate of flow, re- 
course is had to the glass register d, which is tightly 
screwed on to the vessel, and may be read off by the 
adjacent scale e. The filling of the vessel is effected 
through the open glass tube h, which is furnished 
with a funnel at the top for this purpose. It is 
necessary first to draw out the cork a somewhat, in 
order to admit of the escape of the displaced air ; this 
may be avoided, however, if a second smaller tube 
be inserted into the cork, which may be closed by a 
pinch-cock, and only opened when the vessel is about 
to be filled. The escaping acid flows through glass 
or stoneware tubes, whose commencement is seen at 
/, into one of the leaden chambers. 

In many works the flow of nitric acid is re- 
gulated by two cisterns, such as are shown at E, 
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^'1; ^temately once every twelve hours with the requisite supply, so*hat 

^ch IS filled once per twenty-four hours. The flow of acid to the chambers is conduct^ Lm both 
the “sterM the same vessel ; when the one has delivered half its acid the other is become quite 
empty and is filled anew In thm way the changes of pressure are better compensated, a^^ 
more regular flow of acid is obtained than by one single open cistern, but it is unneciait tS 
say that the same regulanty cannot be secured as by the Marriotte vessel ^ 

The nitric acid introduced into the chamber must be spread over a great si^face, so that the 
sulphurous acid gas may come as much as possible into contact with it. F^r thL p— a 
casr^de appamte ,s used, consisting of cylindrical vessels of pipe-clay, arranged as,sW te 
the figure. At A is seen a vertical section of the whole system, B gives only the under nart in a/vf 
and a view of the upper part, C shows a view of the whole. Each system is composed of four^Spt 
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clay vessels, one inside another. The lowest vessel b is abont 2 ft. 6 in. in diameter, aiid stands in 
the leaden sancer a, in which is a little powdered sulphur to assist in securing the perfect level of 
the vessel. The upper vessels decrease in size abont 8 in. each, thus producing cascades over which 
the acid tumbles. The lowest vessel 6 is a simple saucer, each of the other three; on the other 
hand, is furnished with a bottom about ^ to | in. from the edge, and divided into two parts. Bound 
about the under part are holes g, wliich, as shown at B, begin under the bottom and reach under 
the edge of the next lower vessel. Thus the nitric acid as well as the chamber gases find free 
> circulation inside the apparatus, so that the greatest possible reaction may take place on the whole 
surface of the acid. The nitric acid is conveyed to these apparatus by the pipes /, which are 
also made of stoneware, and are introduced through the chamber wall from the jar D. These 
last are fed by the funnel i over the centre jar, either from the cisterns E, or from the Marriotte 
vessel. The jars communicate with each other by the side siphons h, whicii maintain the acid at a 
constant level. Each jar supplies one cascade inside the chamber with acid by the taps k. These 
taps are placed at such a height as to prevent the level becoming so lowered as to unset the 
siphons. 

The regular delivery of acid in the cascades can also be achieved by a pipe-clay rocking trough. 
Fig. 44. The acid is run from the cistern by a pipe a, fitted with a tap b, into the half of the trongh 
marked c. As soon as this is full, the trough falls over in consequence of the change of the centre 
of gravity (as it turns on its axis at /) until the 
stop d holds it. Thus it empties itself. At the 
same moment the half e is raised and brought just 
under the mouth of the pipe a, aud is thus filled 
with acid in turn. Then the trough falls over until 
stopped by the knob g, and the acid flows out on 
the opposite side. The acid delivered thus in- 
termittently from the trough is caught in vessels 
standing underneath the flow pipes, and carried 
through coiresponding cascade apparatus. The 
pipes must also be of equal diameter, and of such 
small bore that the volume of nitric acid which 

flows at each fall of the trough is sufficient to completely fill them all, so that 
each may deliver the same proportion of the acid. 

This arrangement is superior to the last in that the jars are done away with, 
and only the cistern tap needs regulating. On the other band, it has the dis- 
advantage that it would not be possible to notice the accidental stoppage of any 
of the tubes, and that the flow is not made continuous but intermittent. Also the 
tumbling of the trough may become interfered with by an accumulation of dirt. 

The above-described cascades are now altered to a simpler form in many works, with the 
advantage that the jars are dispensed with and the acid admitted to one series only, 
t Fig. 45 shows this arrrangement. It consists of a pile of cylindrical tubes a, and flat round 
plates or saucers b, all of stoneware. The diameter of these pieces constantly decreases as the 
column rises, so that the nitric acid flowing into the uppermost saucer overflows into the second, 
then info the third, and so on. The lowest saucer is about 2 ft. 6 in. diameter, and about 2J in. 
deep, and the highest is about 5^ in. wide, and IJ in. deep. The cylinders are provided with 
openings through which the nitric acid and the chamber gas can freely circulate. 

This disposition possesses the following defects : — 

1.. If the glass or stoneware pipe, through which the acid is introduced to the chamber from 
without, should break during working operations, and thus render it necessary to insert another, it 
is very difficult to make sure that the new one shall exactly reach the uppermost saucer. 

2. It may easily happen that in such a case the unstable pile may be disarranged or even 
altogether upset. 

3. The topmost saucers are so small that in a very short time they become filled with mud, 
prilicipally composed of solid matters introduced with the kiln gases, and this is especially the case 
when using pyrites. 

On this account it has become more general to use stoneware or pipe-clay saucers all of one size, 
,viz^ about 2 ft. 6 in. diameter, and 2J in. deep. Twelve of these are placed terrace-like, one 
behind* another, in one of the chambers, in such manner that the lip of each higher one reaches 
over the one immediately below so as to deliver the acid into it. The saucers are arranged on 
loosely stacked pBes of fire-bricks, as shown in Fig. 46. 

Whilst the nitric acid is slowly passing along the apparatus, it is acted upon by the sulphurous 
acid gas *[)resent and reduced to hyponitrie, or even nitrous acid, which enters into the volume of 
the gases ; the sulphuric acid then gradually formed in the upper part of the chamber atmosphere 
finally reaches the floor of the chamber free from nitric acid. 
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Formerly it was common to devote two small chambers, called drums, to the nitric acid. 
These were 22 ft. 9 in. long, 9 ft. 9 in. wide, and II ft. C in. high, or were cylindrical and about 
llj to 12 ft. diameter, and were placed between the sulphur-burner and the large chamber. In 
the second of these the before-mentioned apparatus was placed. 

They stood at a somewhat higher level than the first small 
chamber into which the sulphuric acid flowed as fast as it 
formed, and whose only purpose was to give the sulphurous acid 
full opportunity to act upon it and free it from nitrogen com- 
pounds. Into this chamber only so much steam was admitted 
as was necessary to prevent the formation of chamber crystals 
or to decompose such crystals when formed. The acid colleoled 
in this first small chamber flowed into the large chamber. 

With properly conducted working, the first “drum” is un- 
necessary, for it is quite easy to produce sulphuric acid free 
from nitrogen compounds in the same chamber where the nitric 
acid is decomposed, if only the sulphurous a-id is allowed time 
enough, and the amount of steam so regulated that the acid 
produced contains more than 4 equivalents of water to 1 equi- 
valent of acid. More recently, these small chambers for the decomposition of the nitric acid have 
been done away with in many works, and the process allowed to go on in the first large working 
chamber. It must be remarked, however, that in this arr.mgement it is impossible to get a perfect 
coiiibinalion of the nitiie acid with the sulphurous acid, which is a great defect. 

We have already shown the part playtd theoretically by the nitric acid in the manufachue, 
and have now described the construction and general arrangement of the apparatus employed in iis 
introdiietion to the working ptocess. There now remain to bo onsiderr-d the conditions necessary 
to ensure tlie most peifcct results. 

Though the conduct of the process of the manufaoluro of sulphuric acid looks remarkably 
simple, it depends upon so many chemical and physical conditions that it is often ditficult when 
things go wrong to find out the true cause of the mischief. 

The principal points needing attention are : — 

Tlie temperature. 

The draught and inlet of air. 

The steam. 



The way in which the gases are taken through the chambers. 

Temperature . — The temperature exercises an important influence on the conduct of the process 
and acts ditferently in the various parts of the apparatus. 

In the sulphur-burner too high a temperature will volatilize the sulphur, and form “ flowi-rs of 
sulphur,” which collect in the first chamber. To avoid this evil, (he burner is built in the form of 
a high vault, with thin walls, and of larger dimensions than necessary, and in iiiaiiy works the loof 
and tlie front and back walls are made of iron plates. The iron bcd-plate should be at least four 
sqiuare feet for every one cwt. of brimstone burnt per twenty-four hours, and often twice or thrice* 
that size is given to it. The greatest degree of heat is reached immediately before the insertion of 
a new charge, and thus it may easily occur that a part of the new charge be volatilized This mav 
prevented by damping the new charge beforehand. MTiile it is necessary to take e^re that tl.e 
temperature of the bed-plate does not rise too high, it is a]ually important to watch that other parts 
of the apparatus do not become too cool. ^ 

The specific ^vity of the gases passing up the vertical shaft on their way to the chambers 
will be lessened by the heat, and in consequence the draught will be increased by the influx of air 
The temperature in the chambers assists and hastens the formation of sulphuric acid, so Ion- 
as It IS n^ allowed to exceed about (10= C. ; in a much higher temperature the nitrog.n compound's 
may be r^nced to nitrous oxide, or even to nitrogen itself. Further, the gases iii the first cCmber 
must he kept at such a temperature (according to experience, about 40-50= C.) that the water not 
ye forming hydrate ( 4 H 0 S 03 ) may be maintained as steam, as its eondensat on weaTen C 
thtpr™ - - longer available to 

In confirmation of these remarks, it has been found that it takes longer to get chambers into 

weatner, ana that when the chambers have been subjected to cooling, either from atmn«nhi.e;., 
causes or from irregularities in the working, the acid produced at such a ime is < 0 !^ h« 
and contains more nitric acid. In cold climates, too, the relative eonsumptil of 
in Winter than in summer. Hence it follows also that in very small works fr becomes ^Zrf to 
ZZ P'Pf the kilns and the chambers, and often to place the 

themselves in a closed building, so as to protect them from the ill eifeets of the Lariio" to warm 
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climittts ouly can the crhaiiibers safely be left exposed. In small works, too, it is imperative that 
the moisture admitted to the chambers be really sleam, and not mere water os is sometimes the case. 

Drwtght and^-upply of The force of draught by which air is drawn into the sulphur- 

burner, and by which the kiln gases are drawn through the chamber system and out again 
(or what remains of them) into the atmosphere, has as much to do with the process as the 
temperature. This draught arises from several causes, hut principally from the stream of hot gasi s 
in the channel connecting the kilns and the chambers. As the specific gravity of sulphurous acid is 
more than double that of air, it may be imagineel that the kiln gases are not lighter than air. But 
it may be well to kmtw what is their real specific weight. As a basis for the calculation we must 
take the following figures. 

At a temperature of 0° C., and a barometrical pressure of 7G0 mine. 

1 litie of dry air will weigh 1'2932 grm. 

1 ,, o.xygen „ 1-4298 „ 

1 „ nitrogen ,, 1-25G2 ,, 

1 . „ sulphurous acid 2-8731 „ 

1 „ steam „ •804343 „ 

Now one volume of oxygen forms, with the amount of sulphur burnt in it, one volume of 
sidphurous acid, which requires a further half-volume of oxygen to form sulphuric aciil. Then 
for every 14 volumes of sulithuious acid containing 14 volumes of oxygen, there are required an 
additional 7 volumes of oxygen to form sulphuric acid. This oxygon, however, is introduced to 
the sulphui-buiuer as air containing 21 parts of oxygen and 79 parts of nitiogeii per cent. Tlien 
with each 14 + 7 = 21 volumes of oxygen there are also 79 volumes of nitrogen entering into the 
kilns, and thus the gas therein produced will consist, theoretically, of 

14 volumes sulphurous acid 
7 „ o.xygcn 

79 „ mtiogen 


100 


Experience tcaol.es that to get good woikiug results an excess of oxygen is needful, which may 
amount to about 5 per cent. 

If we represent the unknown volume of this excess of oxygen necesi ary beyond the 100 volumes 

79 

of gas mixture by x, then the amount of nitrogen added will lie — x. This must be added to the 


79 volumes of nitrogen which are intioduced by the 21 volumes of oxygen necessary to convert 
14 volumes of sulphur into sulphuric acid. Theiefore the united volume of nitrogen and oxygen 
required to be admitted to the kilns for every 14 vohmies of sulphurous acid so as to have an 

79 100 

excess of oxygen, will be : — 79 + t9-t--^a;. 


As X represents 5 per cent , or of t^is volume, we have then 

100 


1 , 100 \ 
®“20 21 V 


■ 79 , 5 

47 I = j 

•20 21 


Hence follows, ® or, -r = = 5 18 volume. That is to say, besides 

the before-mentioned theoretical volume of gases, there is an excess of 5-18 volumes of oxygen 

79 

needed, together wiih its equivalent of nitrogen, which will be 5-18. — = 19-50 volumes of 


nitrogen. 

'Ihe volnmo of gates formed in tlie burner and conducted thence into the chambers will be 
then composed as follows : — 

.a J’or eveiy 14-00 vols. sulphurous aciel — 

7*4- 5-18 = 12-18 „ oxygen, and 
79 4- 19-50 = 98-50 „ nitrogen 


• , ^ Total 124-68 volumes. 

Accordingly we may reckon that 1 litre of the gas l.at the following composition : — 
• 0-1123 sulphurous acid 

0-0977 oxygen 

• 0-7900 nitrogen 
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In conformity with the previously given table of the weights of the viirions gases at 0® C. and 
760 mme. pressure, we have in one litre of the gas: — 

0'1123; 2-8731 + 0*0977: 1*4298 + 0*7900; 1*2562 = 1*4547 gramme. 

The volume of the gases increases, however, with the rise of temperature in the ratio of about 

of the volume for every 1° C. Therefore a litre of gas at 0° C. becomes at C. (the pressure 

. . .. N , ^ 273 + 1 ... 

reinaming the same) 1 + litre. 

If we take the temperature of the gases in the vertical shaft at 100° C., which is certainly too 

low, we have j . 3603 pti-e from each litre at 0° C. and under the same pressure, which 

^ 273 

1 * 4547 

will weigh, according to the above calculation, 7 - = 1‘0647 gramme. 

1 * 0000 


For comparison we will now take the weight of one litre of air at 760 mme. pressure and a 
temperature of 20° C. One litre of air at 0° C. and 760 mme. weighs 1 • 2932 grm., and will measure 

273 + 20 

at the same pressure, and a temperature of 20° C., — — = 1'0733 litres. Hence 1 litre of 

I * 2932 

air at 20° C. and 760 mme. pressure gives a weight of jTQpjg = ^ gramme. 


Atmospheric air is therefore much heavier than the hot gases in the kiln. Even if we take 
the temperature of the air at an unusually high figure, for example, 35° 0. we still find that 
the kiln gases are much lighter than the air. The weight of the latter may be taken us 


273 + 35 
273 


= 1-1282 for 1 litre, or 


1-2932 

1-1282 


gramme. 


In this calculation it is not necessary to take into consideration the varying proportion of 
moisture contained in the atmosphere, because, by its great expansion in the hot kiln, it can only 
increase the difference between the weight of the kiln gases and that of the atmospheric air. 

In consequence of the fact that the gases in the vertical channel are lighter than the air 
outside, this air will rush into the kilns at a speed corresponding with the pressure exercised from 
below. This speed or draught increases in proportion to the lieight of the vertical shaft or channel, 
and it is thus advantageous to allow the latter to embouch into the chamber at as great a lieight as 
possible. As a superabundant draught is thus secured, the amount of air admitted to the kiln is 
regulated by suitalile ventilators according to need. 

A second cause producing a di aught is the formation of the sulphuric acid itself, for the space 
but lately occupied by the gases formiug the acid cannot remain a vacuum, but will be immediately 
refilled with new gases. The condensation of the sulphuric acid takes place during the circulation 
of the gases. 

A third promoter of the draught is the chimney or stack-pipe, through which the imcondensed 
gases from the last chamber escape into the air. As these gases contain the nitrogen collected in 
the chamber, and only 5 per cent, by volume of the heavy oxygen, and as these are saturated with • 
steam, which lessens their specific gravity, and are generally much warmer and can, at any rate, 
never he colder than the atmospheric air, they are necessarily much ligliter than tlie Litter. 

If none of tlie processes hereafter to be described be employed for recovering the nitric acid, 
then that gas will form an important constituent of the escaping volume, besides a small proportion 
of sulphurous acid, by which the specific gravity of the mass will be somewhat increased. Their 
Influence is, however, exceedingly slight, and may be altogether disregarded. 

A chimney or stack-pipe, as shown in Fig. 38 (K), with a height of 50 ft., will give a more than 
suflScient draught. In cold regions it is advisable to wrap non-conducting materials about that 
portion of the pipe which reaches above the roof of the building, so as to check, as much as possible, 
the evil effect of the cold. In some works the above-described chimney is replaced by putting the 
chamber-flue into connection with the main chimney-stalk of the works. But many manufacturers 
prefer to have a distinct flue-pipe opening into the free atmospliere, and furnished at the top with an 
open-ended cylinder for protection against the influence of the winds, bt cause in this way it is much 
easier to regulate and measure the draught than is the case when the chamber exit leads into the 
common stalk. At one time the gases will rush through the chamber system far too fast, and 
thus create an enormous waste. Besides, the draught is subject to much greater vacillation ii^tha 
common chimney than in a special pipe, because the temperature in a chimney can never be 
mamtained at one degree. hen, for any reason, the draught, which means the amount of air 
admitted, is not sufficient, it may be increased by opening the dampers which reflate the diameter 
of tlie passages through which the air has to pass. 

We hav e already said that it does not suffice to admit the exact quantity of air necessary for the 
conversion of the sulphur into sulphuric acid, but that to get good working 'results there should 
be an excess of oxygen amounting to 5 per cent, beyond that theoretically needeil. We have also 
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already seen that every 14 parts of snlphnrons acid containing 14 volumes of oxygen, and needing 
a further 7 volumes of oxygen for conversion into sulphnrie acid, besides the 5 '18 volumes of 
oxygen in excess, will need, 

14 7 + 5'18 + = 21 5-18 = 26- 18 volumes O 

79 + 19-50 = 98-50 „ N 


Or together 100 + 24*68 = 124 • 68 volumes of atmospheric air carried 

12*1 * 67 

into the chamber system. Hence for each volume of sulphurous acid — = 8-906 volumes of 
air are necessary. 

Now 1 litre of sulphurous acid at a temperature of 0^ C., and a pressure of 760 mme., weighs, 
as we have seen, 2 - 8731 grammes, and the sulphurous acid stands as, 

1 equiv. sulphur . . =16 

2 „ oxygen.. .. = 16 


acid at 0° C., and 760 mme. = 


1 equiv. sulphurous acid = 32, therefore 1 litre of sulphurous 
2*8731 

— 5 — ■ = 1-43655 grammes sulphur 


and 


1-43655 


oxygen 


Total 2 -87310 grammes. 


There are consequently for each 1 - 43655 grammes of sulphur used 8 - 906 litres of air required 
at 0° C. and 760 mme. Hence we find from the proportion, 1-43655 : 1000 = 8-906 : x, that for 

8906 

each 1000 grammes, or 1 kilogramme of sulphur, = 6199 litres or 6-199 cubic metres of 

A *4ob«)0 

air at 0° 0. and 760 mme. pressure, must be introduced into the sulphur-burner, which 
= 6199; 1-2932 = 8017 grammes, or 8-017 kilos. 

In order to calculate the volume of air introduced at other temperatures and pressures upon the 
bases given above, we must remember that I volume of the gas at 0° 0. gives at t° C. (the pressure 

273 4” ^ ( 273 i a 'y 

remaining the same) — volume, and makes at V volume — ’ ' — volume. 

A / O A 4 o 

» Further, it is known that the volumes of such gases stand in inverse proportion to the pressure ; 

accordingly the pressure of 6 mme. on the volume gives the volume -b *) V: 760^ 

^7o 273, 6 

according to the proportion 6 : 760 = ■ + whence it follows that x = -b QV; 760 . 

273 273; 6 

With the aid. of the above formula it is easy to reckon the volume assumed by any volume of 
air at 0° C. and 760 mme., under any variation of temperature and pressure. It shows, for example, 
that the 6199 Ktres of air at 0° C. and 760 mme. necessary for 1 kilo, of sulphur, have a volume at 
ono n (273 + 20) 6199 ; 760 293 ; 61 99 

^760 273 ' = 

The above proportions refer, however, to dry air, whilst the atmosphere is never free from 
moisture, which has a distinct influence upon the volume. In order to arrive at the correct figure, 
we must also take this moisture into consideration. 

When a gas under & pressure is saturated with water, its tension is lessened by that of the 
moisture, or 5 — -e, when the tension of the moisture is c, so that now the mixture of gas and 
moisture has the same tension which the gas alone had formerly. A.=^ the moisture reduces the gas 
the latter changes its volume in the inverse proportion of the tension. Then, from tlie volume 
(273 + i)V;760 , 

, when V is the original volume of the dry gas at 0° C. and 760 mme., we derive the 


new volume V' = 


(273+<)V; 760 


, through the saturation with moisture. 


273 (6 - 

Then from the formula wherein the increase of temperature and moisture makes the tension 
' • ^ (273 + 20) 6199 ; 760 293 ; 6199 ; 760 

17-3^ mme., we get 2^3(^^0- 17-391) = 273 ; 742-609 = 

The foregoi]|g calculations show then that for eacli kilogramme of chan sulphur burnt for the 
manufacture of sulphuric acid, the admission of the following air is necessary : 

• 6199 litres dry air at 0° C. and 760 mme., or 

6199 + 454 = 6653 „ „ 20° C. „ „ or 

6653 + 156 = 6809 „ air saturated with inoUtiire at 20^ 0. and 760 mme pressure. 
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The last 156 litres inciease allowe^l for the moisture of the aii’ is greater than is really ordinarily 
necessary, as the atmosphere is often not saturated with moisture. But as this increase is only 
2'3i per cent, of the volume of dry air, whilst about 24 '68 per cent, (or more than ten times as 
much) of excess air is introduced beyond the theoretical requirements, the changes in the moisture 
of the air and the differences in its volume resulting therefrom, have little effect upon the practical 
working. No further discussion therefore is necessary concerning them. 

From the foregoing observations it is self-evident that the volume of air required on the average 
for a certain consumption of sulphur will depend also upon the altitude of the woiks, which affects 
the B pressure. For example, the quantity of air will occupy 5 J per cent, greater space at Munich 
than at Marseilles. 

The admission of the minimum of air necessary is therefore easily managed. The fulfilment 
of this condition alone, however, is not enough to ensure good working, for harm may be done by 
the introduction of more than the above-indicated excess as well as by the want of air. The evils 
arising from an excess of air are not so great as those caused by a want of it, but still they are 
sufficiently important to warrant every care being taken to avoid them. Primarily, an excess of air 
does harm by reducing the heat of the gases, and thus interfering with the process. Then it fills 
a part of the chamber space unnecessardy and renders it useless. Finally, it acts injuriously on the 
formation of the acid by thinning the gases and weakening the energy of their chemical action. 
The regulation of the draught is one of the greatest difficulties in a sulirlmiic acid works, because 
of the daily changes in the condition of the atmosphere. Hence it is of primary importance for the 
manufacturer to take note of these changes, and immediately to lessen tire r effect on the process 
by opening or closing the dampers in the connection pipes, &c., and by regulating the doors and 
ventilators in the kilns. 

Though the admission of air will be reduced by shutting the outlet damper as well as by closing 
the kiln ventilators, still the two things arc not quite synonymous. By the first means the pressure 
inside the chamber will be increased for the moment, by the last it will be diminished. If the 
kiln ventilators be shut too much, the chambers will draw in air from the other end, unless the 
diira()ers there be comspondingly closed. 

The sectional area of the exit flue must always be in direct proportion to the size of the ventilators 
which admit air. In general the former is made equal to J of the latter. No rule can possibly be 
given respecting the allowances to be made for the changes of the atmosiihere, their degree can 
only be ascertained by actual experience with the works. In all well-administrated factories the 
escaping oxygen is measured as we shall indicate further on. 

Ti-e Steam . — The amount of steam admitted to the chambers must be regulated quite as care- 
fully as the air. We have already mentioned that in very hot countries it is not imperative that 
all the water introduced should be as steam in order to keep up the heat. Experience teaches us 
that the best results are obtained when the amount of steam injected is just sufiicieut, or but a 
trifle more than suflScient, to form 4 HO SOj or acid of 1 '55 sp. gr. (110° Tw.), at which strength 
chamber crystals do not form, and which absorbs far less nitric acid than does acid containing 
more water. To form the tetrahydiate 4 equivs. of water are necessary for every 1 equiv. of sulphur, 
forming 1 equiv. of sulphuric acid, or for 16 parts of sulphur, 4 x 9 = 36 parts of water, as the 
atomic weight of sulphur and water are 16 and 9 respectively. 

From this it may he estimated that for each kilogramme of sulphur 2 ‘25 kilos, steam must be 
introduced to the chambers. It is of the greatest importance for the success of tlie process that the 
steam should only condense in the mass of the gases existing in the chambers in order to form the 
tetrahydrate, for by the condensation of great quantities of simple water an unnecessary thhming 
or weakening of the acid is caused, and part of the nitrogen compounds withdrawn from action. 
Hence arises the question, how much water can exist in the chamber gases as steam ? This can be 
ascertained by the following calculation. 

On a pi evious page we have shown that from the volume V of a gas at 0’ C. and 760 mme. pres- 


sure, when saturated with water b mme. and at temp, t C. arose the volume V' = 


(273-f-OV; 760 


273 (6 - e) 

We have also seen that for each kilo, of sulphur burnt there are required 6199 litres of air at 0‘’\l. 
and 760 mme. pressure, the volume of which wiU not be altered by the formation of sulphurous 
acid. On saturation with moisture at the same pressuie and at a temperature of 50° C., which may 
be taken as the ordinary temperature of the gases entering the first chamber, these 6199 Irtre^of. 

gas with a difference of pressure of 92 mme. will give the volume - ^7^ “t* = 8345 litj.-. 

6 273 (760 - 92) 

of gas with a tension of 668 mme. Now 1 litre of steam at 0° C. and 760 mme. weigh#0 ■ 804343 grms., 

(273 4- O V’ 760 

and gives, according to the formula 273^"T a vjilumo of 


(273-1-50)760 
273 ; 92 


= 9"7739 litres. 
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According to the proportion 9 7739 : 0-804343 = 8345 : x, wc get 


0-804343; 8345 
9-7739 


686-8 grm. 


Therefore the steam needed for 1 Mlo. of sulphnr, yielding 8345 litres of chamber gases, which 
steam they at 50° 0. and 760 mm. can take np, is 686-8 grm. or -06868 kilo. ; while according 
to our former calculation altogether 2-250 kilos, of steam are necessary for this quantity of sulphur. 


From this it might be thought that for every kilo, of sulphur only 


686-8 

2250 


grm. of steam, or about 


30-5 per cent, of the necessary quantity, should be introduced at the commencement of the process. 
This conclusion would, however, be erroneous, because the excess of steam beyond the saturation 
point does not immediately condense in drops, but is conducted iu great part through the chamber 
system in the form of mist, in which state it probably assists in the formation of the acid. The 
amount of steam which spreads through the chambers in this state is not known. In the figures of 
works which we have given, the greatest part of the steam is introduced at a single spot near the 
entrance of the gases into the large chamber. In many works on the other hand there are several 
steam pipes leading to the large chamber. Occasionally they are not placed in the most advan- 
tageous spots, but only a little above the bottom of the chamber, and without taking into consider- 
ation the direction in which the gases are passing. The infiux of the steam should always be 
regulated in accordance vrith the directions pursued by the gases. 

In those works where the nitrogen compounds leaving the chamber system, are not recovered in 
the (Jay-Lussac apparatus, hereafter to be described, the steam is introduced generally into tiie 
individual chambers in such proportions that the last small chamber receives considerably more 
than is necessary for the formation of tetrahydrate, the acid being there produced at 32° Tw. 
and in the last chamber but one at 52° Tw. When working in this manner the steam that would 
be necessary for the formation of the acid in the large chamber must be reduced in proportion to 
the amount replaced by the superfiuous water contained in the acid flowing in from the small 
chambers. The object of this mode of procedure is to decompose the nitrous or hyponitrie acid 
obtained from the small chambers, and to form the greatest possible amount of nitric acid, which 
is again brought into use by the action of the sulphurous acid in the large chamber. It is by no 
means claimed that a great saving is effected by this plan ; it possesses rather a great defect, to wit, 
that the weak acid containing nitrogen compounds attacks the lead very energetically. Hence 
the strength of the acid in the last chamber should never be allowed to get below 32° Tw. 

Taking all things into consideration, it is probably more profitable so to distribute the steam 
among the chambers as to produce in each of them an acid containing not more, or very little 
more, water than the tetrahydrate. 

The introduction of the steam is far easier to regulate than the amount of air admitted 
especially when the chambers are worked with a slow draught. When once the steam has been 
raised to the proper pressure, and the taps have been carefully adjusted, it is only necessary to 
*keep the head of steam at a constant point. Much greater disturbances of the regularity of the 
process are likely to arise from an excess of steam than from a lack of it, because in the former case 
the gases oxidize a large quantity of the nitrous and hyponitrie acids, which condense as nitric acid. 
This may become so serious as to cause stoppage of the works. 

Want of steam, which acts injuriously by permitting the formation of chamber crystals, may 
continue for a long time without causing an actual interruption of the process, because they wilt 
be decomposed, and their nitrogen compounds recovered for use so long as there is acid on the fioor 
of the chamber. The want of steam may continue until the sulphuric acid has become so strong 
that it will no longer effect their decomposition. 

The Direction which the Gases follow through the Chamhers . — It is evident that upon the manner in 
which the chambers are arranged will greatly depend the passage and distribution of the gases through 
the chamber system, and that any tendency to check or hinder their fiow must he guarded against. 
Th^ gases rising through the substantially built fine from the kilns enter the chambers in a 
heated condition and gradually cool during their passage through them until they escape into the 
atmosphere at about its own temperature. As the gases become cooler according to the time they 
have remained in the chambers, one method of estimating the rate at which they are passin<r 
throagl^presents itself in the form of temperature observations at regular intervals. Observations 
of the temperature in the first chamber (D) of the series already described showed, at a point 
immediately under the ceiling at the end where the gases enter from the kilns, 53° (127° F.) and 
at the opposite en*, where they leave to enter the second chamber, 49° (122° F.). In the horizontal 
layer of gas at about 6 ft. above the bottom of the chamber an even temperature of 47° (116° F.) 
■wevailed Throughout the whole length, while at a level of about 4 ft. 6 in. a constant temperature 
of about 45J° (114° F.) was noticed. 
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According to these observations, then, the moment that the gases enter the ehamher they 
spread along nnder the ceiling and afterwards sink evenly over the whole expanse. We may 
therefore picture to ourselves the contents of the chambers as being so many horizontal layers of 
gas sinking slowly as their temperature falls, and being constantly replaced by new supplies. 

Following out this line of reasoning, a chamber was divided, as shown in Fig. 47, by a vertical 
partition a b, rising from about 18 in. from the floor quite up to the ceiling. In the two 
compartments thus formed the following tempera- 

tores were observed. Under the ceiling of the a/ 

first half, and just over the inlet pipe c, the gases 
had a temperature of 60° (140° F.), and at about 

18 in. above the floor, and near the partition 6, ^ 

they were 52 J° (126° F.). At the same height 
in the second part, and 18 in. from the partition, 

or say at d, they were only at 50° (122° F.X while at the top of this half, close to the partition, 
say at e, they reached 51i° (125° F.); hut at the opposite end, at /, oidy 48° (118° F.). In the 
level 5 ft. above the bottom, shown by the dotted line g h, at more than 5 ft. from the partition, 
a constant temperature of 46J° (1 15i° F.) was found. 

From the foregoing we must deduce the fact that as soon as the gases which have descended to 
the floor of the first part have passed under the partition into the second part, they ascend along- 
side of the partition directly to the ceiling, then spread themselves anew along the nnder surface 
of the ceiling, and thence descend regularly, so that in the neighbourhood of the partition there 
are two currents, one ascending, the other descending. The nature of gaseous bodies does not 
admit of the two streams being sharply divided, bnt where they impinge on each other they 
doubtless commingle to some extent, which is also shown by the fact that at the point d, 18 in. 
from the partition, a medium temperature of 50° (122° P.) was observed. 

It is evident, then, that the gases must be introduced just nnder the ceiling of the chamber, 
and they must escape at a point as near the bottom as is convenient. When the first condition is 
neglected, and the gases are admitted near the bottom, a great loss of draught is caused by the 
reduction of the height of the vertical kiln flue, and consequently a waste is incurred, because the 
gases are so slow in passing through the chamber system. When the gases from the first chamber 
are not drawn out below, but at the top, a very great loss is unavoidable. With such an 
arrangement the gases in the first chamber do not sink regularly, but a great part of them will 
stream just under the ceiling into the connection pipe and immediately into the second chamber, 
whilst in that part of the first chamber space lying below the exit, stagnation takes place, as it 
becomes more and more filled with nitrogen. An opportunity of observing how great this loss 
might actually be in practice was presented in a works in Tuscany, wherein the connection pipe 
left the first chamber near the ceiling and took the gases into the top of the second chamber. The 
working results obtained for a long time were so unusually bad as to amount to only 150 parts of 
monohydrated acid from every 100 parts of sulphur burnt during the period that the connections 
were left in this way ; yet the moment that a change was made in this respect, and the gases were 
withdrawn from near the bottom of the first chamber and admitted near the top of the second, the' 
product was increased to 285 parts per 100. 

It is therefore unnecessary to say that the lead-saving plan adopted by some manufacturers, in 
which lead curtains were suspended reaching alternately to the bottom and to the top of the large 
chamber, was built upon false principles. We cannot, however, recommend the arrangement of 
curtains in any disposition, on account of the rapid corrosion to which they are subjected. 

It is found more profitable in practice not to attempt to produce all the acid in one chamber, 
but rather to be content with allowing the majority to condense in a first chamber, and to convey 
the gases from the first chamber before they have become exhausted into a second chamber, and 
from this into a third, both of much smaller dimensions than the first, because they have to 
receive a much less volume of gas. With such chambers, also, the gases should always be 
allowed to enter above and escape below, and this is still more necessary when, as is usual fresh 
steam is admitted at each step, whereby their temperature is increased and their deqsity 
diminished, so that during their stay in the small chambers they undergo a new reduction in 
temperature and increase in density. 


4 ?. 


a/ 



^ The aWe-described manner of conducting the gases through the chambers is based on the 
increase of their density through cooling, and which is rhodifled in many ways by the cond»ns«*ioll 
of parts of the ps and of the steam. It will therefore be interesting to compare the densities of 
^ first chamber and escaping from the last, in order ta satisfy ourselves 

whetter the increase of then density really has anything to do with the course 5 the process. 

e ave a rea y seen that 1 litre of the dry gas, composed of sulphurous acid, oxygen, and 
nitrogen, found in the first chamber, weighs 1-4547 grm. at 0° C. and 760 mm. B. Further 
we have found that the volume derived from V at 0° C. and 760 mm. B, when saturated 
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with steam at i° C. and 6 mm. is V' = when e is the tension caused by satnration 

" 270 {b — e) 

with steam at <° C. Finally, we have shown that the temperatui'e of the gases immediately after 
entering the first ehamber is at 50° C., and that this temperature is equal to 92 mm. Whence we 
know that each 1 litre of the gas at 0° C. and 760 mm. B. in the first chamber will be increased by 

(273 + 50): 1; 760 


the saturation with steam at 50° C. to V' = ■ 


: 1 • 346 litre. 


273 (760 — 92) 

As 1 litre of steam at 0° O. and 760 mm. (weighing 0-804343 grm.) produces at 50° C. and 


92 mm. a volume of 


1 : (273 + 50) 760 


= 9-7739 litres. Then, according to the proportion 


273; 92 

9-7739 : 0-804343 = 1-346 : x, each 1-346 litre of steam at 92 mm. weighs 0-1108 grm. The 
total weight, therefore, of 1 -346 litres of gas at 50° C. and 760 mm., and saturated with moisture, 

1 * 5655 

is 1-4547 + 0-1108 = 1-5655 grm., or 1 litre of the gas mixture weighs , = 1-163 grm. 

1 -o4o 


We have now to reckon in the same way the weight of the gases which leave the last chamber, 
containing the superfluous oxygen and nitrogen in the dry proportion of 0-05 litre oxygen and 
0-95 litre nitrogen in each litre, but saturated with moisture. To be sure that we do not make 
their specific gravity too high we will take the temperature at 20° 0., as it is generally lower. As 
at 0° C. and 760 mm. 1 litre of dry oxygen weighs 1-4298 grm., and 1 litre dry nitrogen 
1 - 2562 grm., then 1 litre of the mixed gases at the same temperature and pressure will weigh 
* 0 - 05 : 1 - 4298 + 0 - 95 : 1 - 2562 = 1 - 26488 ; 1 - 2649 grm. But taking into consideration the tension 

r273 -4- 20V 1 ‘ 760 

17-391 derived from the saturation with steam at 20° C., we have 7 ^ 1 ) ~ ^ 

Also 1 Utre of steam at 0° C. and 760 mm., weighing 0-804343 grm., becomes at 20° O. and 

'*17-391 mm . ^ ^ litres. Then, according to the proportion 

27ot IT'oyi 


46-902 : 0-804343 = 1-098 x, 


each 1-098 litre of steam weighs, at 17-391 mm., 0-0188 grm. Then the combined weight of 
1-098 litre of the gas at 20° C. and 760 mm., and saturated with steam, = 1-2649 + 0-0188 = 

1*2837 

1 * 2837 grm., or 1 litre of tliia compound weighs =1*169 grm. It is therefore heavier than 

the 1 litre of steam-saturated gas mixture on its entering the first chamber, whose weight, as we 
have seen, was only 1 • 163 grm. 

There are a few points bearing on the above calculations which must not be overlooked. It has 
been taken for granted that the gaseous mixture leaving the chambers contains no longer any 
sulphurous acid, whereas in practice that gas is never completely converted, and some small 
proportion always remains uncondensed. This fact, the influence of which is trifling, can only 
increase the density of the escaping gas^ for each of the gases forming the compound is far 
lighter than sulphurous acid. This cannot therefore in any way disprove the foregoing conclusion. 

Further, the nitrogen compounds cannot be correctly estimated, because as yet we do not know 
for certain whether nitrous or hyponitric acid is contained in the chamber gases, and because no 
reliable examination of the density, &c., of the vapours of these acids has hitherto been made. But 
it must be observed that, theoretically, the nitrogen compounds are not consumed, but should 
^cape unchanged &om the chamber process ; in. that c^e, in consequence of the cooling to which 
they are subjected in their passage through the chambers, they could certainly only effect an 
increase of the difference between the densities of the entering and escaping gases. It is an 
absolute certainty, however, that one portion of the nitrogen compounds is lost and withdrawn 
from the ^seous mixture during the process, and this may be thought to exercise an opposite 
influence upon the conclusion arrived at. The following remarks will, however, show that the 
Tnaximnm effect possible from that source is much too small to throw any doubt upon the conect- 
ne8s*bf the conclusion stated. 

In good working, the proportion of nitrate of soda used 100 parts of sulphur burnt never 
exceeds 7 parts. This means 3*79 parts of hyponitric acid per 100 parts sulphur. For each 
kyogramme of sulphur there are then 37*9 grms. hyponitric acid, which, as vapour at 0° C* 
and 760*mni., make 18*3 litres, because the ascertained weight of one litre of this vapour is 
2*0715 grms. Now we have seen that for each kil<^rainme of sulphur burnt, the mass of gas 
produced at 50° C.® and 760 mm., and saturated with steam, is 8345 litres, and in this volume 
there are 18 * 3 litres of hyponitric acid. It is evident tiierefore that no contradiction nor modifica- 
tion of theftbove conclusions can be produced by the action of the nitrogen compounds. 

JHoisitM of the labour , — As it is most important that the conduct of the process should 
be made as consttot and regulw as possible, the daily consumption of sulphur is divided into 
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24 portions, one of which is added every hour. If the nitric acid he derived from the decomposition 
of nitre with snlphnrie acid in the sulphur burner, this is apportioned in the same way. 

The sulphur and nitre should he weighed out by the foreman daily, and be placed in suitable 
vessels, within handy reach of the kilns ready for use, hut the sulphuric acid may be left to the 
judgment of the “ kiln man,” to be added as required by means of a leaden cup of the proper 
capacity. It is advisable that the acid used should he about 110° Tw., in order that it may 
thoroughly liberate the gas. 

We have already suggested that the sulphur should be damped a little, so as to prevent its 
volatilization. The workman spreads the charge of sulphur next to be used on a board floor and 
then sprinkles over it an amount of water in proportion to its weight. It should be turned over 
once or twice so as to become well moistened. This is done just before charging, and then the nitre- 
pot is prepared as already described, so that everything is in readiness for charging. 

As one hour is not always enough to completely liberate the nitric acid from the nitre, the 
nitre-pot is left in the burner during the combustion of two charges of sulphur, so that there are 
constantly two nitre-pots in the oven. Before the introduction of each charge the nitre-pot which 
has been longest in the oven is withdrawn, and the sulphur ashes are cleaned out with a rake from 
the bed of the furnace. As soon as the kiln is cleaned a new portion of sulphur is introduced on 
a broad iron shovel. Then the fresh pot containing nitre and sulphuric acid is put in and the 
door closed. The sulphate of soda formed is taken out of the pot, while yet warm and soft, with 
an iron spatula or spoon. 

When ready-made nitric acid is used, and, as described, is allowed to run directly into the 
chambers, the labour at the kiln is reduced to cleaning out the kiln, preparing the sulphnr, and 
charging it. 

In the works we have particularly described, the “ kiln man ” had also to took after the steam 
boiler. Care must be taken that the pressure of steam he not allowed to get down. The augmen- 
tation or diminution of the steam admitted to the chambers may he easily managed by simply 
varying the pressure in the boiler, instead of regulating the taps throughout the whole series. 
When, however, it is necessary to alter the steam admitted to an individual chamber, the tap 
leading to it must be the means employed, while the pressure is allowed to remain unchanged. The 
work is carried on day and night, two workmen changing shifts with each other, and each working 
12 hours. Certain modifications of the process will be necessary until such time as the chambers 
have reached the correct temperature and are working well. In order to bring.things into their 
normal condition as soon as possible, the sulphur-hnmer is first heated by fire, which is easily 
done by the fireplace z, shown in Fig. 39. When no such fireplace is provided, the fire is placed 
in the burner itself, and the smoke is conducted away by an opening made for the purpose, as 
during the heating the vertical connection between the kilns and the chambers is discontinued. 

When the kiln is hot enough, the proper communication is remade, the hole walled up, and the 
operation commenced. It is as well, at first, to give the kUn double charges of dry sulphur, in 
order to raise the temperature more quickly. The process is also brought much more rapidly into 
good order if a double quantity of nitre be used for the first day or so. At the commencement of 
the process, the moisture contained in the ordinary atmospheric air admitted is allowed to suffice 
for assisting the formation of the acid, and no steam is admitted, as while the tempeiature of the 
chambers is so low it will condense very fast without forming any corresponding amoimt of acid, 
and will at the same time cause the condensation of a certain amount of nitric acid. For this 
reason steam is not admitted until the commencement of the formation of chamber crystals. At 
first only very little is introduced, and gradually more and more until the correct limit is arrived 
at. Whilst expecting the formation of chamber crystals, the little stoneware plug placed in the 
wall of the first chamber opposite the gases entrance, is taken out and examined from time to 
time, as the crystals settle on it immediately they begin to be produced. 

Manufacturers are agreed that at the commencement of the process the bottoms of the chambers 
should be covered with acid of a certain density in order to bring the working into good order. 
This holds good especially when it is necessary to have a certain amount of liquid on the floora of 
the chambers in order to cut off their communication with the outer air, for which purpose Water 
shoidd not be used, but acid of such a strength that it will not decompose the nitrons and hypo- 
nitric acids. When the sides of the chamber are “ burnt,” or fastened to the bottom, there is no 
need for covering the floor with any liquid at all, but we strongly disapprove of this plan. 

Until the apparatus has reached the proper temperature, the formation of the acid anti conden- 
sation of the gas proceed slowly, and in consequence the draught is slow and the sulphur requires 
longer to bum than under the normal conditions. At first, therefore, the onflow damper and the 
ventilators which admit air are put wide open, and only reduced to the proper adjustment as the 
process of the burning improves. , 

It is of the highest importance that in each of the working processes — ^burning the pyrites, the 
introduction of the steam^and nitrous acid into the chambers, the regulation of the draughts and the 
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working of the towers — ^the utmost possible uniformity be attained. All defects and irregularities 
of workmanship sbonld therefore be detected and remedied at once, and in order to effect this, the 
fire following points require careful and unremitting attention ; — 

1. The strength of the acid produced. 

'2. The amount of nitric acid contained in it. 

3. The escaping gases. 

4. The amount of sulphurous acid in the gases. 

5. The oxygen contained in the escaping gases. 

The three first receive attention in almost every works, whUe the two last are only attended 
to in the best managed establishments. 

1. The Strength of the Chamber Acid.— The strength of the acid on the chamber floor is 
tried daily in order to see whether it remains constant. Clianges taking place in the process, 
however, cannot be noticed in this way until long afterwards, since the amount of the newly-formed 
acid is so small as compared with that already lying there. In order to check variations as rapidly 
as possible, the strength of the acid dripping from the connection pipes is regularly noted four or 
six times daily. From the strength of these drips the changes taking place may be very readily 
seen. These are not due solely to alterations iu the steam, but also to such causes as the want of 
air or nitric acid. 

In the ordinary manner of working, when the amount of steam admitted to the large chamber 
is only suflicient to form tetrahydrate, an acid will condense in the pipe connecting it with the 
second chamber containing leas water and more nitrogen compounds, and consequently several 
degrees stronger than the acid formed in the chamber. If the acid made in the first chamber is at 
112° Tw-, in the second at 52° Tw., and in the third at 32° Tw., the liquids condensed in the pipe 
connecting chambers 1 and 2 will, as a rule, be at 133° Tw., or 21° higher than in the first chamber. 
The acid formed in the connection between chambers 2 and 3 will show about 63° Tw., or 11° 
stronger than in the second chamber. The strength of the acid flowing from chamber 2 back to 
chamber 1 has something to do with the difference observable between the strength in No. 1 and 
in the connection between Nos. 1 and 2. So also the acid in the second chamber is weakened by the 
acid flowing in from No. 3. The acid formed in the pipe leading from the third chamber is never 
stronger, and is often several degrees weaker, than the acid in that chamber, as it is not thiimed 
by the influx of weaker acid from another ebamber. The strength of the acid condensed in 
the escape flue can only be stronger than that formed in the last chamber when a great quantity 
of uncondensed sulphurous acid is escaping, and thus maintaining the formation of acid in the 
flue. 

If the acid in the small chamber also be made at 112° Tw., then it is evident that the acid 
formed in the connection of these 
chambers will be some degrees 
stronger, and, like the acid drip- 
ping from the connection of Nos. 1 
.and 2, will contain dissolved cham- 
ber crystals. 

"With large chambers it is not 
sufficient to have drips only in the 
connection pipes, but the chambers 
themselves must be provided with 
what are called “drip-trays,” as 
shown in Fig. 48. A is a leaden 
vessel inside the ebamber, 2 ft. 6 in. 
from the bottom, and “ burnt ” on 
to the chamber waU. The acid 
caught in it flows by the pipe a, 
which pierces the chamber wall 
andtis burnt to it, into the cylin- 
drical leaden vessel B, where a 
hydrometer is floating. The vessel 
is fitted with a side pipe 6, entering 
nearth# bottom, rising higher than B, and provided at the top with a leaden funnel for catching 
the acid. In accordance with the laws of hydrostatic pressure the acid flows continuously in 
at the bottom of#B, and away again at the top by a little spout, falling into the cistern C, from 
whence it retmms to the chamber through a small tube. 

Thes^irip-tests show the strength of the acid actually being formed in the chamber itself to 
which they are attached, and in good working their degree of strength ought to differ only to 
a trifling extent from that of the acid on the floor. The usual small differences noticed generally 
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ficcur in proportion to tlie distance from the gases inlet, and as a matter of coarse vary in every 
different works, therefore it is necessary to find ont in each case what is the proper strength for 
each individual drip, in order to keep the working process at the best possible grade. 

2. The Nitric Acid in the Sulphuric Acid. — Besides trying the strength of the acid in the 
drips and in the chambers, it is necessary to observe how much nitric acid it contains. This may 
be done by a solution of indigo in sulphuric acid, the blue colour of which is destroyed if the 
amouut of nitric acid present be large. The teat is not very sensitive, and a very small proportion 
of nitric acid will not show itself at all, or only after a long time ; still it is sufficiently good for 
the purpose. When, however, it is desired to estimate very trifling proportions of nitric acid or 
nitrogen compounds, as for instance in connection with concentration in platinum vessels, to which 
we shall presently come, a much more delicate test must be used, such as the following ; — Some of 
the acid to be tested is poured into a glass test-tube held sloping, and then a little of solution of 
sulphate of iron is added. Concentrated sulphuric acid is now carefully and slowly poured down 
the inside of the vessel so that it shall float. Its great specific gravity soon causes it to sink bodily 
to the bottom of the vessel. K the acid contain nitrogen compounds, a hyacinth-red layer will be 
formed at the point of contact between the acid to be tested and the concentrated acid, and will 
become brown-red, and even black, according to the quantity of nitrogen compounds present. 

Under proper working, the acid formed in the first chamber should contain no nitric acid, but 
rather an excess of sulphurous acid, as may be ascertained by its smell. On the other hand, the 
acid in the small chamber, especially in the last, should hold nitric acid. If the acid on the floor 
of the large chamber smell strongly of sulphurous acid, the consumption of nitric acid must be 
increased, and it should only be diminished when the acid contains nitric acid in such quantities 
that the indigo solution is discoloured after some time. 

3. Examining the Gases . — A valuable means of controlling the operation is presented in the 
observation of the gases, which may be done by allowing small portions of them to escape at intervals 
through the luted openings made in the chambers for the purpose. The colour of the gases also 
may be distinctly seen through windows or glass cylinders in the chambers and connection pipes. 
From the appearance and smell of the gases, presence of nitrous and hyponitrio acids may be 
judged as easily as the sulphurous acid. The gases of the first chamber must be sulphurous, while 
in the others a relative proportion of nitrogen compounds will be easily recognized by the red 
colour. When the gases are colourless in the exit pipe, but appear red on escaping into the 
atmosphere, they contain nitrogen oxide, and oxygen is wanting in the apparatus. If, however, 
they look colourless or white on escaping to the air, the nitric 

acid admitted is not sufficient or there is some disturbance 
taking place in the process. 

Besides the foregoing observations it is well to pay attention 
daily to the small stoneware plug in the chamber wall opposite 
the entrance of the kiln gases, in order to note their composi- 
tion. On this plug any sublimation of sulphur or formation of 
chamber crystals will be immediately notic^. 

4. The Sulphurous Acid in the Gases . — -We have already seen 
that the gases entering the chamber should contain 0-1123 litre 
of sulphurous acid, 0-0977 litre oxygen, and 0-7900 litre nitro- 
gen in each litre, or about 11 per cent, by volume of sulphurous 
acid. This holds good in practice, and should be daily con- 
trolled. In some works a simple apparatus is used for examining 
tlm gases. In order to put it into communication with the 
interior of the chamber, the chamber wall is pierced and the 
orifice fitted with an indiambber plug through which is passed 
a glass tube. 

Fig. 49 shows this apparatus as consisting of three principal 
parts fitted to an easily movable wooden frame. 

An ordinary sugar-glass A acts as an absorbing vessel, a 
cylindrical metal vessel B, funnel-shaped at the bottom and 
furnished with a long narrow exit tube and tap a, serves for an 
aspirator, and a glass measure C permits the admeasurement of 

the water escaping from B. *— • — ? 

- Sl*^jessel A is tightly closed by a metal cover in which are two openings. Thiou<rh one 
IS inserted a brass tube b, bent towards the left at the top and furnished with a td|^ c, for the irarpose 
of making commumcation between the interior of the vessel and the outer air or the other mo^ 
of the pipe, or to di^nnect altogether the interior of.the vessel. Into the lower part okthis brass 
tube a glass tube d is cemented, reaching almost to the bottom of the vessel, but somewhat bent on 
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one side and drawn to a fine point at the end. The second opening e admits a short glass tube 
bent towards the right at the top. It is very important so to arrange this that the stopper may be 
easily taken out and put in, and it is better to make it air-tight by means of a screw, as this stopper 
must be withdrawn at each test, and will very soon wear out if it fits so tightly as to make an 
airtight joint of itself. The metal vessel B has a lateral tube, which may be connected with the 
tube / by means of indiarubber tubing. In the upper part is an opening g, closed with a cork and 
also with a screw cover to make it air-tight 

When it is desired to make a test of the sulphurous acid contained in a volume of gas, a glass 
or other tube is inserted into the chamber and joined to the pipe b by indiarubber tubing. It is 
most important that these joints be air-tight, so that no air may enter from without, for there is no^ 
means of discovering any accidental error in the teat. The vessel A is i or ^ filled with water 
through the opening e, and the vessel B is similarly filled moderately foil through g. From an 
ordinary Mohr’s burette some solution of iodine (containing 1 * 27 grm. iodine as iodide of potash in 
a litre) is added to the water in A, as well as some starch solution by which the water is rendered 
of a deep blue colour. When all the openings have been closed and the tap c so regulated that no 
air can draw into A, the tap a is opened and the water flows out until the vessel B is emptied. 
The tap a is then shut and the tap c opened, so that a communication is formed between 6 and d ; 
then a is opened, so that the water can only flow out very slowly, and the gas volume to be tested 
bubbles in through d, and rises through the coloured water. As soon as the sulphurous acid mixes 
with the water it turns the free iodine into hydriodic acid, and in time the liquid will be de- 
colorized, which may be very well seen towards the end of the process when it proceeds with 
great rapidity. The tap a is then shut as well as the inlet of the decolorizing matter. The 
passage e is opened and a measured volume of the iodine solution is admitted to the vessel 
A, which also assumes a blue colour. After closing e, a is cautiously opened ami so much water 
allowed to escape that the fluid in the pipe d, which bad been reduced to the level of that outside 
by the opening of e, is drawn to the point of the tube; a is then quickly shut, all the liquid hitherto 
caught in C is thrown away and the empty vessel replaced. Thereupon a is reopened, and the 
water flowing away causes the gas to be slowly sucked through A till decolorization again ensues, 
when the tap a is shut and the volume water run into C is measured. 

The risk of sulphurous acid going away unabsoxbed is certainly so small as not to enter into 
the calculation. 

If it be desired to make a further test, a now measure of iodine solution can be introduced without 
trouble, and the operation recommenced immediately. When several repetitions have been made it 
will be observed that the liquid in A when decolorized will colour itself anew after a time, because 
it has then come to contain so much hydriodic acid that it decomposes of itself and free iodine is 
liberated. The liquid must then be poured out of A, and the vessel be refilled with clean water 
containing a little starch. Such a test can be made in a very short time when the gas is rich in 
oxygen. 

When the volume of gases is found to contain much more tlian 11 per cent, of sulphurous acid, 
• the draught must be increased, and in the opposite case it must be reduced. 

5. The Oxygen in the Escaping Gases. — We have already seen that the gases escaping from 
the chambers should contain about 5 per cent, by volume of oxygen and 95 per cent, of nitrogen. 
Fixing the amount of this proportion in practice may often assist very materially in regulating the 
process, and will serve as a check upon the estimation of the sulphurous acid, and to some extent even 
render it unnecessary. A very simple arrangement is in use for absorbing the gases which gives 
results sufficiently accurate for all ordinary purposes, though not absolutely so. The volume of 
gases to be tested, which consist, besides oxygeu and nitrogen, of some steam and a small proportion 
of snlphnrous acid and oxides of nitrogen, is generally aspirated from the exit flue of the ftfit 
chamber by the agency of a vessel alternately filled and emptied with water, A small gasometer 
may be conveniently used for the purpose, and should be furnished with a tap for regulating tho 
outflow. In lieu of this, in some works a small bellows made entirely of indiarubber is used, hold- 
ing an exactly ascertained volume of the gas, which it is made to give up by closing the inlet, opening 
th€» outlet, and squeezing the bellows together, A simple hollow indiarubber ball fitted with 
tubes and which may be squeezed in the hand, answers just as well. In using this it is first tightly 
compressed in the hand so as to eject all the air, then it is put into connection with the interior of 
the flue by passing the indiarubber tube over the glass tube in the flue, and the hand is opened, 
the^ftnent the pressure is removed the ball fills with the gas. The ball is filled and emptied 
several times in succession in order to be sure that no air remains, but that it is entirely filled with 
gas, and finally t|e tubes are shut with pinchcocks. 

The inclosed gas is now put into a graduated glass cylinder surrounded by water in a pneumatic 
trou^ fqr examination. By the passage of the gas through the water, the small portion of sul- 
phurous acid and the traces of the nitrogen compounds contained in it will be absorbed. The 
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volume of the remaining gas is then noted, and a small stick of phosphoms on a wire is introduced 
into the cylinder above the water level. After twenty-four hours the phosphorus remaining 
unoxidized by the oxygen is removed, and the volume of the gases is estimated anew. The 
difference is the volume of oxygen. As the absorption of the oxygen by the phosphorus only takes 
place at 12° C., and under certain conditions not till a temperature of 15°-20° C. is reached, it is 
necessary to notice at the commencement of the operation whether the phosphorus becomes coated 
with a film of phosphorous acid, and, if needed, the water must be warmed. 

A concentrated alkaline solution of pyrogallate of potash is now more generally used than 
phosphorus. Such a solution absorbs a considerable amount of oxygen. According to Dobereiner 
1 grm. of pyrogallic acid in an ammonia solution absorbs 260 cc. of oxygen. In the process, the gas 
to be tested is collected in a graduated cylinder over mercury and the solution added. 

When estimating the oxygen by pyrogallate of potash, it is advisable to allow the gas to he for 
some time previously in contact with a solution of bichromate of potash, whereby the sulphurous 
acid is turned into sulphuric acid, and the binoxide of nitrogen and the nitrons and hyponitric 
acids are converted into nitric acid and completely removed from the volume of the gas. 

By employing such testa as these in conjunction with a constant regulation of the draught and 
temperature it is jmssible to render the process almost exact, and in the event of irregularities 
occurring they can he checked immediately they commence. When, however, such irregularities 
are allowed to continue for a long time their rectification is more difficult, as by reducing the 
formation of sulphuric acid the relative proportion of sulphurous acid is abnormally increased. 
This causes an interruption of the draught and the temperature rises in the kiln in consequence, 
till at last the sulphur sublimes. When the mischief has once got so far, there remains no cure 
but to stop the working and recommence anew. 

In watching the conduct of the process it must not be forgotten that various causes will show 
similar symptoms. Thus the reduction in strength of the acid may be caused as much by a 
cessation of production as by an excess of steam. A check in the draught may also be due to 
reduced formation of sulphuric acid as welt as to atmospheric influences, or to stoppage of the 
pipes and connections through which the gases pass. The conversion of the sulphurous acid into 
sulphuric acid may be hindered as much by want of air consequent upon slow draught as by 
excess of air from too strong a draught. This evil may also be due not only to excess of steam 
causing a condensation of the nitric acid from the volume of the gases, but likewise to a lack of 
steam permitting the combination of the nitrous acid with the sulphuric acid to form chamber 
crystals. All these causes may reduce the strength of the chamber acid. 

Eecoveey op the Nitrogen Compocnds. — The fact that nitrogen compounds are absorbed by 
sulphuric acid of a certain strength, furnishes us with a means of recovering a portion escaping 
unused in the exit gases, and which may be re-used in the process. For one method, and that 
by far the most generally used, of applying this fact we are indebted to the celebrated Gay- 
Lussac. 

Fig. 50 shows a vertical section, and Fig. 51 a ground-plan, of the Gay-Lussac “ absorbing ” 
tower. It consists principally of a leaden tower K, 25 ft. high and 5 ft. 6 in. in diameter, . 
placed in a wooden frame in the same way as the chambers. The cover or roof is not, how- 
ever, burnt to the sides, but is made movable. It is composed of a board frame covered with 
sheet lead, and having a border burnt on all round. This border fits into a gutter which is made 
in the topmost joist of the framing of the tower, and over which the side lead is drawn. This gutter 
is filled with acid and the joint thus luted. At the bottom of the tower a sort of grating of fire- 
bricks is erected. These are arranged in parallel rows, and form channels about 1 ft. 6 in. 
hi^. They are crossed by others at right angles, leaving spaces of about 2 in. broad through 
which the ascending gas and descending acid can freely pass. The tower is packed with pieces of 
hard coke, resting upon the grating and reaching close up to the inlet pipe N, these pieces being 
largest at the bottom and gradually decreasing in size towards the top. Three manholes are 
made in one side of the tower, in order that the coke may be more easily introduced. These are 
closed with wooden doors covered inside with sheet lead and made tight with putty. The gases 
pass from the last chamber through the pipe J into the tower, traversing the damper tox L, wMch 
is provided for the purpose of deflecting the gases through the pipe M, so that when repairin<r or 
refilling the tower the work need not be stopped. In that case the damper 5 is opened while” is 
shut. On the other hand, when b is shut and c is opened, the gases pass through the short pipe d 
under one side of the tower, and spreading themselves among the channels in the grating 'risf up 
through the coke in the tower, while at the same time acid of about 149°-150° Tw flows down 
and absorbs the nitric acid from the gas, and flows out at the bottom of the fewer’ having the 
same composition as a solution of chamber crystals. The denitrated gases escape at N and M 
passing anoUier damper box which is only intended to be used while the damper e is closed to cut 
off communication between the tower and the pipe M, when the gases are to be conveyed directly 
into the air and not through the tower. The nitro-sulphuric acid flows from the tower through the 
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pipe /, seen in the gronnd-plan, into a cistern E, whence it is taken to the so-called “ denitiating ” 
tower, when the nitric acid is re-eliminated, as we shall presently describe. 

In some works the absorbing tower is placed quite close to the denitrator, which stands near 
the first leaden chamber vinto which the nitric acid is introduced. This necessitates the gases 
from the last chamber being taken through a very long pipe to the tower. The check thus 
created to the draught is nrobably the reason why it has been found necessary with this arrange- 
ment to have the pipe Mm connection with a chimney. We have already stated that such an 
arrangement is sometimes adopted, and is, in fact, almost universal in this country. In the other 
case, it is better to put the absorb- 
ing tower in the immediate vtoinity 
of the last chamber, so that the 
* gases have only to pass a short 
pipe. With this arrangement it is 
not necessary to take the gases into 
a chimney, they may be conveyed 
away simply by the pipe which is 
seen at P. 

In order to observe the colour 
of the gases as they enter and leave 
the tower, glass windows are placed 
opposite each other in the two 
damper boxes L and O, or a part 
of each of the two pipes J and N is 
fitted with a glass cylinder. Before 
entering the tower the gases should 
appear orange-coloured, afterwards 
colourless. It is of importance in 
the foregoing process, that the sup- 
ply of acid for absorbing the nitro- 
gen compounds shall be precisely 
regulated so that it may distri- 
buted evenly over the coke, other- 
wise with even an excessive supply 
of acid, the gases may still escape 
without surrendering their nitrous 
acids. A special apparatus there- 
fore is required. This apparatus consists 

of two leaden cisterns S and T, and a 51. 

delivery vessel g at the top of the tower. 

•The acid is generally forced into the cis- 
tern S by an air force-pump. The acid is 
collected below in an air-tight iron cistern 
lined with lead, and upon it air is forced 
until the acid rises up an escape pipe from 
the bottom. A part of the ascending pipe 
is seen at A. The acid enters the cistern 
S through a leaden rose, which detains all 
solid bodies which may have accidentally 
got into the acid, and can be removed for cleaning. The acid passes from S through a leaden 
pipe into the smaller cistern T. The infiow to this second cistern corresponds with the out- 
flow by means of an automatic arrangement, consisting of a leaden float hanging from one arm 
of the balance k, by the rising of which the other arm is depressed and closes the exit pipe. The 
pipe*/ is only to prevent any chance of the acid overflowing in consequence of an accident to 
the balance. The acid runs from T to the coke-packed tower K, through the intervention of the 
delivery apparatus. 

Formerly this delivery apparatus consisted of a simple tumbling trough, such as we have 
a&eaily flescribed. The quantity of acid required is so small, however, that the intervals between 
the discharges from the trough were found to be too long, and too much acid was delivered at a 
time. The apparatus also easily becomes disarranged. For these reasons it is now discontinned 
in most works. 

Anothqir plan, shown in Fig. 50, consists of four rows each of four drip pipes, equidistant from 
each other and fastened securely into the cover of the tower. These pipes are furnished at top 
with a funnel, and underneath are bent up and down so that the snspended liquid cuts off com- 
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nnuucation with the outside air. The acid is Mnveyed from the cistern T through the PiP® ® 
the drip tubes, the pipe o being divided into tiro branches, each passing between two rows o* 
drip tubes and provided vrith branches and taps, so that each drip tube is suppUed with acid from 
a special tap. Thus the supply of acid depends upon the adjustment of sixteen taps. It is, 
however, very difficult so to regulate each tap that the amount of acid received by each drip tube 
is exactly correct. The tubes also are very liable to become choked. 

The method now in common use, alike in this country and on the Continent, is an adaptation 
of the principle of the turbine. The top of the tower is divided into low-walled compartments, 
each furnished at bottom with a luted exit pipe. Two pipes descend from a small hopper and 
are bent round in such a way that the acid flowing from them causes them and the hopper to 
revolve. The acid falls on fireclay tiles inside the tower and then splashes over the coke. 

Instead of the tower packed with coke in many Continental works, another arrangement is 
adopted, shown in plan and elevation in Figs. 52 and 53. It consists of thirty to forty stoneware 



jars k, about 3 ft. high. They are connected with pipes of the same material placed in the necks c 
and plastered with putty. In order that the gases may be acted upon as much as possible, they 
are led through the jars, where they come into contact with acid of about 150° Tw., with which the 
jars are one-third filled. After giving up their nitrogen compounds to the sulphuric acid they 
escape at d into either the draught pipe or the chimney, as the case may be. 

For convenience in filling the jars, furmels h can be inserted into their necks /, descending 
almost to the bottom of the jars and thus preventing the escape of gas by the acid lying there. 
The acid is drawn off at the taps g. In order that the acid may absorb as much nitrons gas as 
possible, it is allowed to remain twenty-four hours on each row of jars. The first row is emptied 
daily, and refilled with the acid taken from the second row, the second row is supplied from the 
third and into the third fresh acid is put. It is convenient to put the second row at a higher level 
than the first, and the third higher than the second, so that the acid may flow from one row tj> 
another without trouble. The jars of the highest row are filled from a cistern standing above them. 

A modification of this plan is comprised of large saucers a. Fig. 54, covered with bells h and 
joined together by pipes c. This arrangement possesses the advantage that each portion of the 



apparatus is lighter and cheaper, and that the acid can run fium one to anothfr, terrace-like, in a 
direction opposite to that of the gases. 

In order to procure for further use the nitrons acid thus entrapped, it must be liberated from 
the sulphuric acid. Formerly this was done by letting the mixed acids flow into the largest 
chamber near the gases entrance. The operation is now more effectually performed in a small 
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chamber, as ahown in Fig. 55 (B). The mixed aoid^re first placed in the mstem' F and mn thwce 
throngh the tap e, which legolates the outflow, and Wen through the funnel-topped bent tube d into 
the chamber, which is furnished with horizontal leaden shelres over which the acid flows. These 


shelves are burnt to the walls of the cham- 
ber on three sides, and on the fourth, where 
tlie acid flows over, they are famished with 
low rims about 4 in. higfi to detain the 
acid. The gases msh immediately out of 
the sulphur burner into the small chamber 
through the pipe C a little above the bot- 
tom, near which at 6 the necessary steam 
is introduced, and escape from the top along 
with the nitrons acid fumes liberated from 
the nitro-sulphuric acid through the pipe E 
into the large chamber, whilst the deni- 
trated acid flows into the basin of the 
chamber by the pipe c. 

The above-described apparatus is use- 
ful when the nitrous acid supply is derived 
from the decomposition of nitre in the kilns. 
It is, however, almost entirely gone out of 
fiishion. A more common form of deni- 
trator is the following, known in this 
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country as a “ steam tower.” 

In Fig. 56, representing snch a tower, 
part of the side wall is removed, in order 
to ^ow the interior of the apparatus. It 
consists of a cylindrical-shaped tower, of 
strong sheet lead, put together in three 
pieces, which are burnt together at a and 
6, the whole being 12 ft. high and about 
3 ft. in diameter, and standing on a solid 
foundation. The bottom A is also of sheet 
lead. Four strong iron bands o help to hold 
the structure firmly together. In order to 
protect the lead from the effect of the hot 
acid, it is provided with a casing of hard- 
burnt fire-bricks, so formed and arranged 
that they lie quite close one upon another. 
JChe joints are made with fine pipe-clay 
cement. On the top of the cylinder a 
basin C is fixed, resting close down upon 
the uppermost tier of the brickwork. The 
nitro-sulphuric acid flows through the 
leaden feed-pipe D, placed in the middle 
of the basin. The disengaged sulphurous 
acid finds its way to the chambers through 
the stoneware pipe E, which is fixed tightly 
in the basin. Sometimes this pipe is covered 
with an outside coating of lead to prevent 
the mischief which may arise from a break- 
ing of the pipe from any cause. The steam 
is adimtted at the bottom of the cylinder 
by the pipe F at such a height that the 
month of the pipe remains higher than 
the level of the sulphuric acid which collects 
at tht^lMtom. The pipe is supported, sur- 
roimded, and covered with fire-bricks in 
such a manner thijj spaces remain for the 



free passage of the steam and the acid. Above this flints are packed, reaching nearly to the 
summit of Jhe tower. Those at the bottom are about as large as a man’s fist, and decrease in size 
as they rise tiU they are no larger than nuts. Instead of flints sometimes broken remains of hard 
burnt stoneware v^sels are used. 
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The nitib-snlphtirio acid flowing in from s^e, trickles down through the flints and is decom- 
posed by the steam which it meets, whUe theWrated sulphurous acid streams in a gaseous form 
through the pipe E into the chamber. The sulphuric acid, weakened by the condensed water, 
flows away at the bottom of the cylinder through the pipe G into the cistern H. This outlet pipe 
is so bent that the acid lying in it shuts in the gases. -j j • ii. 

As we have before remarked, the steam should be so adjusted that the acid made in the 
chambers may contain a little more water than the tetrahydrate, or 1’55 sp. gr. ; when much 
stronger it will hold chamber crystals in solution, when much weaker it will cause a decomposition 
of the nitrous acid. These facts teach ns that the proportion of water present has an important 
influence upon the process. If, for instance, the gases from the last chamber are brought into 
contact with sidphuric acid containing so much water as to equal more than 4 equivs. of water 
to 1 equiv. of acid, no nitrous acid will be absorbed, and only a little nitric acid arising from the 
decomposition of the nitrous and hyponitric acids. With perfectly dry gas the acid may be 
tetrahydrate or 1 -55 sp. gr. Generally acid of 150° Tw. is now used, because it can be concentrated 
to that degree in leaden pans. As it has been found, however, that acid of 170° Tw. absorbs 
nitrous acid far more readily and to a greater extent, viz. three times as much as acid of 145° Tw., 
it becomes a question whether the extra cost of concentration to that strength in glass or platinum 
would not be repaid. At any rate it is advisable so to- regulate the conduct of the manufacture 
when working witli a Gay-Lussac tower that the gases from the last chamber shall be as dry as 
possible. In this case the steam to the last chamber should be so reduced that the acid made in 
it too will show 110° Tw. If, however, the steam be admitted to the last chamber in such a degree 
as to produce acid of only 52° Tw., the gases must be dried as much as possible before leading 
them into the tower. This may be effected by allowing them to circulate in a long channel J, 
as shown in Fig. 37, in which a great part of the moisture will condense as weak, somewhat 
nitrous, sulphuric acid, whicli may be run into the last chamber. 

To perfectly carry out the idea of the Gay-Lussac tower, the amount of steam must be very 
carefully regulated, and further success depends greatly upon the proportion of oxygen in the 
chamber gases, which must be so great that the nitrous acid cannot possibly be reduced to lower 
oxide which is not absorbed by sulphuric acid. To fulfil these requirements the excess of air we 
have already indicated must not be diminished. But even when both the preceding conditions 
are fulfilled the success of the process is not ensured ; in fact, so many small trifles need rigorous 
attention, that the process is extremely diflBcult of accurate adjustment, so much so that many manu- 
facturers hesitate about erecting the expensive plant necessary. 

We have already said that it is atUl doubtful whether the nitrogen combinations in the 
chambers are as nitrons or as hyponitric acid, as we know that either of them may be formed, and 
even both may exist in the gases at the same moment, and their state probably depends upon the 
proportion of the sulphurous acid to the oxygen. Even if hyponitric acid be absorbed by the 
sulphuric acid, still we have seen that it forms a very weak chemical combination with it, and that 
the hyponitric acid is given up very freely on subjection to heat, and even at ordinary temperatures 
it escapes rapidly in red fumes. The affinity between nitrons acid and sulphuric acid is, on 
the other hand, very great, and these two acids form, as we have seen, a definite and fixed form. 
It is therefore easy to understand that the Gay-Lussac process will not succeed when the 
gases contain only hyponitric acid, which does not admit of reduction to nitrous acid. This may 
happen when, in the desire to work the chambers well, the escaping gases having only the normal 
excess of oxygen are quite free from sulphurous acid. In proof of this it is found that in each case 
when the Gay-Lussac tower works well, the escaping gases stUl contain a small proportion of 
sulphurous acid, which either prevents the oxidation of the nitrous acid to hyponitric acid, or the 
already existing hyponitric acid is reduced to nitrons acid by the action of the sulphuric acid 
despite the presence of oxygen. 

From these observations it will readily be believed that the saving of nitre effected by the 
Gay-Lussac towers varies considerably in different works. With first-rate manipulation the 
nitrous sulphuric acid should contain 3i per cent, of nitrous acid. Winkler found at one works, 
when the acid was used at 145° Tw., that it contained about 2^ per cent, of nitrous acid. tThe 
analysis shows the following composition : — 

Sulphuric acid 60" 200 

Water 37-191 • 

Nitrous acid 2-550 

Nitric acid -256 ^ 

Organic colouring matter -022 
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In Older to find out with ease and approximate iprectness the amount of nitrons acid contained 
in the nitro-sulphuric acid, according to one plan the nitro-sulphuric acid is poured from a burette 
into a titrated solution of chromate of potash, until the pure green colour of chromium oxide is 
produced by the decomposition of the chromic acid. The known quantity of oxygen which the 
chromic acid thus gives up serves to convert the sulphurous into sulphuric acid, and at the same 
time, from the amount of nitro-sulphuric acid used, the proportion of nitrous acid can be readily 
calculated. 

Many of the drawbacks attending the use of the Gay-Lussac absorbing tower are removed by 
having a Glover’s denitrating tower working in conjunction with the Gay-Lussac tower. 

Figs. 57 and 58 show such a tower of the smallest size for which plans are furnished, the dimensions 
being increased in accordance with the amount of work required to be done. This tower is the 
invention of Mr. John Glover, Newcastle-on-Tyne, who first tried to denitrate, and at the same 
time concentrate, the acid from the Gay-Lussac 
tower along with the acid from the chambers, in the 
year 1859. It has been gradually perfected until it 
has reached its present state. It has been generally 
adopted since 1869 and 1870, and no acid works can 
now be considered complete without it. The Gay- 
Lussac tower was of course in use long before the 
above dates, and the acid from that tower, after 
having absorbed the nitrogen compounds leaving 
the chambers, was denitrated by being run down the 
small leaden towers packed with coke, and into the 
bottom of which steam was injected, as we have already 
described. This of course at once reduced the acid 
in strength, consequently the nitrogen compotmds 
were given off and taken into the chambers. This 
plan compelled the reconeentration of the acid, which 
was done in leaden pans by surface heat at a large 
expenditure of fuel and heavy wear and tear of the 
pans, to say nothing of the annoyance of the acid 
fames given off during the process. This plan be- 
came so costly, and such a nuisance, that the Gay- 
Lussac tower fell into disuse, the expense of uphold- 
ing the pans and cost of fuel far exceeding any benefit 
derived from the saving of nitre. With the Glover 
tower, however, all the acid is easily and economically 
concentrated to a density of 145'’-155° Tw., and at the 
same time aU thoroughly denitrated, thus saving the 
whole of the fuel formerly required for concentrating 
acid for the Gay-Lussac tower, besides that used in the decomposition of salt for making sulphate 
of s^, as hot and strong acid is thus always at hand for the decomposing pans. All fumes given 
off in the tower of course go into the chambers. Objection is taken to the tower, in that some of 
the nitrogen compounds are reduced in it by the hot gases from pyrites burners to the lowei 
oxides, and even to nitrogen. The fact, however, remains that no worto having any pretensions to 
being worked scientificaUy are without the towers. Works in the Tyne district are working with 
2 and 3 per cent, of nitre on the sulphur actually converted into oil of vitriol 1'845 sp. gr. ; the 
latter is the outside quantity. Wear and tear of chambers is also saved by the gases entering sO 
much cooler. The gas from the pyrites burners enters the tower at about 700° Fahr. and leaves 
the tower at 160°-180° Fahr., taking with it all the steam due to the concentration which has 
taken place m the tower. The figure shows a leaden tower of oblong shape, lined with hard 
sdicious fire-brick, and packed with flints or flints and coke. It is placed, of course, at the end of 
the?.yntes-bumers, between them and the chambers. The hot sulphurous acid from the kilns 
enters, as shown, below a perforated arch, which carries the packing and meets the descending 
current of mixed nitro-sulphuric acid from the Gay-Lussac tower, and chamber acid which had 
pjevioudy been introduced at the top of the tower ; the gaseous constituents of the pyrites and 
sulphuric acids passing through a pipe to the chambers, along with all the steam and volatilized 
acid which are form^ during concentration. The acid issuing from the tower is sufficiently 
strong to be used %ain on the Gay-Lussac tower, and so on. The towers give no trouble, and are 
^sily worked. Cases have, however, occurred where they have not done so, but whenever this has 
happened dt has been owing to ignorance in proportioning the apparatus to the work required and 
M the invention is not patented, this has sometimes happened when towers are erected by 
incompetent persons.. 
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TJnder certain conditions, it may be convenient to nse other bodies than concentrated sulphuric 
acid for absorbing the nitrogen compounds. Knhlmann uses the ammoniacal liquor from gas- 
works, which is allowed to flow down a tower filled with coke, such as we have already described. 
The ammonia combines with the acid contained in the gases, and by allowing the solution which 
escapes from the tower to stand, the salt wiU crystallize out. The same manufacturer also uses 
carbonate of barium in jars, such as we have already described, by which is produced a white paint, 
known as “ permanent white,” sulphate of barium ; the nitrogen acids combine with the barium as 
a soluble salt, whence they can be recovered and the residue can be re-utilized. 

■WoBKiNG Eesults. — The Proportion of Sulphur used in regard to the Chamber Space. — ^We have 
already seen that theoretically a very small amount of nitrous or hyponitric acid is necessary for 
the formation of a very large quantity of snlphnric acid from a mixture of sulphurous acid, oxygen, 
and steam. But an absorption of this acid by the sulphuric acid constantly takes place, and there 
is a certain, but not as yet correctly estimated, time necessary in order to completely change a fixed 
volume of the gas mixture into sulphuric acid through the agency of the nitrogen compounds. 
The amount of sulphuric acid which forms in a certain time, or the volume of gas condensed into 
sulphuric acid in that time, is proportioned, up to a certain point and under equal conditions, to the 
increased consumption of nitrogen compounds. The time necessary for the conversion of a certain 
volume of gas into sulphuric acid will thus he diminished by increase of the nitrogen compounds, 
and augmented by their reduction. 

In a chamber space of certain size, constantly filled with a mixture of sulphurous acid, air, and 
steam, and to which a certain quantity of nitn^en compounds is added, only a small amount of 
the volume of gas can condense in a certain time to sulphuric acid, and this increases up to a certain 
point with the increase of the nitrogen compounds. The quantity of sulphuric acid made in a given 
time depends therefore as much upon the amount of chamber space as upon the nitrogen 
compounds provided. Other conditions being unchanged, it stands in direct proportion to the 
space or to the amount of the volume of gas with which that space is filled. It can be increased 
by an increased consumption of nitre up to a certain point, and similarly, this consumption can be 
reduced to a certain degree if the chamber space be increased. There are limits to these points in 
practical working, based as mnch upon technical as upon financial grounds. 

In the chambers we have described there are about 33,485 cubic feet (974 cm.) space, and with 
these it was found that the best working results were got when the amount of sulphur burnt in 
24 hours was not more, but not much less, than 3 lb. per 100 cubic feet (’5 kilo, per 1 cm.), 
under which conditions for each 100 parts of sulphur there were needed 6 parts of clean nitre, or 
4-45 parts of monohydrated nitric acid, or 8-24 parts of nitric acid, of I '340 sp. gr. at 15° C., or 
containing 54 per cent, of monohydrated acid. This daily consumption of sulphur could be 
increased to 3J lb. per foot without ill effect. In larger works generally much more sulphur is 
burnt in the same time and space. In this country it reaches, and sometimes exceeds, 5 lb, 
while in Germany and France it is seldom higher than 4| lb. 

Theoretically the 3 lb. per 100 cubic feet in 24 hours, or ’5 kUo. per 1 cm., is arrived at by the 
following calculation. We have already seen that for each kilo, of sulphur burnt, 8345 litres of 
gas at 760 mm. and 50° C., and saturated with moisture, are conveyed into the chambers ; then 
•5 kilo, sulphur produces 4172-5 litres of gas per cubic metre, or 1000 litres space— that is to say, 
the formation of the snlphnric acid from the gas introduced at the above rate of consumption will 
occupy about 5| hours. 

The following calculations may serve to show the influence of the nitrogen compounds upon 
the production of the acid. One hundred parte of sulphur require for their conversion to 200 parts 
of sulphurous acid 100 parts of oxygen from the air. These 200 parte of snlphuroas acid need a 
further 50 parts of oxygen for their conversion to sulphuric acid, from which is lost by the 
reduction of the 3-812 parte of anhydrous nitric acid (derived from 6 parts of nitre) to 3-247 parte 
hyponitric acid, only -565 part, and but 1-129 part is lost in reducing this to 2-683 parte of 
nitrous acid. 

On the supposition that the nitrogen compounds exist in the chambers as hyponitric acid, the 
amount of oxygen taken from the air for the conversion of each 200 parte of sulphurous adtd to 
sulphuric acid =50 — 0*565 = 49*435 parte, while each 3*247 parts of hyponitric acid only 
contain 2*259 parte of oxygen. The hyponitric acid therefore permits the combination of the 

sulphurous acid with a volume of oxygen from the air which is = 21*9 times as«^*i3aths 

its own contents of oxygen. 

On the supposition that the nitrogen compound exists as nitrons acid? the 200 parte of 
sulphurous acid will take 50 — 1*129 = 48*871 parts of oxygen from the air, whilst the 2*683 
parte of nitrons acid only contain 1*695 part of oxygen. Then the nitrous acid a-iables the 

4S*871 

volume of oxygen taken from the air to be ^ =28*8 times as great as its own volume of oxygen. 
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Consumption of Nitre, or Nitric Acid . — When the consmnption of sulphur takes place in the 
proportion we have indicated, and the process is well conducted, the amount of nitre necessary^ 
per IdO parts of sulphur will be about 6, or 3 ‘812 per cent, of anhydrous nitric acid. If the 
sulphur consumption he increased, or the conduct of the work he irregular, this percentage may 
easily be increased to 7‘5. 

market fluctuations and other causes sometimes necessitate an increased production, or that 
the chambers be “forced.” But it is never advisable to exceed the limits mentioned above, 
because, beyond a certain limit, the increased consumption of nitre, which bears a direct propor- 
tion to the increased product of acid, will have the effect of creating a rapid corrosion of the lead 
without any corresponding augmented yield of acid. On the other hand, it is not good to let the 
consumption and product fall too low, because the process then becomes retarded in several ways, 
especially through the cooling of the apparatus. 

When the nitrogen compounds are produced by the decomposition of nitre with sulphuric acid 
in the kiln, it is essential to take care that all the nitn^enons gas be liberated. To ensure this 
there must be an excess of acid. Generally the proportion is 2 equivs. acid for 1 eqniv. nitre, by 
which the alkali is formed into a bisulphate. So large a proportion of acid is not absolutely 
necessary, however, for all the nitre will be decomposed by IJ part of acid when the right 
temperature is maintained. Hence 1 equiv. nitre requires ‘72 eqniv. monohydrated sulphuric 
acid, or 1‘12 equiv. tetrahydrate acid, or at 1‘55 sp. gr., which is the strength at which it is 
commonly used, as it may then be drawn direct from the chambers. With this proportion | of the 
base will be made into simple sulphate and } will be bisulphate. Nitre 1 part gives theoretically 
mixed sulphate of soda ‘ 95 part. This corresponds pretty well with the practical result, as 100 
parts nitre give 90-93 parts. The difference is owing to mechanical loss. 

Commercial nitre nearly always contains a quantity of common salt. This, as well as the 
moisture, should always be estimated, and a corresponding increase of nitre be used. The salt 
must always be ascertained, which may be easily done by a titrated solution of silver. The best 
brands of nitre contain less than | per cent, of salt ; often 2-3 per cent, is met with, and sometimes 
the article offered in the market is so impure or adulterated as to consist of 30 per cent, of salt. 
Nitre containing much more than 3 per cent, must be purified before use by recrystallization, 
because the chlorine which is otherwise formed attacks the lead of the last chamber when present 
in large quantities. 

In the neighbourhood of alum works, it is sometimes possible to get nitrate of potash instead of 
nitrate of soda. Of this an increased proportion must be used, I peurt of nitre being equal to about 
1 ‘ 19 part saltpetre. 

Wheu great care is exercised in passing the gases firom the last chamber through a Gay-Lussac 
absorber, one half of the nitre consumed may be recovered, thus reducing the percentage by weight 
from 6 to 3. 

Three parts of nitre equal 1‘34 part nitrous acid, and as we have said, sulphuric acid at 
150° Tw. takes up 3J per cent, by weight of nitrous aciA Therefore 38 ‘29 parts of sulphuric acid 
ah 150° Tw. are necessary for the recovery of 1‘34 part nitrous acid, or 3 per cent, on the sulphur 
burnt. Often, however, this acid only reaches 112° Tw., though it appears highly probable that 
the extra cost of concentration to 170° Tw. would be repaid. 

The Maie of Acid . — When the chamber system is well arranged, the steam accurately adjusted, 
and the working regularly managed, only about 3 i)er cent, of the acid which can be made 
the(N‘eticaUy is lost. From 100 parts of sulphur are obtained 297 parts monohydrated acid instead 
of 306J, the possible maximum. These 297 parts exist in the chambers, however, in a weak state, 
viz, as 460 • 65 parts of tetrahydrated acid, or at 1 • 550 sp. gr., with slight modifications, being some- 
times made a little stronger, sometimes weaker. These 460‘63 parts tetrahydrated acid = 319‘35 
parts of acid at 1‘845 sp. gr. containing 93 per cent, of monohydrated acid. 

According to the figures we have given above, the daily consumption of these chambers will 
be about 9§ cwt. of sulphur, and 88J lb. of nitric acid at 68° Tw. = 8‘24 per cent, by weight of 
the sulphur, and the production will be about 44 cwt. of sulphuric acid at 150° Tw. or 30i cwt. 
at 170* Tw. 

When the nitrogen compounds are not derived from nitric acid, but from nitre and sulphuric 
acid in the kilns, 64 lb. of nitrate of soda (or 6 per cent, by weight of the sulphur) and 72 lb. 
snlj^huric acid at 112° Tw. wfll be required ; and about 58 lb. of sulphate of soda, of which | is as 
bisulphal^ will be formed as a bye-product. 

By.thoroughly good management of the Gay-Lussac process, one half of these nitrogen compounds 
can be saved. The dhily consumption will then be reduced to 44 lb. of nitric acid at 68° T w. = 4 • 12 
per cent, of the weight of sulphur, or to 32 lb. of nitre (3 per cent.) and 36 lb. of sulphuric acid at 
112° Tw, Ou the other hand, 29 lb. less sulphate of soda is produced. The operation needs, how- 
ever, 410 lb. daily of sulphuric acid at 150° Tw. 

For raising the necessary steam about 5i cwt. of good coal will be needed. When, however 
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a much larger cliamber system is supplied from one boiler, the consumption of fuel will not be 
proportionally increased. 

It is hardly necessary to state that the raw materials are always sold upon the basis of the 
proportion of useful matter which they contain. 

Acm FROM Sulphides. — We have already remarked that in comparatively recent times sulphur 
has been to a very great extent displaced by various metallic sulphides in the manufacture of 
sulphuric acid. Principally iron pyrites is used ; but in many places copper pyrites also, and even 
zinc-blende is so roasted that the sulphiuons acid evolved may be utilized for acid-making. 

In the manufacture from iron pyrites the acid is often the only product of value, and even when 
the resulting oxide of iron is economized the acid remains the chief product. Iron pyrites is now 
mined in many places simply for acid-making, where formerly it was altogether neglected. But 
there are many pyrites beds, especially in Spain, Portugal, and Norway, which contain a considerable 
proportion of copper. In many works this pyrites is used first as a source of sulphmr for acid- 
making, and the copper is afterwards recovered from the cinders by the wet process. 

For the modification, or more properly the extension, of sulphuric acid making hy the use of 
pyrites, we have to thank a king of Naples, wlio in 1838 gave the monopoly of the trade in Sicilian 
brimstone to a French company at Marseilles. Through the rapacity of the king and the company 
the price of brimstone was put at such an exorbitant figure that consumers immediately sought a 
means of relieving themselves of the burden. In consequence of this, the use of pyrites, which had 
already heen inaugurated both in England and several continental countries, came to be very 
quickly and generally adopted in the manufacture. When the threats of England had caused the 
withdrawal of the monopoly, and brimstone had returned to its normal price, the pyrites was in 
many cases given up again ; but in other places where the brimstone cost much on account of 
transport the use of pyrites was continued. The utilization of the sulphurous acid liberated in 
copper-smelting was not attempted till some years later. 

The sulphurous acid generated in the roasting of zinc-blende is utilized in few places for the 
manufacture of sulphuric acid, principally because the zinc-blende bums with considerable difiSoulty, 
and the heat generated by its combustion is not sufBcient to roast it completely. Hence a con- 
siderable additional heat must be supplied, and the roasting must be carried on in kilns which do 
not admit of such convenient economy of the liberated sulphurous acid as the ordinary form of 
pyrites kilns. 

The sulphur in pyrites costs so much less than native sulphur that it would probably have 
become the only source of sulphuric acid making were it not that all pyrites contains a certain 
proportion of arsenic, which finds its way into tlie sulphuric acid as arsenious acid. The elimination 
of this arsenic from the acid is very difBcult, and therefore acid which is required to be free from, 
arsenic is made in large quantities from native brimstone. Probably about f of the total product 
of sulphuric acid is from pyrites. The same apparatus may be used when pyrites are employed as 
with brimstone, except the kilns, which need to be especially constructed. 

In the mining of metallic sulphides, besides the large pieces, a great deal of dust is formed, 
and also in wet workings a large quantity of mud. These different grades require various forms 
of kilns for their treatment, or the dust ore may be burnt in the same kiln with the lump ore, if 
it be first made into balls or cubes about 2-4 in. in diameter. Sometimes it is necessary to 
separate all the dust from the lump ore by sifting, and the former is then worked up with soft clay. 
The plastic mass is formed into balls or cubes in the hand or in moulds, and these are then dried 
by the waste heat of the kilns. Occasionally the dust is moistened with weak sulphuric acid and a 
less proportion of clay used. The balls may be dried on iron plates placed on the top of the kiln flue. 
In this way they are rendered so hard that they crumble little more than the lump ore. The ad- 
mixture of clay has a great drawback, however, inasmuch as the decomposition of the clay towards 
the end of the process retards the burning so much that some of the sulphur is necessarily lost. 

The burning of the lump ore of iron and copper pyrites may be performed in small shaft kilns, 
first invented in this country. Their shape and size vary very much according to the nature of the 
ore they are intended to roast. Figs. 59, 60, and 61 show a kiln without a fire-grating, about 10 ft. 
high and 3 ft. in diameter. In the vertical view to the left of the line A B is seen the outside 
view of the kiln, and on the right of the same line a vertical section of the kiln on the line C D of 
the plan. Fig. 61 gives a vertical section of the lower part of the kUn on the line EP of the plan. 
The moulded and lump ores, which latter are previously reduced to about IJ in. in diafnSler, *are 
inserted through the opening a fitted with an iron cover, and after being completely burnt they 
are drawn out at the bottom at 5 6’ with iron rakes. ^ 

In order to lighten the labour, the sole of the kiln is formed as a cone rising in the shape cc and 
down which the ore easily runs. The air necessary for the combustion enters partlw at 6 6' ’and 
partly at the holes d in (he side wall of the kiln, which are closed according to need by pieces of 
brick. These openings also serve for tlie introduction of iron pokers when the mass needs stirring 
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or breaking up. This happens especially with copper ores which veiy easily sinter together. The 
height to which the kiln is filled depends npon the quality of the ore to be burnt. The more 
difficult of burning, the greater the quantity of ore necessary at a time. It is very important to 
be sure that sufficient air is admitted to fully bum off the sulphur of the upper layers. The gases 
pass through e into the leaden chambers. In many works they are taken first through a brick 
chamber where much of the dust mechanically carried in the gas is deposited. When the nitric 

60. 




IS aeriveo, rrom nitre and sulphuno acid, the pots containing the mixture are put through a 
close-shutting door into the channel where the temperature is high enough to produce dewm- 
position. 

When starting the kiln it must first be made red hot by means of an ordinary fire. Coal or coke 
^ay be used for the purpose, and these are introduced like the ore at a. During the combustion of 
ae ^1, the hole u remains uncovered to give a draught to the fire, while the channel e is shut by 
the damper / to prevent the coal smoke, &o., from entering the chambers. When the kiln is suffi- 
ciently hot, it is cleaned out, put again into communication with the chambers, and then fed 
^adually with ore in such a manner that each successive charge becomes thoroughly hot before 
the next is admitted. When the kiln has in this way been filled to the proper height with 
•glo^g ore, the work continues regularly, and the new charge is introduced every 12, 6, or 4 hours. 

The amount of ore which can be properly burnt in such a kiln depends upon the physical and 
c emical properties of the ore. To feed such a chamber system as we have described with sul- 
phurous acid, from two to six such kilns will be necessary, according to the amount of sulphur in 
e ore use . They are then built all together, so that one channel serves to conduct all their 
gases into a vertical shaft leading to the chambers. 

Ore which crumbles readily settles into such a compact mass in perpendicular-walled kilns that 
the draught becomes choked. In order to check this evil as much as possible, kilns for burning 
such ores are built with two walls sloping together towards the bottom, these walls being much 
longer than the other two. The great height of these kilns affords considerable advantages in 
bummg ores of slow combustion ; but they always possess the fault that the great mass at the 
tottom makes the draught very difficult to regulate and to supply in sufficiency. To overcome this 
de ect, they have recently been provided with gratings under which is an empty space or ashpit, 
intawhich the necessary air is admitted through a tight-fitting iron door furnished with holes. 

hig. 62 ^ows a view as well as a vertical section (through the line cd,de of the plan, Fio-. 631 
64 is a vertical section of the same through the line a b of the plan. ° The 
Shafts of this kiln is of much less height than that of the kiln shown in Figs. 59, 60, and 61 and 
13 muCW larger above than below. This kiln is well suited for ores which bum rapidly. The mineral 
m introduced from above at the opening /, which is fitted with a close-shutting cover. The with- 
drawal of the bur,* ore through the door h is facilitated by having the grate g which carries the ore 
arranged to be m a sloping position. Small fragments faU through the grating into the ashpit’ 

1 ^- ‘Ifongh the door i, which is furnished with ventilation 

holes. About 10 in. above the grating the front wall of the kiln is provided with a row of holes k. 
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in vliich are boxes fitted with round iron bars I. These can be used in breaking up the mass, and 
also serve to prevent the falling of the overlying mass while the spent ore is being withdrawn. 
The opening m provided with a door is useful for watching the process and for inserting an iron 
bar to stir up the mineral when that becomes necessary. The larger opening n (also shut with a 
door) can be used for the same purpose, and also for introducing the nitre pot into the channel C, 
when the nitrogen compounds are derived in that manner. The gases next pass from the channel 




C into the wide channel D, which in some 
worts is made 300 ft. long, and in which the 
dust as well as a great portion of the arsenic 
contained in the pyrites will settle. Any re- 
quired number of kilns may be put into com- 
munication with this flue, and their collective 
gases thus be taken to the chambers. The 
gutter E lying below the sole of the furnace is 
for protecting the kiln from wet. 

More recently, this kOn has been improved 
by letting the spent pyrites fall into the ash- 
pit. For this purpose, four-sided iron furnace- 
bars are used to support the mineral. These 
ate 1-1} in. in diameter, and have circular 
pieces turned on them at each end lying in 
semicircular hollows so that they may be made 
to revolve. In order that they may be. turned easily by an iron key, their ends project somewhat 
from the kiln wall The apace between each two bars is naturally greater when they lie square 
to each other than when at an angle. Thus the pyrites is crushed through by the revolution of 
the bars. With this arrangement the ashpit is made very deep in order to accommodate a great ' 
mass of spent ore at a time. Its mouth is closed with an iron plate pierced with holes for 
admitting the air. The plate is fixed and luted into the wall at each operation. 

In many French works such kUns are fitted at top with leaden pans for concentratino- acid to 
about 140° Tw. by the heat of the gases. With this disposition the ore must be introduced at a 
lateral opening. Such a kiln, with a grating area of 6 ft. x 3 ft. 9 in., is charged every three hours, 
or eight times daily with 1 cwt. of ore. 

At Chessy, near Lyons, in France, a great deal of copper pyrites is smelted, and the sulphurous 
acid is utilized by means of a kiln consisting of a hollow vault, 4J ft. long, 3 ft. wide, and 3} ft. high, 
enclosed by strong walls. Low down in one of the long side walls are four holes, equidistant from 
each other, each 8 in. wide and 11 in. high, shut by cast-iron doors, provided with numerous holes, 
of less than } in. diameter, for admitting air. An opening is left in the upper part of one of the 
short side walls through which the gases escape into the channel or fine leading to the chambers. 
This can be shut at will by a damper. c 

For feeding each chamber system sixteen Kins are needed, the gases from which are conveyed 
to the first chamber by a single flue, as the kilns are grouped into one body. This flue is fitted 
with a cast-iron pipe that takes to pieces for convenience in removal, and is only used for carrying 
away the smoke, Ac., when lighting up the kiln. * - 

To start the kilns each partition is furnished with such an amount of broken ore as will evenly 
cover the grating surface from the doors, up to a level of about 21 in. C 

After disconnecting the kilns from the chambers they are heated to redness with an ordinary 
fire. The Mhes, Ac., are then quickly raked out, each kiln is supplied with 1 cwt. of ore, and 
communication with the chambers is re-made. Three hours later, another 1 cwt. is introduced, and 
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this is continued regularly, so that each kiln receives 8 cwt. per twenty-fonr hours. This quantity 
can be roasted daily with proper working. After the kilns have been brought into condition the 
charge is only made once in twelve hours, each time with 4 cwt., and the spent ore is drawn out 
at the same time. As the mines yield ores varying considerably in the proportion of sulphur they 
contain, the rich samples are mixed with the poor, so that the mass burnt may be as uniform as 
possible. Until the Mn is going well it is good to use only rich ores. 

Much the same form of kiln is used also in Belgium, but they are larger and are furnished with 
grates. These are 22 ft. long, 6 ft. 6 in. wide, and 11 ft. 4 in. liigh ; the grate, formed of iron bars 
about 1 in. apart, has a surface of 143 square ft. and lies at about 6 ft. 6 in. above the sole of the 
kiln, so that it divides into two portions, an upper of about 5 ft. in height and a lower of about 
6 ft. 6 in. Into the lower space the air is admitted, and thence also the spent pyrites is withdrawn 
by means of a rake. The spent ore lies in the lower part till it ceases to glow, and is then with- 
drawn. In the top of the kiln are several holes through which tlie ore is introduced and is spread 
over the surface of the kiln with iron tools to an equable depth of 8 to 12 in. The gases leave the 
kilos through a broad flue in which the nitre and sulphuric acid are put for decomposition, and 
thence the mixed gases pass to the chambers. In such a kiln from 40 to 60 cwt. are burnt per 
twenty-four hours, introduced in charges from four to eight times daily. 

Pig. 65 shows a large set of kilns fltted with a nitre oven in the main flue, as devised and manu- 
foctnred by Messrs. E. Daglish and Co,, St. Helen’s Foundry, Lancashire. The long iron pipe is 
for the purpose of eoolnig the gases before they enter the chambers. 



Fig. 66 shows the front of a pyrites kiln as most commonly constructed ; these fittings are, how- 
ever, subject to endless variation, as few manufacturers employ kilns of the same height and shape. 
The ^e and position of the charging and working doors are also widely different in different works. 

Fig. 67 shows in detail the construction of the nitre pot, which remains stationary in the oven, it 
being periodically supplied with nitre and warm acid through a hopper, as seen in the preceding 
figure. The plug in the bottom of the pot admits of the sulphate of soda being run out, the acid 
supplied being always somewhat in excess, so as to ensure the sulphate of soda being sufficiently 
soft to flow out easily. 



We now come to kilns for burning dust pyrites. As the dust prevents the passage of air when 
disposed in thick 4»yers, it must be spread in a thin coating over which the draught can p-ass. The 
heat generated is so much lessened under the circumstances, however, that the combustion can 
only be niaintained by the assistance of additional heat from without. With this object the dust 
has been, till recently, burnt in so-called mufBe furnaces, having an enclosed roasting space, heated 
by fire on the outside. Such were also formerly used for roasting copper pyrites, and are still 
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employed for zinc-blende ; but they are no longer in use for treating iron pyrites dust for sulphuric 
acid making, as other and better plans have been devised. Muffle furnaces therefore are no longer 
to be found in vrorks where sulphuric acid is the chief product, but only where the sulphurous acid 
from the smelting of ores is applied to the manufacture of sulphuric acid as a bye-product. 

A plan common in Germany consists in dividing the kiln into two parts by a low wall, in 
each of which are placed four fire-clay plates 6 ft. long, 1 ft. 7 in. wide, and 4 in. thick, ranged 
at 8 in. distance one above another. Each of the eight portions of roasting surface is provided 
with a door 12 in. wide and 6 in. high, fitted with holes for the admission of air, by which the 
charge is introduced, and at the back is an opening, 4 in. square, through which the liberated 
sulphurous acid escapes into a vertical flue, 3 ft. long and 8 in. wide, in connection with the 
chambers. Tlie nitre pots are inserted in this flue. The whole roasting surface is made red hot 
by a coal fire ; the flame branches into all the flues, but re-unites at one, and escapes by a shaft. 

In many Belgian works the dust pyrites is roasted in muffle furnaces having a single fire-bed 
30 ft. long X 8 ft. broad. This is made of fire-clay slabs, 3 in. thick, supported by the side walls 
of the kiln and by several subsidiary walls, 4{ in. thick, and heated from below. In one of the 
long sides of the kiln three fireplaces are made, the he-at from which is divided and spread under 
the whole of the bed-plate. An arch is turned over the bed-plate so that the roasting space is 
16 in. high at the walls and 2 ft. 4 in. in the centre. At one end of the kiln is a pipe which 
conducts the gases to the chambers. Near this is an opening, that may be closed at pleasure, 
through which the kiln is charged, and at the opposite end, in the sole of the furnace, is a second 
opening, 8 in. square, through which the burnt pyrites is withdrawn from the ashpit into which 
it has fallen. This is shut by an iron door, perforated with holes for the admission of air. In one 
of the long sides of the roasting chamber foiu holes are made, at which the workman inserts the 
tool for raking out the spent dust before inserting each new charge. About five tons of dust can 
be burnt in this kiln per twenty-four hours, divided into six or eight charges daily, and spread about 
3 to 4 in. thick over the surface 
of the bed-plate. The with- 
drawal of the burnt ore and 
the introduction and spreading 
of the firesh charge occupy 
about one hour. Besides this 
the dust must be turned over 
about every half hour, which 
occupies ten minutes. It re- 
quires two workmen. 

In this country Spence’s 
kiln, as shown in Fig. 68, is 
chiefly used. The fire-lump 
bed c, 30 to 45 ft. long, is 
heated from below by a fire in 
the furnace-grate a, whilst the 
pyrites is spread out in a layer about 2 to 3 in. thick on the sole of the chamber d. The necessary 
air enters at the passage /(by which also the spent dust is withdrawn) into the roasting chamber, 
and the gas formed passes at g into the leaden chamber. The charge is introduced at the lateral 
hole e farthest from the fire, as the charge immediately before is turned over towards /, and thus 
leaves a space. The tools used for this purpose are inserted at the holes e, e’, e". By this process 
the ore is pushed, as it gets poorer in sulphur, always into a hotter part of the kiln, where also the 
air is richer in oxygen. Thus the burning of the last portions of the sulphur, which is generaUy 
so difficult, is greatly assisted, and with due care very little sulphur is left in the ore. 

At Swansea these kilns are generally about 30 ft. long, and are charged every two hours with 
about 10 cwt. of copper pyrites dust, which remains twelve hours in the kiln, thus daily 6 tons of 
ore are roasted. 

Among the newest forms of kiln for roasting dust ores is Gerstenhoefer’s, consisting of a tall 
shaft, while OUvier and Ferret’s furnace is intended for treating lump and dust ores at the same 3me. 

The former kilu is shown in Figs. 69, 70, 71, and 72. Fig. 69 is partly in elevation and partly 
in section along the line V V of Fig. 70, the latter being a part plan and a part horizontal section 
of the former along the line Y Y. Fig. 71 is a vertical section along the line X X of Pigsx70 ami 
72, the latter being a horizontal section along the line ZZ of Figs. 69 and 71. The maty, shaft of 
the kiln, formed of fire-bricks, is about 17 ft. high, 4 ft. 3 in. long, and 2 ft. 9 in. wide. 

Before charging the kiln it must be made white hot. For this purpose fire-bars must be put 
into the furnace o. Figs. 69 and 71, and the hole 1. which will have been opened for this purp^ 
is re-closed, and a strong fire is made in the grate. The necessary fuel is inserted at the openings e 
which may be closed with cast-iron doors. The lowest door b remains open to admit air. The con- 
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section of the Hln with the chambers is shut while the kiln is being heated, and on the other hand 
a side flue is opened through which the combustion gases escape. When the kiln is white hot the 
charging is slowly commenced. To keep the burning regular, the ore must be supplied as a dry 
powder of constant grade, and for this reason it is sifted before use. It is poured into the cast-iron 
box A, fitted with a wooden hopper, and which contains the apparatus for regulating the admission. 



This consists of two corrugated rollers, with ribs about 
I in. broad, 2 in. in diameter in the hollows, and Si in. 
in the ribs, made to revolve regularly by the worm d 
on the pulley shaft e. By the pace of these rollers, 
which at first is only one revolution in five minutes 
(thus taking seven hours to feed the kiln), the supply 
is regulated. The cover /, above the rollers, can 
be shut or opened at pleasure, and serves to protect 
them from the weight of the superincumbent mass of 
mineral. The ore taken in by the rollers is dropped 
^ into the slit g, which is shut by the ore lying in the 

half-cylinder h al*ve the rollers, so that no kiln gas can escape. From the slit g the ore falls on the 
fire^^lay prism f, and thence on both sides to a row of four prismatic fire-clay bars fe, whence it falls 
agam on,to seven such bars lying immediately below. Beneath are fifteen such rows, alternately 
SIX and seven bars, and so arranged that the bars above always correspond to spaces below, and 
the spaces above to bars below. The ore thus falls gradually to the bottom of the kiln B, which 
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Berves as a collecting space. As soon as the ore begins to fall upon the fourth row of bars 
counting from the bottom, the fire is suspended in the furnace a. Then the fire-bars are drawn 
out one by one, the holes left are walled up, the ashpit is cleared out, and the Min completely 
closed, save the openings necessary for supplying air. The gases are still allowed to escape for a 
short time, then the connection between the Min and the escape flue is altogether closed, and that 
leading to the chambers re-opened. Formerly hot air was forced into the kiln, but now cold air 
only is used in the roasting of iron and copper pyrites. For sulphides which burn with great 
difficulty, as zinc-blende, it is preferable to have hot air. The falling ore comes into contact with 
ascending air in such a way that, in consequence of the oxidization and desulphurization, it 
constantly finds air richer in oxygen, by which its complete roasting is much assisted. 

The sulphurous acid formed and the excess of oxygen and nitrogen from the air admitted leave 
the Min at the top through the flues m (wMch are furnished with closing doors n, for convenience 
in cleaning) into the main flue C, and thence through the dust chamber D into the leaden 
chamber. The openings o and p, shut with folding iron doors, are used when cleaning the main 
flue and the dust chamber. This last-named is roofed with iron plates, ou which the ore is dried. 
In the front wall of the kiln are openings q corresponding with the spaces between the bars. 
These are fitted with iron boxes r, pierced by round holes furnished with fire-clay plugs. These 
serve for watching- the progress of the roasting, and for the introduction of an iron scraper, should 
the spaces between the bars become clogged. It is well to see to this every three hours. Also 
occasionally the dust must be removed from 
the uppermost part of the kiln, where it accu- 
mulates. This is cfiTected through the holes e 
(Fig. 69). The form of the boxes and bars needs 
no further explanation than the view shown in 
Fig. 73. 

From two to five tons can be burnt daily in 
this Min. At this rate the pit B must be emptied 
every six hours. In order to reduce as far as 
possible the amount of air thus perforce admitted, the scraper or rake is introduced through a little 
opening formed in the door 6. In working the kilu four men are necessary, but they can manage 
more than one Min at a time. The result of the worMug depends greatly upon the care bestowed 
by the workmen in cleaning the spaces between the bars. In the proper conduct of the worMng, 
the greatest heat prevails at the upper part of the shaft, lower down it decreases to low red, whilst 
the lowest bars cease to glow at all. When air is admitted in too great quantity the heat spreads 
dovmwards, and when deficient it retreats upwards ; in the former case the Min becomes too hot, 
in the latter too cold. When the heat is too great the draught must be diminished, or the supply 
of ore increased, by augmenting the pace of the rollers. Should fritting of the ore ensue from 
too rapid combustion, the fault must be checked by substituting spent ore for raw in feeding the 
Min. 


V3. 
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It has been complained of this Min that a great amount of dust is produced in it, which is , 
continually choking the flues, and that the bars soon wear out. Prom the latter circumstance it is 
necessary to fire the furnace three weeks before charging, when starting the kiln, , so that the 
temperature may rise gradually to a white heat. Probably these difficulties account for the fact 
that when using pyrites simply for making sulphuric acid, manufacturers prefer Olivier and Ferret’s 
kiln, which we now proceed to describe. 

Fig. 74 shows a vertical longitudinal section, and Fig. 75 a vertical cross-section of this kiln, 
as arranged four in a group, thus forming an oblong quadrangle. The lump ore is burnt below 
in the space A, while the dust is roasted above on the seven fire-clay plates, about 4 in. thick, 
by which the kiln is divided. The under part A is furnished with a fireplace 6, which is made 
of four-sided bars that can be turned round, and through which the roasted ore falls into the 
ashpit C below, as already described. From time to time the ashes are drawn out at the opening 
e, furnished with a tightly shutting iron door. In this door, or better nearer under the fireplace, 
holes are made in the wall, through which the necessary air finds its way into the Min, and wjpch 
may be shut as required by clay plugs. The openings d, provided with iron doors, are used when 
charging the Min. The dust is spread on the clay slabs a about 2 in. thick, and is burnt by the 
heated gases arising from the combustion of the lump ore in the fireplace of A. These gases 
ascend through the spaces e left in the walls, pass over the surface of the clay plates as slv?^ 7 n by 
the arrows in Fig. 75, and then through the flue / to the chambers. The litfle holes i, stopped 
with clay plugs, allow the roasting of the dust on the slabs to be watched. The slabs are charged 
through the openings g, which can be closed with iron doors, and after perfect renting the dust is 
raked into the channel D which lies at the end of the slabs, and extends throughout the whole 
length of the kiln. This channel D must remain filled with spent ore during the proce^. When ^ 
a new charge is to be inserted on the slabs, the channel D is first emptied through the doorway h. 
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this is then shut, and the spent oie from the lowest slab is raked into the channel D, whose 
dimensions are so regulated that it then becomes filled exactly up to the level of the slab. The 
lowest slab is now supplied with fresh ore, the corr^ponding door g is re-shut, and the spent dust 
&om the second slab is raked into the channel D, which is thus filled just up to the level of the 
second slalx This is continued till all the slabs are supplied. In this kiln ores may be burnt in 
the proportion of thirty-five parts lump ore and sixty-five parts dust. 

74. ts. 



As the kiln gases have such a high temperature as to require cooling before entering the 
chambers, the heat thus evolved is sometimes utilized for concentrating acid in leaden pans as seen 
in the figures, or for beating the boiler which supplies steam to the chambers. 

Begulatmg the Operation. — As the percentage of sulphur contained in the material used has 
very much to do with the conduct of the operation and forms the basis of all calculations, its varying 
proportions must be ascertained. This may be done in the following manner : — 

Pelouze mixes 1 grm. of powdered ore with 5 grm. salt, 7 gnn. chlorate of potash, and 
5 grm. anhydrous carbonate of soda, fuses the mixture, and keeps it red hot for ten minutes. 
The sulphur will thus be reduced by the chlorate of potash to sulphuric acid, which displaces a 
certain part of the carbonic acid and unites with the sodium from which the carbonic acid has been 
evolved. The fused mass is dissolved in boiling water, and the proportion of carbonate of soda 
remaining is alkalimetrically measured. From the difference between the amount of carbonate of 
soda existing before the fusion and that formed atterwards, a simple calculation gives the equivalent 
of sulphur which was in the ore. When the pyrites contains quartz or silica, the solution in toiling 
,water is the more necessary, because in this case the alkaline silieates are not fully dissolved in 
cold water, and will also interfere with the alkalimetric estimation. This process, moreover, can- 
not be used for pyrites containing sulphates of alkaline earths, because these will be decomposed 
by the carbonate of soda. 

Another test consists in mixing 1 grm. of the finely powdered pyrites with 3 grm, anhydrous 
carbonate of soda and the same quantity of saltpetre. This is fused together in a mnfile 
furnace at a red heat, dissolved in hot water and the solution filtered into a beaker. The acid liquid 
is then boiled for a short time, and the sulphuric acid estimated, whence the equivalent of sulphur 
can be calculated. This estimation is performed by a solution of chloride of barium, so regulated 
that 1 oc. of this is equal to 2 per cent, of sulphur. 

Or, the sulphur may be determined by dissolving 1 grm. finely powdered ore with 4 grm. 
chlorate of potash in nitric acid. When the solution is completed, the liquid is diluted and filtered. 
The filtrate contains the sulphur as sulphuric acid, which may be determined by titrated chloride 
of bttrium solution. 

The amount of sulphur contained in the burnt pyrites must also be frequently tested in order 
to check the perfection of the burning in the kilns. The same processes may be adopted for 
that as we have already indicated for the raw ore, but the sample must be larger on account of the 
l^sen^ amount of sulphur. For instance, 5 grm. roasted ore may be mixed with 5 grm. 
carbonate of soda and 5 grm. chlorate of potash, without salt. 

The total amount of sulphur contained in an ore is never utilized, even with the best possible 
working, but a portion always remains in the cinders unbumk The proportion of loss varies greatly 
and depenjis upon the natural quality of the ore, the arrangement of the kiln, and the care bestowed 
on the rottsting. In hard, close-grained iron pyrites, and in copper pyrites, more sulphur is lost 
than &om the porous, gritty iron pyrites found in the coal measures. With the former, the air finds 
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BO mncb difBculty m piercing into the interior of the ore that towards the end of the roasting the 
further oxidation proceeds very slowly, and thus a portion of the sulphur must, be allowed to 
remain. Under the most favourable conditions the amount of the sulphur left in the ore may not 
exceed 2 per cent., but as a rule i per cent, is wasted. When the sulphuric acid is only formed as a 
bye-product in the reduction of metaUic sulphides, a very much larger proportion of the sulphurous 
acid is often allowed to escape up the chimney. 

In the roasting of pyrites a slight, variable amount of sulphuric acid is formed, free firom water, 
and this finds its way to the chambers with the kiln gases. Besides the sulphur the metals also 
wUl be oxidized, and the oxygen thus required will be admitted to the kiln as air, and the proportion 
required has a considerable effect upon the process. 

We shall now consider the points to be observed in working, in the same order as we have already 
done tor using native sulphur. 

The Temperature. — Through the oxidation of the metals contained in the pyrites, such an 
amount of heat is generated that the gases will be much hotter than when sulphur is used, rising 
even to 200°. For this reason, instead of it being necessary to check any tendency to cooling in 
the connection flues, it is absolutely necessary to cool the gases somewhat before admitting them to 
the chambers. This is sometimes effected by passing them up a donble-lined shaft formed of thick 
sheet lead, 30 feet high and 2 feet in diameter, into the outer casing of which cold water constantly 
flows at the bottom and escapes in a heated state at the top. An arrangement such as we have 
shown in Fig. 65 is more common, however, and nothing of the sort is needed when Glover’s 
towers are used. 

The Draught and Admission of Air. — ^The proportions of air required for the oxidation of the 
sulphur contained in pyrites vary considerably. We will see the proportion needed by bisulphide 
of iron or pure iron pyrites. This consists of — 

1 Equivalent Iron Fe = 28, and 

2 „ Sulphur 62= 32 

1 Equivalent bisulphide of iron . . FeS^ = 60, or 46| per cent, of iron 
and 53^ per cent, of sulphur. 

Though when burning hard iron pyrites all the iron is not oxidized to Fe^Oj, seeing that 
sometimes magnetic iron (FeO, 'Fefif) is formed, still we must calculate upon the complete oxida- 
tion of the iron normally, which is a point endeavoured to be attained in order that all the sulphur 
may be utilized. Then 2 equivs. or 120 parts of bisulphide require 3 equivs. or 24 parts of oxygen 
for the oxidation of the iron, and a further 8 equivs. or 64 parts of oxygen for the conversion of 
their 4 equivs. or 64 parts of sulphur to sulphurous acid. In all 11 equivs. or 88 parts of oxygen 
are thus needful for the roasting. Besides this, 4 equivs. or 32 parts of oxygen must be introduced 
for the conversion of the 4 equivs. or 128 parts of sulphurous acid formed into sulphuric acid. 

From the preceding it follows that — 

1. For every 1000 parts bisulphide of iron are needed : — 

€ 

200 parts oxygen for oxidation of the iron, 

533J „ „ formation of sulphurous acid, and 

266| „ „ conversion of sulphurous to sulphuric acid. 

1000 


2. That for every 1000 parts of sulphur used in the form of bisulphide of iron, the following 
oxygen must be admitted : — 

375 parts oxygen for the oxidation of the iron, 

1000 „ „ formation of sulphurous acid, 

500 „ „ conversion of sulphurous to sulphuric acid. 

1875 ^ 

As 1 litre of oxygen weighs 1 -4298 grm. at 0° C. and 760 mm., the above weights will equal 
375 grm. oxygen = 262 '3 litres, combined with 986 "7 lit., nitrogen as air. 


1000 

7J 

= 699-4 

»» 

V 

2631-1 „ 



500 

»* 

= 349-7 


tf 

1315-5 „ 



1875 


= 1311-4 


JJ 

4933-3 „ 

f 



Theoretically each 1000 grm. sulphur burnt out of the bisulphide of iron will require the 
admission of 1311 ’4 -1- 4933 3 = 6244 '7 litres of air at 0°O. and 760 mm. 
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To this an excess of oxygen must be added, and mannfacturers are agreed that a greater excess 
is necessary with pyrites than with sulphur, and that it should amount to 6" 4 parts by volume for 
each 93 '6 parts nitrogen escaping from the chambers, or 6’ 4 per cent, by volume of the mixed 
gases in a dry state. Let x equal the untnown percentage of excess oxygen which must be 

79 

admitted, and the volume of nitrogen from which it must be liberated ^ * litres. The amount 

of these two gases joined to the 4933 ’3 litres nitrogen introduced with the oxygen required for the 
formation of the sulphuric acid from the sulphur will give a volume of 

79 inn 

4933-3 + x + ^x = 4933-3 + — a. 




But X = of this volume, therefore we have x = (^4933-3 + = (x = 454-1). 

lUO lUl) y / 

Besides the theoretical 6244*7 litres of air necessary for every 1000 grms. or 1 kilo, of sulphur 
burnt from pyrit^ there are then 454*1 litres of excess oxygen necessary, which is combined 
454*1 • 79 

with ^ — = 1708*4 litres nitrogen ; that is, 2162*5 litres of air or a total of 8407*2 litres 

of air at 0° C. and 760 mm. We have already seen that each 1 kilo, of native sulphur requires 
6199 litres of air at O'^ C. and 760 mm. ; therefore, when the sulphur is derived from bisulphide 
8407*2 

of iron it needs = 1 - 356 times as much air. 

This proportion does not remain constant in the amount of gases admitted to the chambers. 
In burning pyrites, a part of the oxygen remains behind with the iron, while in burning brim- 
stone the total volume of air finds its way to the chambers without any change of volume, because 
oxygen does not alter its volume by combination with sulphur to form sulphurous acid. The 
8407-2 litres of air admitted to the kilns for each 100 grm. of sulphur from bisulphide will pro- 
duce an amount of gas passing into the chambers, as follows : — 


699-4 litres sulphurous acid, having the same volume as oxygen. 
349-7 „ oxygen, for conversion of sulphurous to sulphuric acid. 
454-1 „ „ in excess. 

4933-3 „ nitrogen, theoretically attached to the oxygen as air. 
1708-4 „ „ „ excess oxygen „ 


Total 8144-9 litres, 

of which 699-4 are sulphurous acid, 803-8 are oxygen, and 6641-7 are nitrogen ; or proportionally 
1 volume of the gas consists of 

0-0859 sulphurous acid. 

0- 0987 oxygen. 

^ 0-8154 nitrogen. 

1 - 0000 


In many works the sulphurous acid amounts to much less than 8-59, and is even under 6 per 
cent, of the gas volume. It is evident that in that case the amount of sulphuric acid formed in a 
similar chamber space will be reduced unless at the expense of an increased consumption of nitre. 

According to previously given scales, 1 litre of the above gas will weigh (at 0° C. and 760 mm.) 
0-0859; 2-8731 + 0-0987; 1-4298 + 0 8154; 1-2562 = 1-4122 grm., while 1 litre of the gas 
which passes into the chambers from the combustion of native brimstone weighs 1-4547 grm. 
The gas derived from pyrites is therefore lighter, and consequently creates a stronger draught than 
that from native sulphur. 

As the amount of gas conveyed to the chambers for each 1000 grm. of sulphur as iron pyrites is 
8144-9 litres, while that from 1000 grm. of native sulphur is only 6199 litres, then a certain weight 
8144-9 

of siflphur in pyrites produces = 1-314 times as much gas as the same weight of sulphur in 

a free state. 

The knowledge of this proportion is suflScient to enable the conduct of the process to be regulated 
irf thelSsme manner as we have already described for sulphirr. 

The Steam . — What has already been said regarding the admission of steam in the manufactnre 
from native sulplmr holds good also in this case. The supply, however, will vary because the 
volume of gas pr^uced from pyrites is 1-314 times as great as that formed by brimstone, and 
because under constant conditions of temperature and pressure, the amount of steam that can be 
contained in the gases is in direct proportion to their volume. Consequently 1-314 times as much 
steam may be used with pyrites. As we have seen that 30-5 per cent, of the necessary water can 

■ « 
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exist as steam in the gases, that amount will be increased with pyrites to 30‘5 ; 1*311 = 10*08 
per cent. 

The Passage of the Gases through the Chambers . — As the gases derived from the combustion 
of pyrites at the time of entering the chambers are lighter than those formed in the roasting 
of native sulphur under similar conditions, while on leaving the chambers they are somewhat 
heavier on account of their holding somewhat more oxygen, it is evident that the increase of 
weight in the gases during their passage will be even greater in the case of pyrites than in that of 
brimstone. The following figures will show the proportions. 

We have already seen that a litre of gas is increased in volume on its passage to the chambers 
to 1*346 litre as it enters the first chamber, and the weight of this 1*346 litre will be 1*5230 grm., 
or 1 litre wiU weigh 1*1315 grm. This 1*098 litre of gas leaving the chambers wiU weigh, 
according to preceding oalenlations, 1*2861 grm., or 1 litre will weigh 1 * 1713 grm. 

It is therefore evident that the same rule concerning the manner of conducting the gases 
through the chambers will hold good in this case as in that of acid made from brimstone. 

In some cases, however, where the gases are first taken through a flue several hundred feet in 
length, in order to deprive them of their arsenic to a certain extent, they become cooled to such 
a degree that, together with the loss in weight of arsenious acid, they actually become lighter 
instead of heavier, and in consequence it has been necessary, as at Freiberg, to construct the 
chambers on the opposite plan, the gases entering in each case at the bottom and leaving at the 
top. But the gases in this case enter the chambers at a temperature so low as 27° (80° F.), and 
it is a question whether the acid can be so beneficially made at that degree. Further, they cannot 
hold more than 10*5 per cent, of the necessary water as steam. 

Division of the Labour . — This depends entirely upon the elass of kiln used, and has already 
been sufficiently treated under each kiln which has been described. 

The “ observation of the process ” and “ recovery of the nitrogen compounds,” as described for 
the manufacture from brimstone, remain unaltered. 

Ifbriing Sesults. — In consequence of the fact that the same quantity of sulphur from pyrites 
produces 1*314 times as much gas as native sulphur, the chamber space will have to be 1*314 
times as great for the former as for the latter, or what comes te the same thing, the amount of 

sulphur burnt in the former case must be only of the amount of native sulphur burnt in 

X * 

a similar time. 

The dilution of the chamber gas with nitrogen, owing to the oxidation of the metallic portions 
of the pyrites, has an evil effect in necessitating an augmented consumption of nitre. Instead of 
6 per cent., which suffices for native sulphur, 10 per cent, upon the amount of sulphur oxidixed 
from the pyrites will be requisite. These 10 parts of nitre are equivalent to 7*41 parts mono- 
hydrated nitric acid, or 13*72 parts of nitric acid at 69° Tw. The proportion of thin which may be 
economized by the Glay-Lussac tower, remains the same as for brimstone. 

When the pyrites used contains 46 per cent, of sulphur, 4 parts of which are left in the cinders, 
the 42 parts of sulphur converted will yield about 128 parts of sulphuric acid at 170° Tw., that 
is, 100 parts of sulphur converted give 304*76 parte of acid at 170° Tw.-, or 283*43 parte of 
monohydrate. As the theoretical maximum possible make is 306*25 per cent, of monohydrate, 
the loss amounts to 7*45 per cent, besides the sulphur wasted in the pyrites cinders. Steving 
already given full instructions concerning the manipulation of a brimstone acid works, and also 
enlarged upon all the points in which the conduct of the process with pyrites differs from that 
with brimstone, and the precise degrees of those differences, it will be easy to deduce the figures 
corresponding to any desired scale of manu&ctory. 

KemovaIj op Aesenic fboh Sulphubic Acn>. — ^In many French works the sulphuric acid is 
freed from arsenic by sulphide of barium. The sulphate of barium formed falls to the bottom of the 
vessel with the sulphide of arsenic. In Germany, sulphuretted hydrogen gas is more generally 
used. At the ochre mines in the Harz Mountains, where sulphuric acid is made as a bye-product» 
and contains besides *11-*I4 per cent, of arsenious acid, *02-*05 per cent, of sulphate of lead, and 
smaller proportions of antimony, copper, iron, lime, and potash, the following method of purification 
is adopted : — 

The precipitation of the arsenic, lead, antimony, and copper is performed in a leaden pan about 
8 ft. long by 3 ft. 6 in. wide and 1 ft. 9 in. deep, in which the acid is diluted to abont 93° Tiw. and 
heated to 75° (167° F.). The dilution of the acid to that degree is considered advisable because 
stronger acid decomposes more readily with sulphuretted hydrogen. At the bottom of the pan lies 
a leaden false bottom, or tray, perforated with small holes, whose edges are turned down about 
2 in., so that the tray is suspended at about that height from the floor of the pan. The upper 
surface of the false bottom measures about 3 ft. 6 in. x 1 ft. Underneath it and mthin the 
down-turned edges, a leaden pipe is introduced by which the sulphuretted hydrogen gas is ad- 
mitted, and which streams up through the holes and into the supernatant acid. The pan is closed 
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by a leaden Inted coyer in which is a pipe for conyeying away the excess of sulphuretted hydrogen. 
The pan holds about 2 tons of acid, whose purification will be complete in about six hours. The 
completion of the precipitation of the arsenic may be recognized in that the acid then commences 
to assume a mUky appearance. Acid thus purified is said to contain but ’0003 per cent, of 
arsenic. 

The sulphuretted hydrogen required is prepared from sulphide of iron (produced by smelting 
280 parts of old iron with 115 parts of sulphur) and sulphuric acid of about 110° Tw. from the 
chambers. For this purpose four cylin- 
drical leaden vessels are used, about 14 in. 
in diameter and 18 in. in height In the 
arched cover of each vessel, besides the gas 
• pipe for carrying the sulphuretted hydro- 
gen to the pan, is an aperture for the in- 
sertion of the sulphide of iron which may 
be tightly closed by means of a screw and 
a funnel-topped bent tube for admitting 
the necessary sulphuric acid. For the 
purification of the 2 tons of acid which 
the pan holds, about 100 lb. of sulphide 
of iron and 110 lb. of sulphuric acid at 
110° Tw. are needed. 

At Freiberg, the precipitation of the 
arsenic by sulphuretted hydrogen gas is 
conducted in an apparatus by which the 
loss of this gas is much less than in the 
preceding method. It is also unnecessary 
to dilute the sulphuric acid to be treated, 
as it is not subjected to heat. Fig. 76 
shows a vertical section, and Fig. 77 a 
plan of this apparatus. A is the so-called 
precipitation tower formed of lead, and 
about 7 ft. 6 in. high and 2 ft. 6 in. in 
diameter. The sulphuretted hydrgen is 
conveyed to the tower from the generating 
vessel by the leaden pipe a. The sul- 
phuric acid to be purified runs from the 
leaden chambers direct into the lead-lined 
cisterns D. These are in con- 
nection with the leaden tube 6 
running down the centre of the 
tower and terminating. below in 
a shallow box, provided with 
eight little holes c, through 
which the acid is forced in fine 
jets by the hydrostatic pressure 
in the pipe 5. The great distri- 
bution thus achieved consider- 
ably assists the precipitation of 
the arsenic. The jet holes can 
be closed by raising the lead- 
coated iron rod », which is fur- 
nished with little cones fitting 
exact^ into the holes. The 
purified acid flows through the 
pipes d, which can be shut by 
pinch^jocks on the indiarubber 
parts e, i*to the cisterns C beneath. From here it is either run into the concentrating pans after 
having deposited the sulphide of arsenic, or it is let into the forcing apparatus D, from which it is 
again raised into the cisterns B, shonld it be found necessary to treat it once more. For this 
purpose the valves^ made of indiarubber and furnished with screw wheels, are opened. As soon 
as the forcing apparatus is fuU the valves are closed again, and air is forced into the apparatus at h 
through th? pipe E, which is provided with a valve g, and this forces the acid up the pipes k into 
the upper cisterns. The forcing apparatus are formed of slrong iron cylinders lined with sheet 
lead, the valves and other peurts are of spelter. 
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More recently an improvement has been made in this apparatus, consisting in substituting 
horizontal prisms, such as in Gerstenhoefer’s kiln, for the jets, these prisms being flat-side upper- 
most and formed of hollow sheet lead. 

The treatment of the acid with the sulphuretted hydrogen is repeated as many times as 
necessary, until after remaining for some time in contact no more signs of arsenic are shown. 
Generally three repetitions of the process are snfiicient to render the acid quite free from arsenic. 
The precipitated sulphide of arsenic is allowed to settle in large lead-lined tanks, and the clear 
liquid acid is forced by a leaden pump into the reservoir which feeds the leaden concentrating 
pans. The yellow sediment of sulphide of arsenic is well washed, and then sent to the arsenic 
smelters. 

Formerly the gas generating apparatus consisted of several leaden vessels communicating with 
each other, and provided with an outer jacket, in which steam was made to circulate in order to • 
warm the apparatus ; now, however, a single large square leaden tank is used for the purpose. The 
gas passes from this tank into a leaden washer halt-filled with water, provided with two tittle glass 
windows through which the process may be observed. From the washer the gas is taken direct to 
the precipitating tower. 


Concentration of Sulphuric Acid, — The sulphuric acid made in the chambers is not strong 
enough for many of the purposes to which it is applied. The acid can be concentrated by boiling, 
however, which causes the evaporation of a part of the water with which it is combined. This may 
be performed in leaden pans up to a strength of 1-750 sp. gr. ; but the higher the concen- 
tration the greater the difficulty in disengaging the combined water, so that the temperature 
at which evaporation takes place rises rapidly and an increasing proportion of acid is distilled 
over at the same time. The acid cannot be concentrated to monohydrate by simple evaporation of 
the water, but moderately strong acid will be distilled and must be afterward condensed. As acid 
of more than 1-750 sp. gr. attacks lead very powerfully, and the boiling point of monohydrated 
acid is very nearly equivalent to the melting point of lead, the concentration is not carried beyond 
that point in leaden vessels, but in retorts of platinum or glass. 

When the acid is to be concentrated in platinum vessels, it must first be perfectly purified 
from nitrogen compounds, as that metal is very rapidly destroyed by them. Kitrous acid, as we 
have already said, can only be present in a form of combination with the sulphuric acid in crystal- 
lizable proportions, from which it cannot be eliminated by simple heating ; on the contrary, nitric 
acid can be so removed from the sulphuric acid when the latter contains sufficient water. Opinions 
have differed as to whether the sulphuric acid should be freed from nitrous and nitric acids before 
or during the process of concentration. A simple method consists in treating the acid with sul- 
phurous acid during the concentration Fig. 79 shows a vertical cross-section of the arrangement 
of the apparatus H. It consists of a leaden vessel similar to the pan A, except that it is deeper, 
shorter, and narrower. A cover is formed over the vessel, and in the space above the acid the 
sulphurous acid introduced from the kilu through the pipe B can circulate freely. Its passage is 
directed by the two partitions a, the first of which extends from the nearer side of the pan to within 
a very short distance of the farther side, while the second starts from the farther side and reaches 
almost to the nearer side, and through these spaces the sulphurous acid has to pass. The excess of 
sulphurous acid finds its way to the chambers through a pipe provided for the purpose. The 
sulphuric acid enters the pan by the pipe E. 

Instead of the foregoing arrangement a leaden pan may be built into the kiln flue and domed 
over. Into this the weak acid is run, and the kiln gases are passed over it on their way to the 
chambers. As these gases are very hot the acid will be considerably concentrated without the 
aid of my other fire, whilst the steam liberated will effect a certain economy in the consumption 
of fuel in the steam-boiler for supplying the chambers. 

This plan of demtratmg the acid by means of sulphurous acid is not worth very much, unless 
^e acid be much weaker ttan that made in the chambers when the process is well conducted. 
The reason of this m the before-mentioned fact that the crystallizable combination of sulphuric 
dissolved m strong sulphuric acid is very easily decomposed by water, but 
that the operation by means of sulphurous acid is very difficult. ^ 

- of denitratiug the sulphuric acid dilring concentration in leaden pans 

IS by the addition of a small quantity of sulphate of ammonia. With tolerably good worW 
the acid wm contam only so much nitrogen compounds that -1--5 per cent, of the »«imoma 
salt will suffice. 

One author!^ suggests that sulphur may be used for the same end. Flowers of sulphur are 
test, and may be introduced m little capsules of hard stoneware into the first pan, in which the 
temperature does not reach the fusing point of sulphur, and where the acid is richest in water 
Great caution must be exercised, however, that no sulphur finds its way into the othfo pans, as 
strong hot sulphuric acid is reduced to sulphurous acid by the presence of sulphur. As 1 part Z 
sulphur will decompose 6^ parts of monohydrated acid, the loss may be very considerable Fo 
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the same reason, precantions must be taken that flowers of sulphur formed in the chambers through 
sublimation in the kilns shall not find their way into the concentrating apparatus. Organic sub- 
stances, such as sugar, have also been proposed, but the same care must be exercised that no excess 
should pass into the subsequent pans. Another recommends crystallized oxalic acid. 

We now proceed to describe the conduct of the concentration, and the apparatus in which it is 
effected. We have already referred to the cisterns into which 
the ehamher acid may be run in order to gauge the quantity 
made, and which are marked M in Figs. 37 and 38. The acid 
is run from here by means of a leaden channel or pipe, either 
into the concentrating apparatus or first into the apparatus 
where it is to be treated with sulphurous acid. In order that 
the cistern M may be emptied as rapidly as possible, it is 
better to have a second cistern intervening from which the 
flow of acid is made continuous and in exact accordance with 
the rate of evaporation. 

Fig. 78 is a plan, and Fig. 79 a longitudinal section, of I — 

a concentrating apparatus, with platinum still suited to the 

preparation of about IJ ton daily of acid at 1 '850 sp. gr., which 
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is about the quantiij- produced by the chamber system we have described. The apparatus consists 
of five leaden pans A, one below the other, and a platinum still B, besides a hood and other 
accessories The leaden pans are uncovered, except when the acid is to be treated with sulphurous 
acid in the first pan, which is then furnished with the apparatus H already described. The 
acid flows from one pan to the next, through the siphons g. These are similar to those already 
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described in connection with the cistern M. Each pan is 5 ft square. The first, into which the 
fresh acid flows, is about 15 in. deep, each lower one being a little shallower than the preceding, 
so that the last which feeds the platinum stUl is only about 11 in. deep. The pans are made of 
sheet lead about J in. thick. They rest on cast-iron plates a supported by brickwork, which are 
generally about 2 in. thick where they lie just over the fire, decreasing to about f in. as they recede 
from the point of greatest heat. The four first pans are heated by a special furnace, the door b of 
which is seen in Fig. 79 and the fire-bars c in Fig. 78. The flame spreads under the whole of the 
bottom of the pan lying just above the furnace, and is then conducted by the wall d under one- 
half of the three upper pans, turns at e. Fig. 79, round the end of the wall d, traverses the other 
half of the three upper pans, and escapes finally by the flue / into the chimney. These four pans 
lie quite close to each other, wall to wall, without being separated by brickwork. Each of the 
three upper pans has a lip hammered in the edge, by which the acid can run from one to another 
if by any accident the siphons should become stopped, or the supply of acid be admitted too fast. 

From the last pan the acid flows to the platinum stUl B, whose greatest diameter is 33 in., and 
the height to the rim i on which the hood rests is 20 in. This size will hold about 320 gallons. 
The lower part is made entirely of one sheet of platinum for greater strength. The upper parts 
are joined by pure gold soldering with a hydrogen flame. The still is heated by the furnace k. 
Formerly the bottom was allowed to rest on brickwork, so that the flame acted only on the sides. 
In this manner, however, the consumption of fuel was very great and iron rods were substituted, 
but these were very quickly destroyed, so that finally the fire was allowed to play direct on the 
bottom of the still. It rests with the bottom edge on brickwork I and is supported in the middle 
by an additional wall m. The flame passes under the bottom of the still, round its sides by the 
flue n, and thence under the fifth pan. From there it passes by the flue o into the chimney. The 
projecting portion of the brickwork covering the flue n, is covered with an iron plate reaching 
about 4 in. over the still. This plate, and that part of the still which does not lie in the brick- 


work, is plastered with clay to lessen the cooling and condensation of the vapour formed. By this 
plan the fuel is economized and the production increased. 

The still is fed with acid through the siphon p, one end of which dips into the last pan and the 
other into a little leaden vessel q, furnished with a spout. In order that the siphon should 
regulate the outflow according to need, it hangs upon a chain running over the pnlley r, which can 
be raised or lowered. From the vessel q, the acid flows into a platinum funnel-mouthed pipe s, and 
thence into the still whose neck is fitted with a little hole for receiving the pipe a. The pipe 
itself is closed by the acid lying in the stUL Besides this, a little box between the pipe and the 
funnel mouth through which the acid has to pass, serves to make the arrangement air-tight. This 
box has two partitions, one fastened to the top, and allowing communication at the bottom only, 
the other fastened to the bottom, and permitting communication only at the top. Tlie acid flowing 
through these, outs off the passage of gases. A platinum float indicates the level of the acid in the 
still. It plays in a pipe which is fixed to the still in the same way as the feed pipe. 

The hood O is thrust into the wide neck of the still in such a way that a strong rim on it fits on 
to the rim of the still. Between the two flanges is placed a thin layer of asbestos, and the two aje 
then brought into close contact by iron bolts. The arm of the hood opens into a leaden ball D, to 
which it is fastened by screw bolts on the flsmges, and the joint made with putty. To this ball is 
secured a leaden worm, in which the weak evaporated acid is condensed, and collects in the cistern E. 
The worm is contained in the lead-lined vessel P, into which cold water constantly flows from below 
by the pipe «, and escapes above in a warmed state at the lip p. 

The concentrated acid is drawn off by means of the platiniun siphon w. The short arm of the 
siphon reaches fully to the bottom of the stUl. The long arm passes through the cooler G, into 
which cold water is constantly introduced by a pipe at the bottom, and flows away from the top of 
the other end. The portion of the siphon that traverses the cooler is split into two halves, in 
order to facilitate the cooling. It is closed or regulated by a tap, sometimes made of gold, but now 
more generally of platinum. To ensure suflSciently rapid outflow, the tap must be at least 1 ft. 6 in. 


lower than the bottom of the stUL The siphon is set by means of the two little funnel-topped 
platinum tubes z, so arranged that their tops are higher than the highest part of the siphon. 

After closing the top of the siphon and opening both the feed pipes so much sulphuric acid is 
poured into one of them as sufBces to completely fill the siphon by which the air is expelled at the 
second pipe. Their stoppers are then replaced. For ease in moving and handling the siphon it is 
made in several, generally four, pieces fitting one into another, and provided with flangesAat may 
be tightly compressed with screw bolts. A wooden trestle y snpports the siphon. The concentra- 
tion is carried on day and night, and by having the furnaces in juxtaposition, as we have shown 
one workman can easily conduct the operation. • ’ 


The surface of the five leaden pans is more than sufficient to concentrate all the acid made by 
the chamber system we have given fium 100° to 150° Tw., at such a gentle heat thaf very little 
acid will bo distilled with the water. The acid is fed continuously into the first pan, and the flow 
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thiongh the appaiatns is so regulated that the acid leaving the fifth pan is about 133° Tw. when 
hot, or 150° Tw. at 15° (60° F.). The still is filled to the level of its greatest diameter, and the depth 
of acid is regularly maintained at this point. The concentration may be made either continuous or 
intermittent. 

With the continuous process the siphon tap is opened to such a degree that the acid which the 
still is capable of concentrating flows out in a continual stream, and at the same time so much acid 
is supplied to the pans as will suflSce to keep the level in the still at the proper height. The 
level of acid in the still can always be seen by the float The strength of the distillate forms a 
convenient guide as to the strength to which the acid is being concentrated. If the distillate 
registers 90° Tw., the concentrated acid will be about 167° Tw., which is the highest grade 
that can be reached with continuous concentration, on account of the effect constantly exercised 
• by the weak in-flowing acid. With continuous firing something like 34 cwt. of acid can be con- 
centrated with this apparatus. 

If it be important that the acid shall be more than 167° Tw. the intermittent process must be 
adopted. In this case the exit tap is closed until the distillate shows about 100° Tw. As soon 
as this point is reached the supply from the pans is stopped and the fire increased, and a portion 
of the acid drawn off as rapidly as possible into carboys. The quantity drawn off must never be 
so great that the level in the still sinks below the top of the flue », for the still would be very 
rapidly destroyed if the fire were allowed to play upon parts which were not covered with acid. 
Probably about 2 cwt. may be drawn off each time without harm. As soon as this has been done 
the still is refilled from the fifth pan, whose communication with the fourth pan must at that time 
be suspended, or a quantity of weak acid may find its way into the still. 

When the work is properly managed the stUl may be tapped fifteen times daily, thus producing 
about 30 cwt. of acid at 170° Tw. It is natural that the production by this method be much less 
than with continuous firing, on account of the suspension of the firing during the time that acid is 
being drawn from the still. 

The most advantageous process is undoubtedly the continuous, by which the smallest amount 
of fuel is consumed in proportion to the make of acid, and by which the damage to the still is 
least on account of the almost constant degree at which the temperature is maintained. 

The concentrated acid flows into glass carboys holding from IJ to 2 cwt. Ihese are packed in 
wicker baskets with straw, and closed with stoneware stoppers cemented with molten sulphur. 
Over these soft clay is put, and then pieces of coarse sacking are tied down round the neck. The 
distillate is so much purer than ordinary chamber acid that in some cases it may be conveniently 
used; in other cases it is rxm back into the basin of one of the ehambers. 

The total loss of acid during the operation should never exceed 1 to 2 per cent. 

The amount of fuel needed will be about 1 1 cwt. of good steam coal. 

The following illustration. Fig. 80, shows the most recent form of platinum pan and still, 
. manufactured by Messrs. Johnson, Matthey, and Co., of Hatton Garden. A A are platinum 



X)ans,*with corrugated bottoms and longitudinal or transverse partitions, exposed to the flame 
in the flue. They can be worked in series, replacing the thick leaden tonka now employed 
for concentration of the chamber acid. B is a platinum boiler, with corrugated bottom and 
paMitio «9 to receive the acid, at 60° Baumd, or above, from the pans A A, completing the 
concentration to 66° Baume (I '845 sp. gr.). C is a head and arm for carrying off the vapour to 
a leaden condenser (not shown) or direct into the chamber for utilization, if required. D is a 
flask cooler, to receive the concentrated oil of vitriol from the boilers, and to pass it, cooled, into 
the carboys ; the leaden water-jacket should be so arranged that the cold water may have the 
greatest p<£sible amount of ooelmg power. 

This is the newest form for the concentration of sulphuric aoid, securing great strength,- 
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productive power, safety and economy in working, and highest degree of purity of acid, with a 
minimum of platinum. 

By the corrugated form of bottom (Prentice’s patent) the greatest possible amount of strength, 
surface, and consequent evaporating power is obtained in the boiler or still, and a considerable 
saving in fuel is effected. By means of the pans the large and costly leaden tanks for the previous 
concentration of the chamber acid, which require constant repair and renewal and more or less 
contaminate the acid, can be to a great extent done away with. The setting of these boilers and 
open pans is of the simplest kind : they are placed upon an iron frame over a straight flue, and 
they may be multiplied or enlarged to any desired capacity of production, without sacrifice of 
existing plant. Pans of lead (or any suitable material) of the same form or principle employed for 
the first concentration of the chamber acid, are included in this patent. The cooler is of an 
improved economical and convenient form, easy to clean, and securing great cooling power with a 
minimum of water and space. 

Briefly, the chief advantages of this construction are : — Great economy in first outlay and in 
daily expense of working : this may be estimated at about 50 per cent, each in the first weight of 
platinum and in the consumption of fuel. Great intrinsic value in a realizable form in proportion 
to the cost. Purity of acid. And freedom from danger. 

In making the necessary joints, this firm has long since abandoned the use of gold ; nothing 
but pure platinum being employed throughout the apparatus. 

Pig. 81 represents the most recent Continental disposition of leaden and platinum concentrating 
apparatus, the novelties of which consist of compactness of arrangement, and especially the 
adaptation of gas as a heating medium throughout. The platinum retort or boiler is shown at 
A A*, the platinum pans at B B^ and 0 C’, and the leaden concentrating pans at D E E*, F F^, 
GG=, and KK^ 

The chamber acid enters the leaden concentrating pan D D’, at a strength of 91° Tw., leaves 
the last leaden pan K to enter the first platinum pan C C^ at 113° Tw., leaves C C’' to enter B B® 
at 148° Tw., and leaves this last platinum pan at 161° Tw. to enter the retort, which it leaves con- 
centrated to 170° Tw. 

The part lettered A’ to shows the arrangement of the flues whereby the heat is led under the 
platinum retort and pans, and leaden pans, until it escapes into the opening M M leading to the 
chimney. 

The acid vapours, escaping from the platinum retort or boiler A A', are condensed in the 
horizontal leaden worm lying in the trough P P*, which is filled with water ; this worm is about 
4 in. internal diameter, and 45 ft. long. 

Concentration in Leaden Pans and Glass Metorts . — Before the adoption of platinum vessels for 
completing the concentration of the acid, large glass retorts were used, and these are still employed 
in works where the glass can be bought at a low figpire, or where the quantity of sulphuric acid 
needed in a concentrated state is small, or where the manufacturer has not sufficient capital to 
afford a platinum still. 

The retorts may be set in two rows in a gallery furnace, and are filled with pure acid at 
150° Tw. The number of retorts fed by one fire will depend upon the class of fuel used, as waU 
as the size of the retorts. Formerly the retorts were protected against sudden changes of 
temperature by sand baths in iron pots, but more recently other materials have been adopted 
without any great benefit that we know of. The jumping of the acid during the boiling is 
prevented by putting some small pieces of glass or platinum into the retort. Sometimes a leaden 
pan is provided underneath the retorts for catching the acid in case of a fracture occurring. The 
glass of which the retorts are made must be free from alkali, or the acid will attack them rapidly. 
They are of various dunensions, but those holding about 3 cwt. are most convenient. 

The steam evaporated is conducted away by glass arms fitting into the necks of the retorts, and 
condensed for use in the chambers in lieu of water or steam. The great drawbacks to glass retorts 
are that they consume very much more fuel, and that they are constantly liable to accidental 
breakage, on account of their necessary fragility. The retorts used in this country are cylindrical, 
about 33 in. high and 20 in. in diameter. Each retort is fired from a separate furnace. The 
top of the retort is provided with a short wide neck, into which a glass arm is fitted for carrying 
off the steam. The retorts are filled and emptied by means of leaden siphons, the process being 
iutermittent. It is convenient to allow the acid concentrated during one day to remain in the 
retorts till the following morning, so that it may cool somewhat during the night. 

SuLPHUBic Anhydride. — Of late a demand has sprung up for a more powerful acid than the 
monohydrate, and hence sulphuric anhydride has come to he manufactured ^ and is applied with 
great advantage in the preparation of aniline dyes and in the purification of ozokerite and other 
similar products, but as yet the manufacture is restricted to very narrow limits, as the cost of the 
article as at present made is greatly in excess of that of monohydrated acid. There *is no doubt 



that with time such improvements will be introduced into the manufacture as will enable it to be 
sold remnn&atively at a reduced price, when its employment will be vastly increased. At the 
present time, the manu&ctnre of the auhydride on a commercial scale is in very few hands 

Letters patent have been granted to Rudolph Messel, of SUvertown Victoria Docks, for his 
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invention relating to the prodnction of sulphuric acid, fuming sulphuric acid, and anhydrous sul- 
phuric acid. In carrying out his invention he exposes sulphur to heat in oxygen, and prefers to pass 
the gases arising from this combustion into a gas-holder, either using such excess of oxygen as with 
the generated sulphurous acid will form equivalent proportions for their combination into sulphuric 
anhydride or sulphuric acid, or should these equivalent proportions not be perfectly attained he 
passes into the gas-holder such a proportion as may be necessary of the gas that may be deficient. 

The required oxygen may be obtained by the decomposition of acidulated water acted upon by 
electricity, any of the well-known dynamo-electric engines being used for that purpose. 

The gaseous contents of the gas-holder obtained as above are then passed over or through 
spongy platinum or platinized materials, such as asbestos, or the oxides of chromium, or of iron, or 
of copper, and either separately or in combination, which at a moderate temperature possess the 
property of causing the sulphurous acid and oxygen to combine so as to form anhydrous sulphuric 
acid. This may be condensed either alone in a suitable apparatus, or it may be dissolved in 
ordinary sulphuric acid, so as to form Nordhausen or fuming sulphuric acid. This process of manu- 
facture may readily be made continuous by the employment of two gas-holders or receivers, so that 
whilst one is being emptied the other may be filling. The hydrogen given off during the de- 
composition of the water may be utilized for the purposes of heating, or, after being carburetted, for 
purposes of illumination. 

Provisional protection has been obtained by Wilhelm Majert, of the firm of Majert and Co., of 
Bahnhof-Schlebusch, Germany, for improvements in the manufacture of the anhydride of sulphuric 
acid and of the concentrated sulphuric acid. These improvements consist chiefly in the manipula- 
tion of the retorts, their disposition and composition, and in the manufacture of the anhydride of 
sulphuric acid. 

In arranging the retorts which are Used for the splitting up of sulphuric acid they set the 
unbumt retorts in the furnace, and afterwards fire the furnace ; or take retorts brought at least 
to red heat, and put them in the heat furnace. In the latter manner they prevent the retorts 
from being spoilt. 

The aeriform products arising from the decomposition are drawn off by channels situated in 
the bottom of the furnace, and leading therefrom either across one or more heat retorts, or directly 
to the refiigerators by a tube for leading away the gases. To save the retorts they place a second 
inside the retort of decomposition, and into this second one the sulphuric acid (which must be split 
up) firstly enters by an inlet tube suitably arranged above the inner retort. The liquid obtained 
by the refrigeration of the gases coming out of the retorts of decomposition contains much sul- 
phurous acid, and by making this liquid hot they liberate the sulphurous acid, and lead it back 
again to the mixing of gas SO* + O. 

The contact action is managed in iron or copper vessels in lieu of the clay vessels hitherto used, 
and to ensure the stoecliiometrical proportion SO* -t- O they take oxide of copper, or iron, or of 
chromium, or mixings of these oxides one with another, in lieu of platinum or asbestos hithei to used. 
The mixing of gas SO* O escaped of the contact action, after taking from it the anhydride, 
will be brought anew in contact with the substance. ^ 

Mr. K. W. Wallace has secured patent rights for improvements in the manufacture of sulphuric 
anhydride and Nordhausen acid, and in the concentration and refining of sulphuric acid. 

Fig. 82 is an elevation partly in section of the apparatus comprising a closed vessel, a condenser, 
and cooler, hereinafter described. Fig. 83 is a plan or top view of the said condenser. Fig. 84 
is a coil of tubing. Fig. 85 is a perforated bottom fur the said close vessel. Like letters indicate 
the same parts throughout the drawing. This inveniion relates to the manufacture of sulphuric 
anhydride and Nordhausen acid, and to the concentration and purification of sulphuric and other 
acids. It permits the use of retorts of cheap materials of any desired size in such manufacture. 
It permits the division or separation of the distillates, and the delivery and transport or removal 
of the anhydride in the vessel in which it is received from the still, and the process emploved in 
the manufacture may be continuous. 

The bisulphate of soda is introduced into large retorts made of glazed plumbago or some similar 
preparation of earthenware, or of any other substance which will not decompose the sulphuric 
anhydride (SOj), or itself be decomposed into sulphurous acid (SOj) and oxygen (O). The said 
retort is heated first to dull redness, wlien any free sulphuric acid (HjSO,) and water are driven 
off. This water is condensed in a leaden worm, and as soon as the sulphuric anhydride commences 
to appear, the passage of the gases into the leaden coil is stopped by means of a three-way cock, 
and they then pass into a series of receivers or Woulfe’s bottles, constructed to retain none of the 
solid sulphuric anhydride in any of the lutes. The top of these receivers i* detachable, so that 
it can be replaced by blank plates, which are made properly tight, and the acid can thus be 
delivered or removed in the same receivers in which it has been collected, thereby , savins the 
workmen from the noxious fumes which would be given off on the exposure of the acid to the air 
while removing it fiom one vessel to another. This process may be made continuous by intro- 
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ducing the requisite quantity of warm sulphuric acid into the retort before the neutral sulphate of 
soda has solidified. In this manner the bisulphate of soda is formed in the retort, and once 
produced therein need 
never be removed. And 
an absolutely anhydrous 
solid acid may be ob- 
tained without heating 
the Nordhausen acid 
(which is a combination 
of sulphuric acid and sul- 
phuric anhydride) till the 
latter is iiven off and 
collected, as in the usual 
way of manufacturing 



Other bisulphates 
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the crystals firom Nordhausen acid, made from sulphate of iron, in Germany, 
may be employed in the process, but sulphate of soda is the most manageable. 

Another method of obtaining snlphurio anhydride according to this invention is by the direct 
combination of sulphur- 
ous acid (SOj) and oxy- 
gen (O). This object 
may be attained by dis- 
tilling sulphuric acid 
(H^SO.), of a gravity of ■ 

1‘850, in stills of glazed 
. plumbago and passing 
the gas through tubes of 
the same material heated 

to redness. The sulphuric acid (HjSO,) is then decomposed into sulphurous acid (SOj) and 
oxygen (O). Any of the acid or water remaining is then absorbed in scrubbers of chloride of 
calcium, or of pumice-stone moistened with sulphuric acid (H^SO,). 

Another way of obtaining the sulphurous acid and oxygen is by burning sulphur in iron or other 
pans by means of an equivalent of oxygen, the admittance of oxygen being regulated by a weighted 
valve to ensure continuous pressure. 

The direct combination of sulphurous acid (SOj) and oxygen is also effected by passing these 
gases through glazed plumbago tubes heated to dull redness, and filled with platinized pumice, or 
asbestos; or with spongy platinum. These tubes are made of plumbago glazed on the inner side ; a 
platinum lining is objectionable, because the great weight of the platinized pumice, asbestos, or the 
spongy platinum quickly causes perforations in the piping unless the latter be of great thickness, 
which the present price of this metal would render very costly. The sulphuric anhydride (SOj) is 
Anally condensed in receivers as above described. 

The invention also comprises a novel process and apparatus for the concentration and refining of 
sulphuric acid for the above and other purposes, and the concentration and refining of other acids. 
The apparatus is illustrated in Figs. 82, 83, 84, and 85. According to this process air is heated 
to a temperature of about 700° in an iron coil a, and distributed by means of pipes h, made of 
platinnm, porcelain, or other material, into a closed vessel c, made of glass, glazed plumbago, or 
platinum. The hot air is introduced into the sulphuric acid in this chamber by means of the said 
perforated pipes or a perforated false bottom d, and the required draught through the apparatus is 
produced by an air-pump or aspirator, or other suitable means. Water has hitherto been used as 
the medium for oondenshig the waste fumes and for cooling the sulphuric acid after it leaves the 
still, but instead of water sulphuric acid is used for these purposes. 

The condenser e. Figs. 82 and 83, is constructed with an outer casiug e* and an inner box or 
casing of lead or other suitable material. Pipes / extend vertically through the said inner casing, 
and the latter is connected with the neck of the still or closed vessel c. The sulphuric acid used as 
the condensing medium flows through the said pipes, and the air and gas from the closed vessel 
surround the same, g is acock for drawing off the condensed liquid from the casing e‘; A is a cooler 
or vessel for cooling the liquid acid from the vessel e ; A' is a coil of pipe, and A* is a cock in the same. 

* Thff bottom of the retort or closed vessel c may be heated by the flame which heats the iron coil, 
and the latter may serve as a support for the retort. Therefore the acid will be concentrated 
externally by the ^me and internally by the hot air. The weak acid fumes are condensed and 
pumped to the top of the chamber used for the manufacture of sulphuric acid, and by means of an 
injector t(je condensed weak acid is distributed in the said chamber in the form of spray. Tliis 
effects a saving of steam in the sulphuric acid chambers, and economizes the fuel used for concen- 
tration by the use of the weak acid instead of water or steam. 

_ H 2 
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Otheb Peoposed Methods op Pkoddotios.— The first attempt to make snlphurio acid from 
a mixture of sulphurous acid and oxygen by condensation in platinum was made by Phillips. 
According to his plan sulphurous acid from the combustion of sulphur is mixed with an excess of 
atmospheric air and forced through a red-hot tube of cast iron packed with platinum, sponge, or 
other material by means of a blast of hot air. The gaseous sulphuric acid produced is carried with 
the oxygen and excess of air into the bottom of an upright leaden cylinder filled with fiints, whilst 
water fiows down the cylinder and keeps the flints constantly wet. As the gases a^end the 
sulphuric acid contained in them condenses and flows away from the bottom of the cylinder with 
the water produced, while the freed gases escape into the air. ^ ^ 

Platinum has been found so expensive as to be partially or wholly abandoned. Piria has 
adopted pumice impregnated with a solution of platinum, and made red hot so that a film of 

platinum is formed all over it. . . « 

Schneider and Laming have patented an apparatus in which pumice causes the formation of 
the acid. The pumice is packed in a series of upright tubes heated to about 300° (572° F.), in which 
the gases circulate. 

Schmersohl and Bonk pass sulphurous acid, air, and steam through horizontal stoneware or 
cast-iron pipes filled with asbestos, pumice, or other porous bodies, and strongly heated. 

Petrie employs an upright cylinder of stoneware or enamelled cast iron heated to 300° and 
filled with flints constantly moistened from above. 

Besides these, multifarious plans have been devised for extracting the sulphuric acid from 
natural sulphates, such as gypsum, but no one has been found to possess such qualities as to present 
any likelihood that the current system of oxidizing sulphur will be displaced. Hargreaves’ method 
for making sulphate of soda from salt, however, will in all likelihood supplant the use of sulphuric 
acid in this enormous branch of chemical industry. 

Uses. — The uses of sulphuric acid are more varied and numerous than those of any other 
chemical product. 

This acid is required in the formation of sulphates, such as those of ammonium, aluminium, 
copper, iron, magnesium (Epsom salts), mercury (for corrosive sublimate and calomel making), 
potassium, sodium (Glauber’s salt), and indirectly in the production of alum. It is used in the 
manufacture of nearly all other acids of importance, as boracic, citric, fluoric, hydrochloric, nitric, 
phosphoric, stearic, sulphmous, and tartaric acids. It is used in cleaning metals ; in the manu- 
facture of tin-plate ; in exciting electric currents for various purposes, and for the evolution of 
hydrogen gas. It is further used in the preparation of ether, of ozokerite, of blacking, and of a 
variety of other substances of minor importance. Also in the separation of pure hydro-carbons 
from tars; in the purification of oils; and it is largely consumed in the removal of fats from cotton 
and woollen goods. Other applications of this acid are in the elimination of sugar from starch, and 
the precipitation of lime from molasses ; in dissolving indigo ; in giving a dark colour to wood ; 
and in the preparation of aniline and madder dyes. Bleaching and dyeing consume large quan- 
tities of sulphuric acid. In the preparation of collodion, gun-cotton, nitro-benzol, nitro-glycerine, 
picric acid, &o., &c., it is also largely used. Enormous quantities are annually required for thq 
manufacture of mineral waters, and still more for the conversion of mineral phosphates into super- 
phosphates. It is also valuable in the preparation of other fertilizers, such as blood-manures and 
sewage, by fixing the ammonia and arresting fermentation ; in the removal of bad smells from 
casks, &c., by destroying fungoid growths ; it thus acts the part of a deodorizer. But the most 
important of all its uses is for the conversion of common salt into sulphate of soda, in the manu- 
fecture of alkali. In the laboratory it forms one of the most useful reagents in the hands of the 
analytical chemist ; moreover its great hygroscopic powers make it invaluable as a desiccating 
agent. The uses of this acid are indeed so numerous that it would be difficult to prescribe limits 
to its application. 

The chief seats of the industry in this country are Newcastle, Birmingham, Bristol, Lancashire, 
Glasgow, London, Edinburgh, and in a minor degree the counties of Norfolk, Suffolk, Hants, 
Devon, &c. On the Continent are many large works in Belgium, France, and Germany, and even 
Mexico, Finland, and Japan are not behind the rest of the world in this respect. , 

The principal product in all cases is the ordinary English acid. In fact, the other two varieties 
form but an infinitesimal part of the manufactured article, probably not one-thousandth part of the 
total production. 

The manufacture is of comparatively recent date, it being scarcely a century since tBe first 
works were erected in this country. Yet it now stands at the head of our chemical industry, and 
is increasing every day in extent and importance. ^ 

The expensive nature of the plant of a sulphuric acid works, as at present constructed, neces- 
sitates the possession of considerable capital for embarking in the business, and as a cojjsequence 
it is in comparatively few hands. The amount of money invested in the manufacture in this 
country alone is probably not less than five millions sterling. 



HYDEOCHLOBIO ACID. 


101 


No tax, duty, nor impost of any kind is levied on the manufacture, and no restriction is imposed 
by the Legislature, save the provisions of the Alkali Act prohibiting the creation of a nuisance. 
Practically this Act has none but a beneficial effect upon the trade, as it compels manufacturers to 
adopt economical measures for the prevention of the escape and consequent waste of those gases 
which alone create a nuisance. 

The commercial value of the manufactured article varies according to its specific gravity, which 
is synonymous with its strength. Acid at about 1'712 sp. gr. (143° Tw.), commonly known as 
“ brown acid ” (B. A.), or as “ brown oil of vitriol ” (B. O. V.), is generally quoted at about 
id. per lb. or 7/. per ton, and that at 1-850 sp. gr. (170° Tw.), called “white” or “rectified oil of 
vitriol ” (O. V.), stands usually at Id. per lb. or 91. 6s. 8d. per ton. In each case a discount is 
remitted, fluctuating with the market prices of the raw commodities, and with the scale of the 
transaction, but seldom less than 30 per cent. 

The price is also affected by the colour of the acid as well as by its purity. Acid made from 
brimstone, and containing no arsenic or other foreign deleterious matter, is worth more than 
“pyrites acid,” which always has a certain proportion of arsenic, besides iron, selenium, and other 
contaminating matter. 

Markets. — The two great markets for sulphuric acid are the manufacture of alkali and of 
artificial- manures. In almost evei-y instance the sulphuric acid manufacturer combiues one or 
both of the other industries with the primary one. That which is sold as sulphuric acid goes to 
the smaller manure manufacturers, to gasworks, sugar refineries, mineral water factories, dyers and 
printers, gun-cotton, &c. makers, electro-platers, &c., &c. 

India and China consume a large quantity of the concentrated acid, which is transported thither 
very conveniently in stoneware jars. The transport in this country is commonly conducted in 
large glass bottles, known as “ carboys,” packed with straw in well-tarred hoop-iron or withy baskets. 

HTSBOCHLOBIC, or CHLOBHYDBIC ACID. (Fb., acide chlorhydrique ; Geb., sah- 
saure.") Constituents, hydrogen and chlorine; formula, HCl; molecular weight, 36' 5; specific 
gravity, 18-25. 

This most important body, the only known compound of hydrogen and chlorine, was first obtained 
in a gaseous state by Priestley in 1772 ; its solution in water, however, has been used from very early 
times under the names of muriatic acid — muria, sea salt — spirit of salt, and acidum hydrochloricum. 
The ancient alchemists were acquainted with its mixture with nitric acid, which they obtained by 
distilling nitre, sal-ammoniac, and vitriol together. Mention is made of “ spiritus salts, ’’ prepared 
from vitriol and “ sal communis,’' in the chemical treatises of the fifteenth century. Glauber pre- 
pared the acid about the year 1648, by heating salt with oil of vitriol, and further allusion, in 
the writings of Stephen Hales, about the year 1727, is made to a gas which was evolved when 
sal-ammoniac and sulphuric acid were heated together, and which was soluble in water. This gas 
Priestley collected over mercury, naming it “rmrinc-acid air.” 

, Hydrochloric acid exists in nature in considerable quantities. It is evolved during volcanic 
eruptions — ^notably, those of Vesuvius — and probably, with this origin, is found to an appreciable 
extent in the hot springs of Iceland and Sooth America, and in the streams which have their 
sources in volcanic regions and in tlie craters of extinct volcanoes. 

Boussingault gives the following analysis of water taken from the torrent called Eio Vinagre, 
which rises in the old volcanoes of Puree, in the Andes : — 

Sulphuric acid ., .. 0*00110 | Magnesia 

Hydrochloric acid .. 0*00091 j Oxide of iron 

Alumina 0 * 00040 Soda 

Lime 0*00012 | 

Although the percentage of hydrochloric acid appeals small upon analysis— not exceeding 
^gth part — it is worth noting that something like 12,000 tons per annum are annually carried 
down by the river cited. 

An aualysis of water from an acid spring gives the following result .* — 


Sulphuric acid .. .. 0*005181 j Magnesia 0*000320 

^ Hydrochloric acid .. 0*000851 | Soda 0*000360 

Alumina 0 *000500 ' Oxide of iron .. .. 0*000365 

Lime 0*000140 Silica 0*000183 


Hydrochloric acid to the amount of 0*447 per cent, has been found in the lava flowing from 
Hekla. Its presence under all these circumstances is probably due to the decomposition of the 
Thlorine compounds of the lava by the action of the silicates and steam of a high temperature. 

In its gaseous form hydrochloric acid is colourless, 1*267 times heavier than air, with a strono* 
acid taste and reaction and powerful suffocating odour. ^ 


traces 

traces 

0*00023 
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It is peculiarly irritating to tlie nostrils, eyes, and skin, and, as the districts where the manufac- 
ture is carried on readily testify, extremely injurious to all kinds of vegetation. It has not been 
solidified but at a temperatiu-e of 10° (50° P.), and under a pressure of forty atmospheres is 
obtainable as a clear liquid of 1 • 27 specific gravity, possessing acid properties, but not so strongly 
marked as in the case of the ordinary commercial acid — ^the solution of the gas in water. Thus 
the anhydrous liquid is incapable of dissolving zinc, magnesium, and various metallic sulphides ; it 
attacks sodium, lead, tin, and potassium, but no evolution of gas takes place during the operation. 
Hydrochloric acid supports combustion only to a very limited extent, and is not inflammable. One 
of the most remarkable properties of the gas is its extreme solubility in water, the enormous volume 
of 490 times its own bulk being taken up by the liquid at 40° (39° P.), with evolution of consi- 
derable heat. The energy of the operation may be shown by opening a cylinder of the dry gas under • 

water; it will be noticed that the liquid immediately rushes up, as into a vacuum, the vessel 
becoming perceptibly warm. 

The aqueous saturated solution has a density of 1 • 2265, and contains 44 per cent, of the dry 
acid. The following tables give the specific gravity at various degrees of concentration, as 
delivered by Ure and Davy. It will be noticed that the results differ slightly. 


Composition op Aqceous Hydbochlobic Acan accobding to Uee. 


Acid 
of 1*2 
Sp. 6r. 

Specific 

Gravity. 

Per Cent, of 
Chlorine. 

Per Cent, of 
Hydrochloric 
Acid. 

Acid 
of 1-2 
Sp. Gr. 

Specific 

Gravity. 

Per Cent, of 
Chlorine, 

Per Cent, of 
Hydrochloric 
Acid. 

JOO 

1-2000 

39-675 

40-777 

50 

1-1000 

19-837 

20-388 

99 

1-1982 

39-278 

40-369 

49 

1-0980 

19-440 

19-980 

98 

1-1964 

38-882 

39-961 

48 

1-0960 

19-044 

19-572 

97 

1-1946 

38-485 

39-554 

47 

1-0939 

18-647 

19-165 

96 

1-1928 

38-089 

39-146 

46 

1-0919 

18-250 

18-757 

95 

1-1910 

37-692 

38-738 

45 

1 -0899 

17-854 

18-349 

94 

1-1893 

37-296 

38-330 

44 

1-0879 

17-457 

17-941 

93 

1-1875 

36-900 

37-923 

43 

1-0859 

17-060 

71-534 

92 

1-1857 

36-503 

37-516 

42 

1-0838 

16-664 

17-126 

91 

1-1846 

36-107 

37-108 

41 

1-0818 

16-267 

16-718 

90 

1-1822 

35-707 

36-700 

40 

1-0798 

15-870 

16-310 

89 

1-1802 

35-310 

36-292 

39 

1-0778 

15-474 

15-902 

88 

1-1782 

34-913 

35-884 

38 

1 0758 

15-077 

15-494 

87 

1-1762 

34-517 

35-476 

37 

1-0738 

14-680 

15-087 

86 

1-1741 

34-121 

35-068 

36 

1-0718 

14-284 

14-679 

85 

1-1721 

33 724 

34-660 

35 

1-0697 

13-887 

14-271 

84 

1-1701 

33-328 

34-252 

34 

1-0677 

13-490 

13-863 

83 

1-1681 

32-931 

33-845 

33 

1-0657 

13-094 

13-456 

82 

1-1661 

32-535 

33-437 

32 

1-0637 

12-697 

13-049 

81 

1-1641 

32-136 

33-029 

31 

1-0617 

12-300 

12-641 

80 

1-1620 

31-746 

32-621 

30 

1-0597 

11-903 

12-233 

79 

1-1599 

31-343 

32-213 

29 

1-0577 

11-506 

11-825 • 

78 

1-1578 

30-946 

31-805 

28 

1-0557 

11-109 

11-418 

77 

1-1557 

30-550 

31-398 

27 

1-0537 

10-712 

11-010 

76 

1-1536 

30-153 

30-990 

26 

1-0517 

10-316 

10-602 

75 

1-1515 

29-757 

30-582 

25 

1-0497 

9-919 

10-194 

74 

1-1494 

29-361 

30-174 

24 

1-0477 

9-522 

9-786 

73 

1-1473 

28-964 

29-767 

23 

1-0457 

9-125 

9-379 

72 

1-1452 

28-567 

29-359 

22 

1-0437 

8-729 

8-971 

71 

1-1431 

28-171 

28-951 

1 21 

1-0417 

8-332 

8-563 

70 

1-1410 

27-772 

28-544 

1 20 

1-0397 

7-935 

8-155 

69 

1-1389 

27-376 

28-136 

! 19 

1-0377 

7-538 

7-747 

68 

1-1369 

26-979 

27-728 

! 18 

1-0357 

7-141 

7-340 

67 

1-1349 

26-583 

27-321 

' 17 

1-0337 

6-745 

6-932 

66 

1-1328 

26-186 

26-913 

I 16 

1-0318 

6-348 

6-524 

65 

1-1308 

25-789 

26-505 

; 15 

1-0298 

5-951 

6-116 

64 

1-1287 

25-392 

26-098 

14 

1-0279 

5-554 

5 *7^9 

63 

1-1267 

24-996 

25-690 

1 13 

1-0259 

5-158 

5-301 

62 

, 1-1247 

24-599 

25-282 

1 12 

1-02.39 

4-762 

4-893 

61 

1-1226 

24-202 

24-874 

i 11 

1-0220 

4-365 

4-486 

60 

1-1206 

23-805 

24-466 

10 

1-0200 

3-968 

4-078. 

59 

1-1185 

23-408 

24-058 

1 9 

1-0180 

3-571 

3*670 

58 

1-1164 

23-012 

23-650 

1 8 

1-0160 

3-174 

3-262 

57 

1-1143 

22-615 

23-242 

7 

1-0140 

2-778 

2-854 

56 

1-1123 

22-218 

22-834 

6 

1-0120 

2-381 

2-447 

55 

1-1102 

21-822 

22-426 

5 

1-0100 

1-984 

2-039 

54 

1-1082 

21-425 

22-019 

4 

1-0080 

1-588 

• 3 *6.^1 

53 

1-1061 

21-028 

21-611 

3 

1-0060 

1-191 

1*224 

52 

1-1041 

20-632 

21-203 

2 

1-0040 

0-795 

0*816 

51 

1-1020 

20-235 

1-^- — 

20-796 

1 

1-0020 

0-.397 

0-408 


HTDROCHLOEIC ACID. 

Composition op Htdkoohlortc Acid according to Davy. 


103 


Gravity, 

Per Cent, of 
Hydrochloric 
Acid. 

1 

[ Specific 
[ Gravity. 

Per Cent, of 
Hydrochloric 
Acid. 

1 

! Specific 
! Gravity. 

Per Cent, of 
Hydrochloric 
Acid. 1 

Specific 

Gravity. 

Per Cent, of 
Hydrochloric 

1 Add. 

1-21 

42-43 

; 1-15 

30-30 

i 1-10 

20-20 j 

1-05 

10-10 

1-20 

40-00 

1-14 

28-28 

1-09 

18-18 1 

1-04 

8-08 

1-19 

38-38 

1-13 

26-26 

1 1-08 

16-16 

1-03 

6-06 

1-18 

36-36 

1-12 

24-24 

1 1-07 

14-14 i 

1-02 

4-04 

1-17 

1-16 

34-34 

32-32 

1-11 

22-22 

1 1-06 

i 

12-12 i 

1-01 

2-02 


The difference in composition of the aqueous solution of hydrochloric acid at 0° and 15°, and 
at various densities, is shown in the following Table (J. Kolb) : — 


Density. 

Per Cent ol 
Real Add 
at 0° C, 

Per Cent, of 
Real Acid 
at 15° C. 

Density. 

Per Cent of 
Real Acid 
at0°C. 

Per Cent, of 
Real Acid 
at 15° C. 

Density. 

Per Cent, of 
Real Acid 
at 0° C. 

Per Cent, of 
Real Acid 
at 15° C. 


0-0 



15-7 

16-5 

1-166 

31-4 

33-0 


1-4 

1-5 

1-091 

17-2 

18-1 

1-171 

32-3 

. 33-9 

1-014 

2-7 

2-9 


18-9 

19-1 

1-175 

33-0 

34-4 

1-022 

4-2 

4-5 


20-4 

21-5 

1-180 

34-1 

35-7 

1-029 

5-5 

5-8 

1-116 

21-9 

23-1 

j 1-185 

35-1 

36-8 

1-036 

6-9 

7-3 

1-125 

23-6 

24-8 

i 1-190 

36-1 

37-9 

1-044 

8-4 

8-9 

1-134 

25-2 

26-6 

! 1-195 

37-1 

39-0 

1-052 

9-9 


1-143 

27-0 

28-8 

! 1-199 

38-0 

39-9 

1-060 

11-4 

12-0 

1-152 

28-7 

30-2 

1-205 

39-1 

41-2 

1-067 

12-7 

13-4 


29-7 

31-2 

1-210 

40-2 

42-4 

1-075 

14-2 

15-0 

1-161 

30-4 

32-0 

1-212 

41-7 

42-0 


When a strong solution of hydrochloric acid is boiled at the ordinary temperature and pressure of 
the atmosphere, it gives off a gaseous acid until it is reduced to a density of I’lO, then it distils 
over unchanged. In similar manner, a weak solution parts with its water until a density of I'lO 
is aoquire4, and then passes over with a constant composition, boiling at 112° (233° F.). The 
observation of this circumstance pointed at first- to the conclusion that there was a definite hydrate 
of the acid with this constant composition. It has, however, been established that by varying the 
pressure, or vaporizing at different temperatures, other liquids with a constant composition are 
obtainable — liquids that distil over unchanged after reaching certain densities. The relation 
• between the pressure under which the acid is distilled and the composition of the stable liquid is 
given in the following table, P m showing the pressure in metres of mercury, and the second column 
^giving the percentage of real acid in the constant liquid. 


Pf». 

Per Cent, of ] 
Real Acid. , 

Pm. 

Per Cent, of 
Real Acid. 

j 

Pm. 

Per Cent, of 
Real Add. 

Pm. 

Per Cent, of 
Real Acid. 

0-95 

23-2 


20-4 

1-3 

19-3 

; 1-9 

18-6 

0-10 

22-9 

0-76 

20-24 

1-4 

19-1 

' 2-0 

18-5 

0-2 

22-3 

0-8 

20-2 

1-5 

19-0 

2-1 

18-4 

0-3 

21-8 


19-9 

1-6 

18-9 

2-3 

18-3 

0-4 

21-4 

1-1 

19-5 

1 

18-8 

2-4 

18-1 

0-5 

21-1 

1-2 

19-4 

' 1-8 

18-7 

2-5 

18-0 

0-6 

20-7 








It is evident that there exists for each pressure a corresponding aqueous acid with a constant 
boiling point, which distils over, that is to say, under this pressure with unchanged composition. 

With regard to varying temperatures, when an aqueous solution is vaporized by passing dry air 
through it, similar varying liquids with constant boiling points are obtained. This will be readily 
seen from the following table 


» — : 

T °. 

Per Cent. [ 
of Beal Aci(L 

'JO 

Per Cent. 

' of Real Acid. 

T °. 

t Per Cent. 

' of Real Acid. 

T °. 

Per Cent, 
of Real Acid. 


‘Jb-O 

30 

24-1 

55 

23-2 

80 

22-0 

5 

24-9 i 

35 

23-9 

60 

23-0 

85 

21-7 

. 10« 

24-7 

40 

23-8 

65 

22-8 

90 

21-4 

15 

24-6 

45 

23-6 

70 

22-6 

1 95 

21-1 

20 

25 

24-4 

24-3 

50 

1 

23-4 

75 j 

; ! 

22-3 

a. 

100 

i 

20-7 
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The powerful aflBnity existing between hydrochloric acid and water, to which reference has been 
made, is shown by the well-known white fumes which are formed when the gas is allowed to come 
into contact with the moisture of the atmosphere. As a pure gas it is invisible. Evolved into the 
air, it occupies a space several hundred times its original bulk. The aqueous solution is decom- 
posed by all the metals which decompose water at a red heat, the metal being dissolved and 
hydrogen set free. The liquefied acid dissolves bitumen. Neither gas nor solution possesses 
bleaching properties. 

A place in the arts and manufactures, only second perhaps to that occupied by sulphuric acid, 
must be assigned to hydrochloric acid, so largely does it enter into every-day commercial life. The 
great bulk is used in the manufacture of chlorine for various purposes, of the hypochlorites, and 
bicarbonate of soda. It is also employed to a considerable extent in the manufacture of chloride of 
zinc — used in the preservation of timber, &c., and as a disinfectant — of glue, the oxychloride 
of lead, the chlorides of tin, antimony, ammonium, mercury, &c. ; in the preparation of certain 
freezing mixtures, in softening ivory, in cleaning tin plates, and in dissolving the incrustation 
upon boilers and pipes. In bleaching, hydrochloric is often substituted for sulphuric acid to make 
the “sours” which follow the application of chloride of lime, and it is thought to give better 
results, especially in cloths destined for garancine work. Finally it forms, with nitric acid, the 
solvent of gold, platinum, and various alloys known by the name of aqua regia, to which further 
reference will be made. 

HydKx^oric acid is produced by the direct union of hydrogen and chlorine gases ; by the 
action of water upon certain chlorides — phosphorus, tin, antimony, &c. ; by the action of chlorine 
gas upon various substances containing hydrogen — water, phosphuretted hydrogen, and numerous 
organic bodies, such as acetic acid ; by the inverse action of hydrogen upon certain chlorine 
compounds, such as chloride of nickel ; but, chiefly, by the decomposition of common salt (chloride 
of sodium) by sulphuric acid. By this last method the huge bulk of the acid of commerce is 
manufactured. 

The direct union of hydrogen and chlorine is attended by some noteworthy circumstances. A mix- 
ture of the two gases, in equal proportions, may be kept in the dark without any change taking place ; 
but if the vessel containing the gases be exposed to the sunshine, or if an electric spark be passed 
through it, an immediate combination, with the formation of hydrochloric acid, will result. When 
Ihe operation is conducted over mercury, no increase or diminution in the volume of gases is noticed, 
one volume of hydrogen uniting with one volume of chlorine to form two volumes of hydrochloric acid. 
This powerful attraction between chlorine and hydrogen is further shown in the second method of 
producing hydrochloric acid cited— the action of chlorine upon certain hydrogenized compounds. 
A solution of the gas in water exposed to the light becomes gradually converted into an aqueous 
solution of hydrochloric acid. In the case of organic compounds, one portion of the attacking 
chlorine unites with the hydrogen, and another takes the place of the hydrogen removed. For 
example, in the decomposition of acetic acid, 

CjH.Oj + 3Clj = CjHCljOj + 3HC1 

Acetic acid. Chlorine. Tri-cbloracelic acid. Hydrochloric acid. t 

The decomposition of chloride of sodium by, sulphuric acid is effected in two ways in 

“cylinders” (retorts of iron, or, occasionally, glass), and in the ordinary sulphate of soda furnace. 
By the former plan the pure commercial article is obtained, — a colourless, or almost colourless 
liquid (sometimes slightly tinged with a pale green, due to the presence of free chlorine), used 
in the production of aqua regia, the chlorides of tin and antimony, and in the finer chemical 
processes. This is usually designated “cylinder acid.” 

From the sulphate of soda manufacture comes the rougher commercial product, made, or used 
on an enormous scale in nearly all the chief chemical industries of the day, and designated “ tower 
acid,” from the method employed for its condensation. This “ tower acid ” is usually of a deep 
yellowish brown colour, from the presence of chloride of iron and organic matter. It is utilized in 
all the larger chemical processes— the manufacture of bicarbonate of soda, and carbonic acid gene- 
rally, of chlorine and the hypochlorites, of zinc chloride and lead oxychloride, of glue, &o. &c. 
The details of these two methods of obtaining liquid hydrochloric acid will now be consideredr 

The arrangement of iron retorts, or cylinders, is shown in sectional elevation and longitudinal 
section in Figs. 86 and 87. It consists of a series of cast-iron cylinders, 6 ft. long by 2 ft. 6 in. 
in diameter and 1 in. thick, heat being applied from an underneath fire. Each cylinder may have 
its separate fireplace, or, as in the drawing, one fire may serve two retorts. This latter plsm tends 
to economize fuel. The products of combustion pass round the cylinders and escape by the openings 
and flues a, b, c, to the chimney. The ends of the retorts consist of movable Ml, which are closely 
luted with clay when the furnace is at work. Six cwt. of salt being thrown in through the end over 
the fire, the door is closed, and sulphuric acid at 1-6 sp. gr. introduced by means of a funnel showq 
at d, Fig. 87, from a cistern set at a slightly higher level. The fire is then set away, gently at' 
first, but as the end of the operation approaches, shown by the diminution of the evolution of gas. 
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a pretty strong degree of heat most be attained. The hydrochloric acid evolTed passes off through 
an earthenware pipe J to the condensers, and in the retort is left a white mass of sulphate of sodaj 
which is loosened, raked out through the opened door when the furnace has cooled down, and sold 
to alkali makers as crude sulphate. The condensing arrangement consists of a series of Woulfe’s 
bottles, the commencement of which is shown in Fig. 87. The first two or three of these are 
empty, to catch the first acid which comes over contaminated with sulphuric acid, &o. The 


86 . 87 . 



succeeding ones are half filled with water. The range may be of the description shown in Fig. 88, 
the condensed acid being drawn off by cocks set at the bottom of each bottle, or it may be composed 
of bottles connected with earthenware and guttapercha tubes just below the water-level, as shown 
in Fig. 89. In the former case, the acids when withdrawn are mixed together ; in the latter, by 

88 . 



* filling the final bottle, the current is made to flow in contrary direction to the gas, and so may be 
drawn off from the carboy nearest to the cylinder in a saturated state. The final receiver is connected 
■vwth the chimney. The uppermost portion of the retorts in this process is very speedily acted upon by 
the acid fumes. To meet this, a custom of turning the cylinders occasionally prevails, exposing the 


89 . 



I.'.. 




y/-- 












• » 

part that was originally next the fire to the action of the gases, and vice versa. A better plan is that 
shown in Fig. 90. The cylinder is cast in two halves, firmly bolted together, the joints being 
bedded with fire-cla^ and water, or red lead. The upper half is arranged to admit of a fire-brick 
easing, which can be removed from time to time, and preserves the metal from corrosion. The only 
^^jigection tt this plan is that it necessitates the consumption of some little extra fuel. 

Pure commercial hydrochloric acid is also obtained by the decomposition of salt by sulphuric 
acid in small glass retorts. This process has found especial favour in France, where it is pursued 
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to a considerable extent. The arrangement is shown in Figs. 91 and 92. The retorts are set, 
in rows of any convenient number, in brickwork, and are connected by a short arm with a glass or 
earthenware receiver, which again communicates with a series of Woulfe s bottles. Heat is applied 
from a furnace at one end of the system, and after traversing the whole range, finally passes off to 
the chimney. The retorts are usually coated with clay or cement, and may be arched over, or have 

91 . 92 . 


their tops exposed to the air, as may seem desirable. 

The usual plan is that shown in the drawing. In 
Germany a somewhat similar method is adopted, the 
retorts being placed in metal pots or sand furnaces. 

In these processes equivalent quantities of salt 
and acid may he used — two equivalents of the former 
to two of the latter. A mixure of bisulphate of soda, 
hydrochloric acid, and common salt is then first ob- 
tained, and afterwards, at a higher temperature, the 
bisulphate and salt react upon one another, yielding 
hydrochloric acid and a neutral sulphate. It is usual, 
however, for the sake of economizing fuel, and obtain- 
ing a sulphate which is more easily removable and of 
more value, to use an excess of sulphuric acid, to the amount of even two equivalents. The 
“ salt cake ” is esteemed in accordance with its more or less perfect state of decomposition — an 
admixture of free sulphuric acid being in no way despised. 

The yield of acid is somewhat variable. On an average 130 parts of a specific gravity of 1 • 10 
will be obtained from 100 parts of salt. 


The following table gives the possible yield from 

a ton of salt of various degrees 

1 ton of pure salt yields 

.. 


1397 lb. of acid 

1 ton, containing 99 per cent, of pure salt, yields 

1383-6 „ 

„ „ 98 

„ 

yy 

1369-6 

,, 97 

yy 

yy 

1355-6 „ 

„ „ 96 

yy 

yy 

1341-7 

yj yy 95 

„ 

yy 

1327-7 

yy yy 94 

yy 

yy 

1313-7 

„ „ 93 

yy 

yy 

1299-7 

„ „ 92 


yy 

1285-8 „ 

yy yy 91 

yy 

,, 

1271-8 

yy yy 90 

yy 

yy 

1257-8 


Fully five-sixths of the total production of hydrochloric acid is manufactured as a bye-product 
in the Leblanc soda process, in that section of it devoted to the obtaining of sulphate of soda. 
Common salt is decomposed by sulphuric acid of about 130° Tw. in some such apparatus as that set 
forth in Figs. 93, 91, and 95, hydrochloric acid being evolved, and afterwards condensed or dissolved 
in water, and a 96 per cent, sulphate of soda left behind. There are many modifications of this 
decomposing process, which will be described in detail under Sulphate of Soda. For the pAisent, 
only one plan will be considered, that obtaining in the large majority of works at the present day, 
A, Figs. 93 and 91, is a cast-iron “ pan ” or “pot,” hemispherical in shape, 9 ft. in diameter inside 
measurement, 2 ft. deep, 6 in. thick at the lower side or “ belly,” and tapering to 3 in. thick at /he 
flanges. This pan is arched over with 9 in. brickwork, and sits upon a circular “ shade” waU, shown 
at B, Fig. 93, 2 ft. high and in. thick. Further support is also given hy resting the flanges 
upon the outside walls at C C. This arrangement, with an independent arch,«.lloW 3 of the ready 
setting of a new pan whenever required by accident or ordinary wear and tear. The front brick- 
work and shade wall are pulled down, all the rest of the apparatus being left intact, thff'old pan^'" 
taken out upon a bogie, a new one run in upon its seat, and the shade wall and front brickwork 
restored. This speedy renewal is an important consideration, as the cost of a new pan, including 
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the stoppage of work, is about 1507. Heat is applied from a fire undcTneath, shown at D. The arch E 
prevents the direct playing of the fire upon the pan, the flames being conducted away through pigeon- 
holes at the sides aud ends of the arch, and allowed to circulate freely round the flue formed by the 
shade wall and the outside brickwork before passing off to the chimney. The “ setting ” of a pan 


93 . 



requires the greatest care and judgment to avoid breakage. A good decomposing pan will last with 
judicious use for fifteen months, working off 8 cwt. of salt per hour. As a great deal depends upon 
the care taken by the “pan men,’’ it is usual to give them a small monthly premium as soon as the 
pan has lasted for twelve months. Besides accidental breakage from defects in the casting, a fre- 



quent cause of disaster is the running in of cold acid upon a pan which has been hastily heated 
for its work, or allowed to get red hot between the working off of one batch and the introduc- 
tion of another. Occasionally, too, the sulphate of soda, or mixture of salt and acid, cakes upon the 
bottom of the pan, causing that particular spot to get unduly hot. 

An important modi- 
fication of pan setting 
is shown in Fig. 96. 

This has come into 
use only of late years, 
chiefly upon the re- 
commendation of the 
Government insi)ec- 
tors, with a view to 
prevent the escape of 
acid caused by a 
pan iSiling over. It 
will be observed that 
the arch, instead of 
being independent, 
springs from an angle 
iron riveted upon the 

flange of the pan, S> that any signs of boiling over are at once observed, and the escaping liquid 
does not drop upon the fire arch, and by its destruction endanger the life of the pan. These advan- 
■Wges are, ffowever, more than counterbalanced by the necessarily unreliable construction of the pan 
arch arising from its circular shape, and the fact that the work of removing an old pan and setting 
a new one takes twice as long as when an independent and strong arch is thrown across. In either 
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case' the fireplace and accessories are the same. A view of the shade wall, fire arch, and pigeon- 
holes, &c., is given ia Fig. 97. 

Referring again to Fig. 93, a charge of salt, weighing about 8 cwt., is thrown into the pan 
through the sliding door F, and about 8 cwt. of sulphuric acid introduced through the pipe Gr, 
Fig. 95. Tliis acid is brought from the chambers along a leaden pipe, as required, and may be 
kept in a small “ hatch pan,” as shown in Fig. 96, set alongside, 
and heated by the waste gases from the pan fire. The mixture 
must he kept thoroughly stirred up from the bottom during de- 
composition, and no boiling over allowed. To prevent this, it is 
customary to put a small quantity of tallow or grease upon the 
surface of the mixture as soon as the acid is run in upon the salt. 

All necessary working is carried on through a hole in the door, 
or by raising it 2 or 3 in. It is important to prevent the ingress 
of any considerable amount of air, or else both draught and con- 
densation are impeded, and the escape of pungent acid fumes 
caused. Careful regulation of the heat must be ensured, the fire 
being banked down at the commencement of the operation, and 
only driven at aU hard towards the close. The gas and steam 
evolved during the process escape through an opening in the 
arch of the pan into a range of earthenware pipes, as shown at K, Figs. 93 and 95, through 
which they are conducted to the condenser. After about forty minutes’ boiling and stirring, 
the mixture, — now in a pasty state, and consisting of sulphate and bisulphate of soda, with por- 
tions of undecomposed salt and hydrochloric acid, — is transferred through the opening L into 
the finishing furnace, usually called “ roaster ” or “ drier.” This communication between pan and 
roaster is closed during the working of the batch by a sliding damper hung upon a chain and lever, 
as shown in Fig. 93, and under the ready control of the pan-man. The roaster is a large reverbe- 
ratory furnace of brickwork, supported on the outside with cast-iron plates f in. in thickness, the 
whole being strengthened and secured by iron rods passing over upright binders setintothe ground. 
The bed, or sole, of the furnace is very nearly on a level with the flange of the pan. The dimensions 
of the “ double-bedded ” roaster shown in the drawing are, 20 ft. long from fire-bridge to pan damper, 
7 ft. 9 in. from back to front, and 3 ft. 6 in. from sole to arch. The whole should be erected upon 
a good foundation of concrete to prevent yielding, or “spreading.” A double-bedded furnace, i. e. a 
roaster with two doors and a double sole, is economical, inasmuch as it turns out more work in propor- 
tion to the plant than a single bed, and effects a certain saving of fuel. The sulphate is, moreover, 
worked down more finely in it, and comes out more perfectly decomposed. Heat is applied from a 
fireplace M. The naked flames pass over the bed of the furnace, but are kept from coming into too 
intimate contact with the charge by means of the bridge N, which throws the flames up towards the 
arch. In this roaster the mixture of sulphate and bisulphate is thoroughly turned over and worked, 
every portion being carefully exposed to the action of the fire, and Ihe whole of the hydrochloric acid 
driven off. AU the products of combustion, the gas and the steam, pass off up a brickwork flue O to 
the condenser. A double-bedded roaster allows of the working of two batches at once, one being 
newly discharged from the pan, and the other, at the fire end, nearly ready to be drawn. In many 
works what are called “close,” or “bUnd,” furnaces are employed. In these the fire is conducted 
along flues passing over and under the furnace bed, but is never aUowed to come into contact with the 
charge. “ Close” roasters give a better hydrochloric acid than “open,” condensation being rendered 
much easier, but more fuel per ton of sulphate is consumed, an imperfectly worked article obtained, 
and continual risk of loss of hydrochloric acid gas incurred through leakage into the fire flues. 

FoUowing now the gaseous products of decomposition, the reader ia requested to refer to 
Fig. 98. The hydrochloric acid gas from the pan passes along a range of pipes P to the con- 
denser, and from the roaster along the range R R. The former consists of 3-ft. lengths of earthen- 
ware pipes, 15 in. or 18 in. in diameter, and not less than IJ in. thick, the whole being laid upon a 
suitable wooden platform, with a narrow passage on both sides of the pipes. The joints are spigot 
and faueit, as will be noticed, and should be carefully “ made ” with a stemming of a pe^lmr 
mixture of tar and ground fire-clay. The mixing of this stemming requires attention. If there be 
too much tar present the heat melts it out, and the joint loosens ; if too much fire-clay, the joint 
cannot be made at all. The best plan is to rub just enough tar into the ground clay to snoisfen 
it, and warm the mixture gently upon an iron plate over the fire. Good stemming made in this 
way may be kept for any reasonable length of time without in any way deteriorating. The best 
form of “ stemmer ” is shown in Fig. 99, and may be made of either wood or ir(5i. To prevent any 
considerable amount of condensation and consequent leakage, before the gases reach the condenser 
the range of pan pipes should not be more than about 30 ft. long, and should have ^good f^- 
towards the condenser. If the fall be the other way, the liquid acid runs back, and is liable to crack 
the decomposing pan. 
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For the conveyance of the gases from the roaster many methods are employed, a brick flue being 
a very common one. By this plan, however, unless the flue is of inconvenient and expensive 
length, the gas enters the condenser too hot, and an extra amount of work and water is thereby 
entailed. The best method undoubtedly is a combination of cast-iron pipes and brick flue, as 
shown in Fig. 98. To prevent the burning of the pipes, it is advisable to carry a brick stalk 


a 







and flue for alx)ut 30 ft. from the roaster, and then join into it about 70 ft. of 3-ft. diameter 
pipes, cast in 9-ft. lengths. The whole is supported in any convenient way, and should have a 
slight fall towards the condenser. The stalk should be built of fire-bricks, set in tar and china clay, 
and the area must not be too large. By the employment of cast-iron pipes, such radiation of 
heat is obtained that the ga.se3, leaving the roaster at a temperature of 
about 1100°, enter the condenser cooled down to about 300°, and a ready 
condensation with a minimum of water is secured. A very convenient 
form of support for the pipes is shown in Figs. 100 and 101. It consists of 
an upright metal column, bolted into a stone or concrete foot set in the ground, and gripping the pipe 
firmly, while allowing a free current of air to pass round and underneath. One such support, weighing 
about 11 cwt., under every alternate 9-ft. length of pipe, is sufficient. Man-holes should be fixed 
in about three places along the whole range, to allow of the pipes being periodically and regularly 
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cleaned out. The joints are made by flanges, bolted together, and bedded with the mixture of tar 
and pipeclay already described. It is advisable to have a short length of brick flue also at the con- 
denser end, to prevent the metal being eaten away by condensed acid. The danger arising from 
contraction and expansion is provided against by the two ends of the pipes working with a certain 
amount of freedom in the respective brickwork terminations. An expanding joint should also be 
made abtfut the middle of the range, by bringing two of the pipes together with plain, instead of 
flanged, ends, aud securing them with a collar, as shown at A, Fig. 101. Given good metal, the 
flue described will li^t for many years, without requiring any attention beyond an occasional patch 
of sheet iron. The arrangement should be as far as possible in the open air ; and, to secure a 
prop er dist^ce for both pan and roaster gases to travel, the relative positions of pipes, pan, and 
^^iumace shown in Fig. 98 should be adopted. 

After about 80 ft. of flue, a certain amount of condensation usually takes place. To catch the acid 
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thua formed, the gases are occasionally conducted through the cistern arrangement shown in 102 
103, and 104, before entering the condenser. This consists of a large box, built of good Yorkshire 
flag or freestone, with sides 6 in. and bottom 12 in. thick, the whole being well bound up with 1-im 
iron rods. As shown in tlie drawing, two ranges of pipes may be put into one such cistern ; I'll “ 
expense be not of any great importance, all flues and gases should be kept separate until they Anally 
issue into the chimney flue. The direction of the gas is shown by arrows. The liquid hydrochlonc 
acid which accumulates in the cistern is drawn off by a stopcock of earthenware, let into the side 
close to the bottom. Although somewhat expensive, this cistern arrangement is highly to be recom- 
nienJed. It is put together ia a similar style to that adopted in building the condenser, details of 
which will be given immediately, the sides and ends being let into the bottom stone in., and the 
sides similarly dovetailed into the ends and secured with iron binders. The pipes, as they enter and 
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leave, are supported by a wooden framework, 
which rests upon the cistein cover, — as near 
the corners as possible, to secure solid support. 

The gases now enter their respective con- 
densers. Of these there are many varieties 
of form and size. The best arrangement is 
shown in Fig. 105, which the reader is re- 
quested carefully to study. Inasmuch as an 
ordinarily built condenser weighs 400 to 500 
tons — which is piled up upon not more than 
10 ft. of ground — and costs from 600f. to 
lOOOZ., according to the metal used, it is of 
the first importance that the nature of the 
ground to be dealt with should be carefully 
ascertained, and that a sufBcient and reliable ^ , 

foundation should be laid. The square mass of concrete often adopted is not to be recom- 
mended, inasmuch as it is only trustworthy upon a thick bed of clay or rock, even when it is 
kept intact, and is, moreover, constantly liable to be attacked by escaping acM. Although exceed- 
ingly expensive, the best artificial foundation — the only reliable one — consists of wood piles, about 
12 in. square, driven into the ground not less than 25 ft., and standing only about 9 in. ifpart. 
the heads of these balks of timber are spiked, with a flooring of 3-in. deals laid crossways, bringing the 
foundation level with the ground ; and upon this flooring ia set the stonework base of the condenser. 
This basement may berof the threc-pillar sysfcm shown in Fig. 105, or of solid masonry, as set 
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forth in Figs. 120 and 121. If the latter plan be adopted, the pdes should be driven after the style 
shown in Fig. 106, the dotted lines showing the pile-heads, and the plain lines the balks of timber 
and flooring of deals upon which the pillars are built. This pillar system is to be recommended, not 
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only on account of first coat, but also 
as allowing regular inspection of the 
bottom stone of the condenser. A 
thoroughly-piled foundation is, com- 
paratively speaking, everlasting. It 
affords perfect protection against any 
treacherous nature of the ground, and 
resists any attack of leaking acid. It 
should be rememheredthat the slightest 
sinking of a coAdenser, besides entail- 
ing possible destruction, inevitably 
loosens the joints of the stones, causing 
leakage of gas and enormously in- 
crease wear and tear. Moreover, if 
the whole erection be not perfectly 
plumb, the water finds its way down 
one side or comer, instead of being 
equally distributed, and causes, first, 
escape of hydrochloric acid gas, and 
secondly, the production of a weak 
aqueous tuiid. 

Having laid a satisfactory founda- 
tion, it is advisable to have a stone- 
work basement some 10 or 12 ft. high, 
so that the acid, when it leaves the 
condenser, may flow freely into what- 
ever cistern or receptacle may he pro- 
vided for its reception. In estimating 
the height required, due allowance 
should also be made for the afier- 
utilisation of the acid, without incur- 
ring cost of pumping, &o. The base- 
ment should be of stone, as being 
alone capable of bearing the huge 
weight of the condenser, and resisting 
the action of the acid. The reasons 
for pseferring the pillar system to a 
mass of solid masonry have been 
already set forth. The pillars are the 
full length of the bottom stone, are 
about Sf ft. 6 in. wide, and built in 
“ coiuses ” of varying thickness. Im- - 
mediately above is ^t the botlom stone of the condenser itself. If possible, this should be one 
solid block, not less than 18 in. in thickness, and must be laid absolutely level. A slight concavity 
imthe ceqtre, as shown in the drawing, forms a point of collection for the acid. 

So far both pan and drier condensers are similar in construction, but as the after-details are 
different they must be dealt with separately. The best n aterial for the sides of the pan condenser 
is stone, preferably of the description known as “ Yorkshire flag,” whi"k, although very hard to 
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work — and therefore expensive — is less liable to crack and not so porous as the ordinary freestone. 
These side and end stones must be not less than 6 in. thick, and are roughly quarried to the sizes 
required before delivery. The final accurate gauging and cutting are accomplished as speedily 
as possible, just before they are set in their places, that the joints may have only small chance 
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of incurring injury. The courses vary in height from 2 ft. to 5 ft., the larger ones being placed 
towards the bottom of the condenser. The four stones forming a “ course ”■ — “ sides ” and “ ends ” 
—are cut and fitted together after the manner shown in Figs. 107 and 108. The sides are perfectly 
plain and fit 1^ in. into the ends, which, to receive them, have grooves cut in. wide 
and 1^ in. deep. Every course is firmly bound together and screwed up by two 1-in. 
iron rods, with a head at one end and nut at the other, which pass through IJ-in. 
holes drilled in the side stones. To bind the several courses together, strengthen the 
whole erection and prevent, as far as possible, the iron bolts coming in contact with 
the stone ; 9 in. x 3 in. deals, as shown at a a a o. Fig. 108, pass down the four comers 
of the condenser from top to bottom. The horizontal joints of the stones are bevelled 
downward with a 3-in. slope, as shown in Fig. 109, and are set with a mixture of tar 
and very finely ground china or pipeclay. The thickness of these horizontal joints should 
not exceed one-eighth of an inch. The tar and clay mixture should be used as hot as 
possible, and is also used for bedding the sides into the ends. “ Feather ” drills, shown 
at 6 6 6 6, Fig. 108, are cut in the atones from top to bottom, forming a diamond-shaped 
interstice when the sides and ends come together, and are carefully stemmed when each 
course is laid with the dry mixture of tar and fire-clay, before described. A good size of 
condenser for a pan working 8 cwt. of salt per homr is 6 ft. square and 60 ft. high from 
bottom to top stone. The lowest course is let into the bottom stone about IJ in., and 
carefully stemmed to prevent any escape of acid. If it be desirable for any reason to 
have a larger area than 6 ft. square, it will be found necessary probably to have the 
bottom stone in two halves. The best method of jointing is shown in Fig. 1 10, in cross-section, and 
must be most carefuliy made. Two “ feathers,” shown at a a, are drilled and stemmed perfectly 
hard. A stout iron bar should also be let into the stones, as shown in Fig. Ill, to prevent 
spreading. The acid as it forms is conducted away by an earthenware pipe, 3 in. in diameter, whi(fii 
sits on the bottom of the concavity mentioned, and passes through one of the sides. 

Occasionally a pan condenser is built of brick instead of stone. This method, which should 
only be adopted in building roaster condenser, is shown in Fig. 1 10, and will receive further attention 



hereafter. Another plan of jointing the stones is shown in Fig. 112, which will readil/ explain 
itself. The corners, very carefully bevelled, are simply bedded together and secured by angles of 
timber, which rim from the bottom to the top of the condenser, and are bound jg^p at every four feet 
with iron rods, which pass through the angle irons shown at c o c o. It will be readily appreciated 
that, when simple joints of this kind are employed, any slight defect in dressing the stores is fatal. 
Occasionally the bevelled edges of the stone are simply screwed up by the iron binders upon a tSm" 
cord of indiarubber, running from the top to the bottom of the condenser in place of the diamond- 
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riiaped stemming. Upon the whole, howerer, the best methods of construction and arrangement are 
those already described, which give the results of a long practical- experience. 

The condenser is closed at the top by a flag 4^ in. thick, and sitting in. upon the sides of the 
tower, which are cut down to receive it. A series of holes are pierced in this cover, and into them 
are fixed small lutes of the d^ription shown in Figs. 113 and 114, which prevent any escape of 
gas from the interior of the condenser, and allow the free passage of a regulated 
supply of water. A plan and section of the cover, with lutes, is given in Figs. 115 
and 116. If the condenser be too large for one stone, two may be conveniently 
used, the bevelled edges being brought together and stemmed, as shown in the 
drawings. In this case the stone support A should be fixed in the sides and run 
across the condenser exactly under the joint of the covem. The lutes should be 
carefully bedded with soft tar and china clay, and must be level with the surface . ii4. 
of the stones. Upon the cover are fixed two ** tumbling boxes * of the form shown 
in Figs. 117 and 118, by which an easily regulated supply of water from a cistern 
and tap arrangement above is evenly distributed over every portion of the con- 
denser. These boxes should not be too much raised above the covers lest the 
dash of water when they “ tumble ” should throw the small and light lute caps 
out of their places. Occasionally larger lutes are employed, with a separate 
waterduct leading into each, but by this plan the dislribution of the water is 
rendered very uneven through the constant choking of the necessarily small pipes. Many other 
methods are known and recommended, but the combination of small lute and tumbling box described 
is by far the best, admitting of easy r^ulation, perfect distribution, and certain work without much 





The water cistern and house arrangements upon the top of the condensers are sufficiently 
indicated in the figures. No special explanation is necessary. It must be noticed, however, that an 
unfailing supply of water must be secured and maintained, and that it is therefore important tiiat 
the cistern and system of water pipes should be of the most permanent and durable character. A 
short or intermittent water-supply causes endless mischief to both plant and work, and allows 
scaping hydrochloric acid gas to work serious havoc among the surrounding vegetetion. 

Turning to the interior of the pan condenser and referring again to Fig. 105, it will be observed 
that the gas enters about 9 in. above the bottom stone. The conducting pipe should pass well 
through the side, and protrude 6 or 8 in. within the interior. About 
12 in. above this ingress pipe, an open, dry, arch of firebrick, with a good 
crop, is thrown, to support the “ packing.” The method of building this 
arch wijl be readily understood from the plan. Fig. 119. The crop is 
levelled up with open flue work of bricks, and then flints, carefully 
cleaned, are fcrown in to a depth of about 3 ft., to prevent the soft super- 
incumbent coke from choking up the passages. Instead of a brick arch, 
stone joists not less tlmn 16 in. deep, may be used, supported upon 4^-in. 

.-tr ht^Sk waiyr They are, however, liable to crack, from the great weight resting upon them, and from 
cmistant va^tion of temperature. Above the flints comes a “ packing ” of well-sifted and hard-burnt 
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coke, thrown loosely in to a depth of about 25 ft. The coke should be burnt for ninety-siz hours, and 
must be free from smalls when put into the condenser, that choking may be as far as possible prerented. 
Bather more than half-way up the tower a second, dry, 9-in. arch of firebricks is thrown across and 
levelled up to the crop with open firebrick fines. Above this comes another packing of coke to within 
about 5 ft. of the top cover. The object of the second brick Arch is to relieve the lower portion of the 
condenser of at least one-third of the total weight of “ packing.” About 12 in. below the cover an 
earthenware pipe is inserted in the side of the condenser to carry off the steam and whatever waste 
gases may be left. This final pipe arrangement is shown in the drawing as continued up the side 
of the cistern and issuing into the air. It may, however, be carried down and put into any con- 
venient flue leading to the works’ chimney. The plan shown is preferable, as an experienced eye 
can at once detect from the appearance of the gases passing away if there is any considerable amount 
of hydrochloric acid present. In this way so small an escape as 5 per cent, can be readily ascer- 
tained, and steps immediately taken to secure more perfect condensation. It should be stated that 
the employment of flints in packing is a necessary evil, and the quantity should therefore be as small 
as possible. They offer only a comparatively small condensing surface, and cannot be thoroughly 
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cleansed &om closely adhering impurities, which, half dissolved by the hydrochloric acid, ifievitflbly 
choke up the interstices to a certain extent. 

In Figs. 120 and 121 are two given views of the exterior of a set of condenjps, in front and side 
elevation. It is very desirable to adopt some such arrangement as that h^ shown, and not to 
distribute the towers about the works. Great additional strength is secured by the outside bracing, 
which is rendered possible, and by the enlarged foundation. The supervision and wraking of'^' 
tpwms are conducted with ease, convenience, and economy, and an actual saving in plant is effected 
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by the cencenbaticm of cistern, pipe^ and platform arrangements. Har..over, the dang<» and loss 
arising firom a possible escape of acid are localized and reduced to a minimum. Some slight 
variations of the methods before described will be noticed, such as are rather matters of taste than 
necessity. One important modiflcation, however, is shown. Between the pile-heads and basement 
(in this case solid masonry is given) a cotfbrete bed will be observed. This consists of an intimate 
mixture of broken bricks — or any similar porous material — and pitch, or asphalte, and is highly to 
be recommended if well laid. The materials must be carefully selected, &eed from all dust, and a 
thorough mixture effected with the pitch. If these precautions be not observed, such an addition 
to the ordinary piled foundation, before described, is a source of weakness rather than strength. 

Some details relating to tlie provision for condensing the gases from the roaster must now he 
given, attention being directed to the towers in Fig. 103, marked 2 and 3. The interior and the 
arrangements for distributing the water and securing a regular supply may he dismissed at once, 
as similar to those of the pan condenser. It wiU usually be found advisable, however, to carry the 
open brickwork above the bottom arch to a height of about 5 ft., to guard against any danger to the 
coke fean the heat of the entering gases. The material of which the tower may be built is to a great 
extent a matter of choice. Brickwork, which is decidedly objectionable in the case of a pan con- 
denser, on account of the lower temperature and consequent greater condenMtion and potency of 
acid, may be here employed with very good results. I£ however, first cost be not of great conse- 
quence, the stones already described make the best and most durable condenser. If brickwork be 
chosen it must be carried to a height of about 10 ft., not less than 18 in. thick, and from that point 
to the cover 14 in. thick. Above the cover the walls may be conveniently carried up 9 in. thick for 
6 or 7 ft. to form a house for the tumbling-box arrangements, and to carry the cistern. The 
bricks are set with a soft heated mixture of tar and finely-ground china or pipeclay, and all joints 
must be as thin as possible to prevent leakage of acid. The walls are let into the bottom stone after 
the manner shown in Fig. 110, and are bound up by strong timber corner-pieces passing from the 
top to the bottom of the condenser, and screwed up at every 4 ft. by the iron binders already 
described. The exact arrangement is shown in Fig. 122. The best dimensions of a roaster con- 
denser are 6 ft. square interior measurement, and 50 ft. from bottom 
stone to cover. When all the products of combustion from the fire 
pass into the condenser, only a carefully-selected coke should be used, 
to prevent as far as possible choking of the condenser. Whether coal 
or coke be employe^ however, it is necessary to keep a much greater 
draught upon the roaster than upon the pan condenser, and hence a 
considerable amount of hydrochloric acid is carried through4he packing 
retaining its gaseous condition. The necessity for securing a sufScient 
draught also cuts down the amount of coke which can be used, as will 
be noticed from the drawing, and hence the escape of gas is fiicilitated. 

<To meet this, and to secure perfect condensation, the small tower 
marked 3, Fig. 105, is usnally added to the roaster condensing arrange- 
rnept. This apparatus, or “ flush tower,” is constructed in similar 
maimer to the pan, or drier, condenser, of brick or stone, preferably the latter. Into it are conducted 
by a range of earthenware pipes all gases passing off from the first tower uncondensed. The 
packing may be of open brickwork thronghout, or a small amount of coke may be laid on the top, 
not ifiore than 4 or 5 ft., that there may be no unnecessary impeding of the draught. The 
condensing liquid is distributed over fte surface of the flush tower packing in the manner already 
described, and may be supplied by a pipe leading from one of the other cisterns. Good dimen- 
sions for a flush tower are the following:— 35 ft. from bottom stone to cover, 4 ft. long and 3 ft. 
wide interior measurement. These sizes, however, may be varied to suit convenience, without 
entailing imperfect condensation. 

The working of these condensing arrangements will be already probably well understood from 
the description given. The gases from the pan are carried slowly up their condenser through the 
coke packing, and, meeting the descending water, are returned in the shape of liquid acid, frill to 
the bottom, and flow through the small earthenware duct to whatever reservoir may be provided. 

The roaster gases are treated in similar fashion, the uncondensed portions being washed down 
the flush tower with whatever amount of water may be necessary to secure thorough condensatioD. 
The water supply upon the pan condenser is so regulated as to obtain an acid of about 25° 
Tw. Asf. The acid from the roasters cannot be obtained of greater strength than 18° to 20°, 
or else a considerable loss is sustained by the large amount of uncondensed gas which has to be 
finally washed down. From the flush tower the water, with a slight acid taste and reaction, runs 
off at about 2° Tw. ^ndensation may be' made so perfect in the pan condenser that litmus paper 
hdd in the escaping gases is not reddened. To' effect this very desirable result, however, careful 
regnl^on of draught and thorough supervision are necessary. The escaping gases ftmn the flush 
towm- ^iMild not contain more than 1 per cent, of hydrochloric acid. 
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'When the mann&ctnrer estimates that the value of the available acid obtained from the toaster 
in the manner described does not compensate for the increased cost incurred by burning coke 
instead of coal, it is nsoal to arrange the packing of the condenser in the manner shown in the 
drawing of the flush tower, and wash down the whole of the gases at once with whatever amount of 
water may be necessary to secure thorough condensation,grithout regard to the strength of the acid 
obtained. This plan may also be adopted when the acid is intended for the evolution of carbonic 
anhydride from chalk or marble, as in the manufacture of bicarbonate of soda. 

An ingenious method of condensation has been devised, and occasionally adopted, consisting in 
the subjection of the gases to the action of a fine spray of water, in a stone box similar in form to 
that shown in Figs. 102 and 103. As an appendage to the ordinary condensing apparatus, this 
simple devioe is of great service. By itself it is not sufficient for the amount of work usually required. 

In place of the iron and earthenware pipes described, it has been proposed to make the gases * 
pass from the roaster and pan through ranges of glass pipes of large dimensions. The first cost, 
however, and the expense of repairs and renewal, militate against the success of the system. 
When pipes of unglazed and porous earthenware are used, it is necessary to boil them thoroughly in 
tar for forty^eight hours. So prepared, they are more durable and capable than any other descrip- 
tion of earthenware. 

The octagonal form of stone condenser sometimes to be met with, while very strong and durable, 
is open to the objection of multiplying the number of joints, and, proportionately, the chances of 
leakage. The stones also require the most scrupulous care in dressing, to ensure a perfect fit. 
When brick is the material used, the size of the condenser should be arranged to suit the working 
of the courses, so that there may be as little cutting of the bricks as possible. 

Mr. K. C. Clapham, having due regard to the advantages of an open packing for the roaster 
condenser, and flush tower, has proposed to concentrate the weak acid, which alone is obtainable 
from such an arrangement, by transferring it, by means of an air-pump and cast-iron egg lined 
with guttapercha, to the top of the pan condenser, and causing it to absorb the ascending currents 
of pan gas. In this way a saving of water is effected, and a uniformly strong acid obtained. The 
result, however, does not compensate for the extra cost of working. Mr. Clapham’s arrangement is 
shown in Fig. 123. A is the air-pipe from the engine ; B, the cooling cisterns for weak acids ; 

C, the connecting pipe between the condensers: the pipe leading from the roasters ; B, the pipe 

from the decomposing pan ; F, the cistern for strong acid. 
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Before leaving tiiis part of the subject, it will probably be useful to indicate some common 
faults in the planimg and construction of condensing towers, and to draw attention to some of the 
most important points to be considered in the working. Perhaps the commonest feufi of cofetruc- 
^ tion is the putting of two pans or roasters into the same condenser. It is impossible under this 
system to regulate 4he draughts properly, and a great amount of “ ground ” gas is neeessarily 
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allowed to escape, cansing not only aotnal loss of acid, but serious inconvenience to the workmen 
and injury to the surrounding country. Moreover, at certain recurring stages of the process, an 
enormous accumulation of hydrochloric acid gas is forced into the condensers, which the ordi- 
nary supply of water is utterly inadequate to absorb, and a great portion of which consequently 
paffies oflF into the air. Si mi lar evils are caused when the towers are too small for their work, or 
when the packing becomes choked. The mischief arising from insufficient foundations has already 
been pointed out, and cannot be too carefully considered. No amount of care will compensate for a 
tower being out of plumb, or not perfectly tight. Very frequently the chimney into which the 
roaster gases are finally taken is no higher than the tower itself, or is overworked, and gives only 
an insafficient draught. Careless building, leaving wide joints between the bricks or stones, is a 
pregnant source of evil, as no mere bedding will withstand the action of the acid. In working the 
condensers, the question of a properly-regulated draught is of the first importance. Faultlessly 
planned and constructed towers are often spoiled in result by too great a draught being allowed. It 
is essential to have a carefully-managed system of dampers in both pan and roaster pipes, so mani- 
pulated that the gas in furnaces and condensers hangs back— just short of “ blowing out.” Inas- 
much as a rapid draught enables the workman to get through his work more easily and speedily, 
the regulation of these dampers should be entrusted only to some competent manager or foreman, to 
guard against their being tampered with. The supply of water to cisterns and tumbling-boxes 
must be likewise under perfect control, all pipes being kept clear, or freed at once when choked. 
Finally, the damper between the pan and roaster must be kept as tight as possible, and well luted. 
The latter, having the greater draught, is apt to draw the pan gas away, and the roaster condenser 
is thm^eby overworked. On the other hand, if the heat from the roaster enters the pan pipes, the 
efficiency of the pan condenser is impaired, and the earthenware pipes are liable to be cracked. When 
the stream of water meets the stream of gas going up, the condensation is much better than when 
water and gas come down together. For this reason to make a double condenser, or one divided 
into two parts, the gas going up one side and down another, is a mistake. The packing of a 
roaster tower should last for three years without renewal, that of a pan condenser for five years. 

The introduction of the decomposing pan now in common use in Fngland is of comparatively 
recent date. Until about twenty-five years ago, the decomposition of salt and manufacture of sul- 
phate of soda were earned on in what were called dandy ** furnaces. A somewhat similar appa- 
ratus is still in use in France, and is shown in section and plan in Figs, 124 and 125. Keferring to 
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Fig. 124, A is a rectangular pan or trough, formed of masonry, bricks, or metal, lined with lead, 
about 8 ft. long, 6 ft. wide, and 1 ft. deep. A damper working in a sand-bath, in similar fashion 
to that in use in this oountiy, separates this pan from B, which is an ordinary reverberatory furnace, 
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var?&g in Size according to the judgment or experience of the manufacturer. Both furnaces are 
heated by a fire situated at the end of B, and one continuous arch forms the roof of the whole 
^^mratus. The charge of salt, weighing up to 24 cwt., is introduced into^ through the door o' 
and sulphuric acid of specific gravity 1*59, and in the proportion of 111 parts to every 100 parts of 
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salt is nm in from an adjoining cistern placed upon a higher level. The door is then closed, and 
decomposition allowed to proceed. The hydrochloric acid evolved passes off the pipes c c to a 
series of condensing bottles. When the mass attains a pasty consistency the damper is raised 
and the charge transferred to the sole of the fnmace B, where it is finally worked np as in an 
English roaster. When the operation is completed, the cover D is removed and the snlphate 
of soda raked down into the receptacle E to cool. ^The heat and products of combustion, together 
with all the hydrochloric acid evolved in the fumaL-e, are carried down the holes shown in the 
comers at //, Fig. 125, from thence under the sole of the pan in the direction indicated by the 
arrows, and finally pass off to a series of Wonlfe’s bottles, along the fines or pipes 6 G. By this 
means the necessity of having an independent pan fire is avoided. The condensation is, how- 
ever, exceedingly imperfect, especially that of the heated furnace gases. An ingenious and more 
successful plan is adopted in the district of the Vosges, and is shown in Fig. 126. The bottles, or 
“ dames-jcannes,” are replaced by small cisterns built of hard stone, and set one above another. 
The interior capacity is about 2 cubic metres, and the sides 20 centimetres thick. The range is 



made of any suitable length, depending upon the consumption of salt, is inexpensive to build, and, 
comparatively speaking, indestructible. The cisterns are filled about one-third with water, and 
communicate by means of small leaden pipes set just at the surface of the liquid, and by larger 
earthenware gas pipes inserted in the covers. The gas enters the lowest box, or cistern, and travels 
upwards. Meeting the water, and exposed to a large condensing surface, liquid acid is formed, the 
water, or weak acid, becoming more aud more saturated as it flows down &bm box to box, and 
finally passing over into the vessel A, at any strength that may be required. 

The chief methods for the condensation of hydrochloric acid which have been noticed, and the 
various apparatus described, obtaii^ when other processes than the ordinary decomposition of salt 
by sulphuric acid are employed. Of these Inay be cited the several plans devised for the direct action 
of sulphiuic acid from pyrites, upon chloride of sodium, and the decomposition of salt by crystallized 
sulphate of magnesia, both of which processes have received a large amount of attention. 

Two other plans occasionally adopted for rendering hydrochloric acid gas harmless, when its 
recovery as aqueous acid is not desired, are worthy of mention. The one is to pass the gas alo&g 
galleries, where it meets with a constant and heavy flow of water — sea water, where its use is practi- 
cable — and is absorbed, the infinitely weak solution running off as a waste product. The second 
process consists of an arrangement of flue between furnaces and chimney, filled with blocks of 
chalk. The acid gas acts upon the carbonate of lime, producing carbonic anhydride, which passes 
o£^ and chloride of calcium. The chalk requires frequent renewal, and the flue constant supervision. 
This very clumsy method is adopted only in certain parts of the Continent where chalk is abundant, 
and obtainable at a nominal cost. Occasionally the flues themselves are cut through a chalk formation. 

When due regard is had to the enormous volumes of hydrochloric acid gas that are being daily 
evolved from manifold chemical industries and the injurious effects of such emanations upon health 
and upon the surrounding vegetation, it is not surprising that stringent measures should be taken 
to enforce abatement of the nuisance. Indeed, the only wonder is that manufacturers, who ought 
to appreciate the loss of a valuable bye product through inefBcient condensation, should be. slow in 
adopting the best possible means to so worthy an end, and should require to have the rfscessity 
for a carefully organized plant, and working, so continually enforced at the point of law. 

In the year 1862, a Select Committee of the House of Lords was appointed to inquire into the 
injury resulting from noxious vapours in certain manufacturing processes, and, after takii^ evidence 
on the subject, made their report during the same session of Parliament. They found that great 
injury was done to vegetation, the chief offenders being alkali and copper works, expressed no 
opinion on the effect of these vapours on human life or health, but stat^ that, in their belief, 
a nim als were indirectly affected by the poisoning of the grass upon which they fed. It was not 
recommended that copper works should be made the subject of special legislation, “as, nnha^ily, 
no means have yet been devised of neutralizing the effects of the vapours evolved during the 
manufacture of copp^ consistently with the carrying cm of this important branch of industry,” 
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bnt it was stated that apon the evidenoe of both scientific men and of mannfactuiets themselves 
it was not only possible but easy to cany on alkali works withont causing injury to the neighbour- 
hood. Therefore, while expressing an opinion that the legislature should not attempt to prescribe 
the specific process by which the nuisance should be prevented, the committee recommended that 
a bill should be introduced attaching a substantial penalty to the escape of muriatic or hydro- 
chloric acid gas, appointing inspectors with ample powers wholly independent of local control and 
uifinence, and granting any person who conceived himself to be injured liberty to sue the manu- 
facturer at Quarter Sessions, without appeal to the superior courts. 

These recommendations bore speedy fimit. By the Alkali Act of 1863 (26 and 27 Viet., cap. 1 24), 
it was enacted as follows, viz. ; — “ The term ‘alkali work’ shall mean every work for the manufac- 
ture of alkaU, sulphate of soda, or sulphate of potash in which muriatic acid gas is evolved. 

“ Every alkali work shall be carried on in such a manner as to secure the condensation, to the 
satisfaction of the inspector, derived finm his own examination, or from that of a subr inspector, of not 
less than 95 per cent, of the muriatic acid gas evolved therein : Provided always that nothing herein 
contained shall entitle the inspector to direct any alteration to be made in the process of manufac- 
ture, or the appai atus used therein. If any alkali work is carried on in contravention of this section, 
the owner of that work shall, on its being made to appear to the court before which any proceedings 
for recovery of a penalty may be instituted that 95 per cent, at least of the muriatic acid gas evolved 
in such work has not b^n condensed, be deemed gidlty of an offence against thia Act, and be subject, 
in respect of the first conviction to a penalty not exce^ing SOI., and in respect of every offence after 
a previous conviction to a penalty not exceeding lOOZ . ; Provided always that no such owner shall 
be convicted of more than one such offence in respect of any one day. 

“ The owner of any alkali work in which any offence against this Act has been proved to have 
been committed, and for which a pecuniary penalty may be imposed, shall in every case be deemed 
to have committed the offence, and shall be liable to pay the penalty, unless he shall prove . . . 
that he has used due diligence to comply with and to enforce the execution of this Act, and that the 
offence in question was committed by some agent, servant, or workman, whom he shall charge by 
name as the actual offender, withont his knowledge, consent, or connivance, in which case such 
agent, servant, or workman shall be liable to, and may be sued for, the payment of the penalty and 
of the costs of all proceedings . . . : Provided that it shall be lawful for the inspector to proceed 
in the first instance against the person whom he shall believe to be the actual offender, without first 
proceeding against the owner. 

“ Ko alkaU work shall be carried on ... at any time after the expiration of three months after 
the appointment of the inspector, until such work has been registered by the owner with the inspec- 
tor. In every register hereby required to be made there shall be inserted the name in fall of the 
owner and of the parish or township in which the work is Auated, and within one mouth after 
change of ownership . . . the register of such work shall be tended by inserting the name of the 
new ovmer ; and if any alkali work is carried on in contravention of this section, the owner thereof 
shall, on conviction, be . , . subject to a penalty not exceeding 51. for every day daring which such 
Work shall have been so carried on. 

“For the purpose of carrying into effect the provisions of this Act, the Board of Trade may, from 
time to time, appoint any fit and proper person to be inspector of alkali works under this Act. 

“ It shall be the duty of every inspector to ascertain from time to time that all the alkali works 
are carried on in conformity with the provisions of this Act, and to enforce such provisions, and to 
cause notice to be given to every owner whose work shall be carried on in contravention of this Act, 
of the commission of such offence as soon as conveniently may be after the commission thereof ; and, 
with a view to the performance of that duty, he, or any sub-inspector, may at aU reasonable times, 
by day and night, without giving previous notice, but so as not to interrupt the process of the manu- 
facture, enter upon and inspect any alkali work, and examine into the efficiency of the condensing 
apparatus, and the quantity of muriatic acid gas condensed. And the owner .... shall furnish a 
plan, to be kept secret by such inspector, of those parts of the works in which the decomposition of salt, 
or other process causing the evolution of muriatic acid gas, or the condensation thereof, is carried on. 

“®very person who wilfully obstructs any inspector or sub-inspector in the execution of this 
Act, and every owner who refuses or neglects to afford the facilities necessary for making any entry, 
inspection, examination, or testing, under this Act, . . . shall incur a penalty not exceeding 10/.’’ 

.Th^Board of Trade appointed an inspector. Dr. Angus Smith, and four sub-inspectors, whose 
head-quarters have been : — 

1. Liverpool — ^the district including Widnes, St. Helen’s, Flint, Bristol, and Swansea. 

2. Manchester-«the district incluimg the eastern part of Lancashire, the country round Bir- 

mingham, Yorkshire, and London. 

•>3. Nowcastle-on-Tyne — the district including both banks of the Tyne, Middlesborongh, and 
Seaham. 

4. Glasgow — the district induding all Scotland and Ireland. 
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Under the Public Health Act of 1872 (35 and 36 Viet.) it was directed that the powers and duties 
of the Board of Trade under the 1863 Act should be transferred to, and exercisable by, the Local 
Government Board. 

The effects of this legislation were at once beneficial to the public and not unduly onerous to 
the manufacturer. A huge increase, however, took place in the chemical industries of the oountryj 
so that the number of escapes neutralized to a great extent the advantages gained. Moreover, the 
exceedingly prosperous state of the trade introduced greater laxity at a time when the work of 
supervising became more difficult. Dr. Smith, therefore, recommended that more stringent legisla- 
tion should be initiated, and that other works than those engaged in the alkali manufacture should 
be brought imder supervision. This was the more reasonable inasmuch as it was proved that the 
additional care which manufacturers were compelled to bestow upon the condensation of their 
gases, and the large sums of money which were spent upon the necessary apparatus had eventuated 
in an absolute gain — an additional profit. 

Consequently, an Act (37 and 38 Viet., cap. 43), passed in 1874, further defined the term “Alkali 
Work ” of the principal Act of 1863, as including the “ formation of any sulphate in the treatment of 
copper ores by common salt or other chlorides,” and, reciting the provision of the principal Act 
securing the condensation of such percentage of muriatic acid gas as therein mentioned, enacts as 
follows, viz. : — 

“ In addition to the condensation of such percentage of muriatic acid gas as aforesaid, every 
alkali work shall be carried on in such manner as to secure the condensation, to the satisfaction of 
the inspector .... of the muriatic acid gas evolved, to such an extent that in each cubic foot of 
air, smoke or chimney gases escaping from the uorks into the atmosphere, there is not contained mere than 
one-fifth part of a grain of muriatic acid” By this Act it was also ordained that under certain 
penalties the owners of alkali works “ shall nse the best practicable means of preventing the 
discharge into the atmosphere of all other noxious gases arising from such work, or of rendering 
such gases harmless when discharged.” The penalties attaching to the contravention of the Acts 
were ordered to be the same as those set forth in the 1863 Act, with the additions referred to for 
securing the better condensation of gases other than muriatic acid gas. “ Noxious gas ” was defined 
as meaning sulphuric acid ; sulphurous acid — except that arising from the combustion of coals ; 
nitric acid, or other noxious oxides of nitrogen ; sulphuretted hydrogen, and chlorine. 

This Act came into operation on the 1st of March, 1875, and wrought considerable improve- 
ment. Still complaints of nuisance and damage were rife, and various petitions on the subject 
were presented to Parliament, resulting in the appointment of a select co mm ittee to inquire into 
the whole matter, and to report upon the best means to be adopted for the prevention of injury 
arising from the exhalation of noxious gases. The Committee sat from time to time from August, 
1876, to August, 1878, at Liverpool,1S'ynemouth, Newcastle-upon-Tyne, Swansea, and London, and 
received from all parties interested a voluminous mass of evidence. The result was embodied in a 
Eeport drawn up in the summer of 1878, and, in the recommendations set down, the probable 
legislation of the immediate future is foreshadowed. It was proved to the satisfaction of the 
Commission that enormous damage to vegetation and live stock was caused by the emission of 
noxious vapours, which was not compensated by the increased value of land in the immediate 
neighbourhood of the works. With respect to the question of health, the Committee stated that 
they were “ unable to say that the statistics adduced furnish any convincing proof of the injurious 
effects of the vapeurs.” It was shown that a considerable degree of laxity entered into the 
administration of the present regulations, that the desultory visits of the inspectors were in 
adequate to the work to be performed, and, especially, that it was works other than those engaged 
in the alkali manufacture, which now required strict supervision and regulation. The following 
recommendations were finally set forth : — 

1. That the number of the inspector’s visits to each work, and all recorded escapes, with the 
names of the works in which they occurred, be published in the Annual Eeport of the Chief 
Inspector, and that the inspectors be impowered to inspect plant, and be required to report 
defective plant to the chief inspector, such report to be published. 

2. That the escape of more than one grain of sulphur, in the form of any of its acids, contained 
in one cubic foot of exit gases, be made an offence under the Acts. 

That the escape of more than half a grain of nitrogen, in the form of any of its acids, contained 
in one cubic foot of exit gases, be made an offence under the Acts. 

That the limitations of acid escape specified, shall not apply to the production of sulphAic acid 
from sulphur gases evolved from the treatment of sidphur compounds, where otherwise the sulphur 
gases would escape uncondensed into the atmosphere. • 

That one cubic foot of exit gases shall mean one cubic foot of exit gases at 60° Fahr., and under 
a barometric pressure corresponding to 30 in. ^ 

That the exit gases shall in each case be ooUected from the exit fine of the chambers before 
entering the chimney. 

3. That the deposit «f alkali waste so as to cause a nuisance be made an offence under the Acts. 
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That the permitting acid drainage to come into contact with alkali waste, or the drainage from 
alkali waste, be made an offence under the Acts. 

That the permitting alkali waste, or the drainage from alkali waste, to come into contact with 
acid drainage be made an offence under the Acts. 

4. That all works in which sulphuric acid is manufactured for sale or use be subjected to 
inspection under the Alkali Acts, and that the escapes of sulphur and of nitrogen, in the form of 
any of their acids, beyond the proportions, and subject to the exception above specified, be made 
an offence under the Acts. 

5. That chemical manure works be subjected to inspection, and required to adopt the best 
practicable means for preventing escapes of noxious or offensive gases. 

6. That sulphate of ammonia works, tar distilleries, and gas-liquor works be subjected to 
inspection, and required to adopt the best practicable means for preventing escapes of sulphuretted 
hydrogen. 

7. That all coke ovens be subjected to inspection ; and that aU coke ovens erected after the 
passing of the new Act be required to adopt the best practicable means for preventing escapes of 
black smoke, and for diluting sulphur compounds. 

That, on complaint of nuisance or damage established to the satisfaction of the .Local Govern- 
ment Board, coke ovens existing at the date of the new Act be required to adopt the best 
practicable means for preventing escapes of black smoke and fur diluting sulphur compounds; a 
period of three years being allowed for compliance with the requirement. 

8. That arsenic works, cement works, cobalt works, dry copper works, wet copper works (so far 
as regards those operations which correspond to those of dry copper works), galvanizing works, 
glass works, lead works, nickel works, potteries where the salt glazing process is carried on, salt 
works, spelter works, tin plate works, and works for the manufacture of dyes from coal tar 
derivatives be placed under the supervision of inspectors appointed under the Act, who should 
have a power of entry and of inspection ; and their proceedings should be reported annually to the 
Local Government Board. 

9. That with respect to any of the above mentioned works, the Local Government Board be 
empowered from time to time to fix, by provisional order to be confirmed by Parliament, a standard 
of escape, or to require the adoption of the best practicable means for preventing escapes, 

10. In all cases of nuisance and damage alleged to be occasioned by more than one individual, 
the court should be clothed with full powers of apportioning damages and enforcing contributions, 
and of awarding costs as among all or any of the Sieged contributories to the nuisance or damage. 

The Committee was also “ prepared ” to recommend that “ as the infractions of the Act involve 
injuries to health as well as to property, the local sanitary authority should, with the consent of 
the Local Government Board, have power to prosecute for offences under the Act arising within 
their districts or affecting their districts.” From this recommendation, however, certain practical 
members of the Committee dissent, and it is hardly likely that such a radical change of procedure 
will be established, c^usidering that an important principle underlying all legislation on the subject 
has been the exclusion of local infiuence and prejudice. 

The importance of examining the foregoing recommendations, and the reports of the inspectors 
under the 1863 Act, which have been issued annually from 1864 to 1874 inclusive, cannot be too 
strongly impressed upon manufacturers, or intending manufacturers, of hydrochloric acid. Careful 
attention to the evidence and details set forth cannot fail to convince impartial minds that the 
nuisance and injury resulting from defective plant, or careless working and organization, have been 
by no means fairly grappled with, and that further and more stringent measures will be initiated. 
It must be remembered also that legislation on the subject will follow very closely the recom- 
mendations of the Committee, as borne out by the results of inspection. 

The first annual report of the chief inspector was issued in 1865 — for the year 1864 — and gives 
perhaps a somewhat rosy view of the state of condensation, owing to the necessarily crude system 
of a novel work of examination, and the efforts of manufacturers to acquit themselves well under 
the recently passed Act. The following summary gives the state of condensation in the fomr 
districts as far aS it could be ascertained : — 

Actual condensation per cent. 98 '72. The average escape of muriatic acid is 1'2S per cent, 
over the kingdom. This number is obtained by estimating the actual amount escaping at each work. 


Avebage op the Percentages at each Work. 



Condensation. 

Escape. 




Western district 

99-763 


Middle „ 



Eastern „ 



Scotland and Ireland 

98-426 

1-574 
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Ayerage, by adding all the percentages of the escape, and dividing by the number of works, 
0’9409 per cent., which number is the proper average by which the condensation may be judged. 


Aotual Escape op Mcbiatio Acid peb Week in Tons and peb Cent. 



Escape, 
in Tons. 

i^pe, 

percent. 

Western district 

Middle „ 

Eastern „ 

Scotland and Ireland 

4- 2786 

5- 221 
26-023 

7-195 

0- 3109 

1- 207 

2- 1704 
2-1218 

Total escape in tons of dry acid .. 

42-7176 

- 


“ If all the works were of the same magnitude, these two tables would give percentages entirely 
alike. As they stand, the difference is small. To obtain this latter table, the amount of escape is 
calculated from the total quantity of salt used at each work and the condensation per cent. The 
total amount of salt decomposed per week is 5762 tons. This gives out 3324 "96 of dry acid, or 
about 13,000 tons of strong commercial muriatic acid in a liquid state. The whole amount would 
escape if there were no condensation. The effect of the condensation reduces it to 43 tons.” 

The state of condensation at a series of individual works — distinguished by the register number 
given in the fimt column — is shown by the following table : — 


So. 

HCL 
entering 
Condenser, 
in Grains 
per 

Cubic Foot 

HCL 
escaping, 
in Grains 
per Onbic 
Foot 
of Air. 

HCI. 

escaping. 

Grammes 

per 

Cinblc 

Metre. 

HCL 
escape, 
in ions 
per 
Week. 

HCL 

escape, 

per 

Cent. 

Ho. 

HCL 
entering 
Condenser, 
in Grains 
per 

Cubic Foot 

HCL 
escaping, 
in Grains 
per Cubic 
Foot 
of Air. 

HCL 

escaping. 

Grammes 

per 

Cubic 

Metre. 

HCL 
escape, 
in Tons 
per 
Week. 

HCL 

escape, 

& 

1 

1 

Where there is 

no esoa 

pe, the 


35 





0- 


amount entering the condenser 


39 


0-06 

0-137 

0-079 

0-24 


is of no importance, and is not 


40 


0-40 

0-910 

0-655 

1-67 


given 

. , 



0- 

41 


0-23 

0-532 

0-078 

0-63 

2 




0-0087 

0-25 

42 


0-14 

0-32 

0-044 

0-54 

3 

Stopped for alter- 




43 


,, 



0- 


ations. 





45 





0- 

4 

, , 


, , 

,, 

0- 

46 


0-43 

0-983 

0-202 

1-95 

5 





0- 

47 


1-08 

2-469 

0-072 

2-28 

6 




,, 

0- 

48 






7 




,, 

0- 

49 


0-48 

1-098 

2-012 

2-79 

8 



. , 

,, 

0- 

50 


,, 

,, 

0-66 

0-1 

9 





0- 

51 


,, 


5-79 

3-24, 

10 



. . 


0- 

53 

Altering 





11 

34-47 

0 512 

1-171 

1-29 

1-5 

54 


-791 

1-81 

2-78 

4-2 

12 





0- 

55 


2-1 

4-8 

1-396 

4-4 

13 



trace 


0- 

56 




1-998 

3- 

14 

34-3 

0-37 

0-847 

1-36 

1-09 

57 


.. 

,, 

0-207 

0-1 

15 

92-05 

1-62 

3-706 

1-45 

1-75 

58 


-316 

0-724 

0-704 

1-42 

16 




,, 

0- 

59 


,, 

,, 

0-207 

0-1 

17 

Stopped 





60 



,, 

0-207 

0-1 

18 



,, 


0- 

61 


,, 

, , 

0-207 

0-1 

19 



trace 


0- 

62 




1-961 

0-1 

20 

781-5 

2-34 

5-333 

0-17 

0-3 

63 


2-2 

5- 

6-713 

4-48 

23 



trace 


0- 

64 


, , 


0-207 

0-1 

26 



trace 


0- 

65 



, , 

0-207 

0-1 

27 



trace 


0- 

66 


2-8 

6-4 

0-207 

3-7 

28 


0-i 

0-228 

0-055 

0-16 

67 




1-384 

0-1 

30 





0- 

68 


0-728 

1-6 

0-207 

4-4 

31 


0-04 

0-091 

0-008 

0-12 

69 






32 


0-54 

1-235 

1-653 

4-55 

70 




0-496 

0-1 

33 





0- 

71 


0-928 

2-05 

0-491 

1-2 

34 


o-i'e 

0-366 

0-363 

0-3 

72 


•• 

•• 

•• 4 

2-4 


Eeferring to the state of condensation before the passing of the 1863 ActEthe Eeport says : — 
“ It is now, perhaps, impossible to ascertain with certainty the amount of gas allowed to escape 
immediately before the passing of the Act. Some years ago, as is weU known, the esqppe of ^e 
whole was allowed ; hut as the manufacture increased, the public complained more, and the alkali 
makers erected condensers. Besides this cause, the value of the muriatic acid had been gradually 
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increasing, and its condensation had in some places become a sonice of profit. Nevertheless it is 
true that thorongh condensation was known to very few, and practised by still fewer, np to the 
time of the passing of the Act, and it even happened that for some time after inspection had begun 
40 per cent, of the gas was in some cases allowed to escape, while 16 was a very common amount. 
Many alkali makers believed that any very refined condensation was impossible, but an examin- 
ation of the subject showed that habitual complete condensation had been already attained in 
several cases at the end of the year 1863, if not earlier. 

“ If we estimate the escape of muriatic acid gas at 1000 tons per week before the passing of the 
Alkali Act, or at least before the introduction of the Alkali Bill into Parliament, we may be con- 
sidered as taking a very moderate view of the question. This supposes 2324 '96 to have been 
already condensed, and is a very favourable view of the case. The 1000 tons left uncondensed are 
equal to 4000 tons of 25 per cent, acid, and under one-third of the total amount evolved in the 
process of decomposing salt by sulphuric acid in the United Kingdom. This quantity amounts to 
208,000 tons per annum. The date of the introduction of the Alkali Bill into Parliament is spoken 
of, as it is believed that alterations began from that period, some of the manufacturers not having 
waited until the passing of the Act. At the same time it may be said that the changes then made 
referred more to carefulness in the operations than improvements in apparatus.” 

In the Beport for the year 1873, the inspector states his belief that while the work of 
inspection is being done with more exactness, and becoming more certain, the Act is nevertheless 
unfitted for dealing with the increase of manufactures, and asserts that there are districts in which 
the amount of damage done is actually on the increase. Dr. Smith says : — “ It will probably be 
sufficient, so far as muriatic acid is concerned, to allow the present Act to remain either unaltered 
or with little alteration, and to pass another which shall demand that the escaping gas shall not 
contain above a certain amount of acid per cubic foot. Abundant trials have shown that the 
amount at present is 0 ‘ 16 grain per cubic foot on an average in chimneys. I believe the evil is 
done chiefiy by those above this average. It might be enough to demand that the maximum shall 
be 0*2 per cubic foot, which might be diminished gradually by the Bocal Government Board as 
circumstances showed it practicable, by 0*02 at a time, and annually, until it reached 0*1.” 

The following tables give the results of condensation in the different districts for the year 
1873;— 

Escape op Mcbiatic Aoed in No. 1 Disteict. 


Ke^ter 

No. 

Sdit 

Deoompused 
per Week. 

No. of Close 
Salt Cake 
Fomaces. 

No. of Open 
Salt Cake 
Furnacea. 

Mariatic Acid 
found in 

1 cubic foot 
of Air 
in Cbnnney 
or Culvert. 

Muriatic Acid 
escaping throng 
the Cbimnej 
compared with 
that producible 
from the Salt 
Decomposed. 


tons 



grains 

per cent. 

1 

100 

3 

0 

0*20 

4*17 

2 

15 

1 

0 

0 15 

1*51 

3 

15 

0 

1 

0*12 

1*92 

4 

240 

2 

2 

0*37 

6*0 

5 

66 

2 

0 

0*19 

2*30 

6 

100 

2 

0 

0*12 

1*02 

7 

360 

8 

0 

0*21 

3*81 

8 

250 

6 

0 

10*191 
\0 05/ 

4*52 

9 

90 

3 

0 

0*34 

4*83 

10 

180 

3 

0 

0*29 

4*95 

11 

250 

5 

1 

0*19 

3*22 

12 

180 

4 

0 

0*15 

2*46 

13 

60 

2 

0 

0*17 

2 20 

14 

220 

0 

4 

0*28 

4*30 

15 

200 

1 

2 

0*04 

1*59 

16 

170 

2 

1 

0*06 

3*24 

17 

150 

3 

0 

(0*051 

10*25/ 

2*98 

18 

250 

5 


0*23 

4*60 

19 

180 

3 


0*13 

2*48 

20 

180 

0 

5 

0*43 

2*58 

23 

80 

2 


0*23 

4*8 

26 

600 

12 

1 

0*22 

4*25 

«7 

85 

2 


0*18 

3*85 

75 

185 

4 


0*32 

4*00 

88 

85 

2 


0-19 

1*80 

89 

300 

7 


0*25 

4*91 

92 

200 

1 

4 

(0*121 

\o*ii/ 

2*26 
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Escape op Mckiatio Acid m No. 1 Distmct — continued . 


Regist^ 

No. 

’ 

S^t 

Decomposed 
per Week. 

No. of (jlose 
Salt Cake 
Furnaces. 

No. of Open 
Salt Cake 
Furnaces. 

Mmlatic Acid 
found in 

1 cubic foot 
of Air 
in Chimney 
or Culvert. 

Muriatic Ai^ 
escaping through 
the C&mney 
compared with 
that producible 
^m the Salt 
Decomposed. 

96 

tons 

160 

3 

0 

grains 

0*13 

per cent. 
4-80 

97 

200 

4 

0 

0-60 

2-40 

98 

40 

1 

0 

0-43 

3-80 

100 

80 

2 

0 

0-42 

3-50 

102 

120 

3 

0 

0-31 

4-60 

103 

80 

2 

0 

0-36 

1-76 

104 

50 

1 

1 

0-26 

1-93 

112 

150 

3 

0 

0-41 

310 

113 

350 

6 

2 

0-28 

3-78 

118 

300 

2 

2 

0-32 

3-35 

123 

250 

5 

0 

0-45 

4-21 

126 

40 

2 

0 

0-28 

3 65 

127 

Not at work. 




131 

30 

1 


0-10 

0-31 

124 

Not at work. 




133 

25 

0 

1 

0-92 

2-80 


6666 

Average 

.. .. 

0-25 

3-28 


No. 2 Distbict. 


Re^bter 

Average 
Escape of Acid. 

Register 
, No. 

Average 
Escape of Acid. 

Raster 

Average 
Escape of Acid. 

28 

2-94 

40 

0-86 

48 

1-62 

30 

3-27 

41 

2-22 

49 

2-07 

31 

2-78 

42 

2-53 

90 

2-04 

32 

3-70 

43 

1-12 

111 

1-17 

33 

2-29 

45 

1-19 

112 

5-07 

34 

3-52 

46 

018 

120 

1-38 

35 

2-50 

47 

2-96 

130 

2-70 


The whole of these figures give an average of 2 '19 per cent, for the district. 


No. 3 Distbict. 


In the annexed table the pan gas is nnestimated, but is taken as two-thirds of. the whole. Con- 
sequently the results are divided by 3 to ascertain the amount of nncondensed roaster gas. The 
pan condensers were never found to have an escape of 1 per cent. 


Raster 

No. 

Inlet Gas, 
HCU 

Grains per 
Cubic Foot, 

Outlet Gas, 

Ha 

Grains per 
Cubic Foot. 

Escape, 
per Cent, 

Register 

No. 

Inlet Gas, 
HCl. 

Grains per 
Cubic Foot. 

Outlet Gas, 
Ha. 

Grains per 
Cubic Foot. 

Escape, 
per Cent. 

64 

15 

0-4 

2-6 

■4-3=0-8 

51 m. 

24 

0-4 

1-6 

-r-3=0-5 


141 

0-3 

2-1 

0-7 

52 

20 

0-5 

2-5 

0-8 

„ 

20 

0-5 

2-5 

0-8 


25 

0-5 

2 

0-6 

if 

15 

1-5 

9-9 

3-3 


24 

0-6 

2-5 

0-8 

if 

15 

1 

6-6 

2-2 

53 

20 

0-9 

4-5 

1-5 

67 

25 

0-4 

1-6 

0-5 

54 

22 

0-2 

0-9 

OS 

71 

24 

0-5 

2 

0-6 

56 

15 

1 

6-8 

2-2 

70 

22 

0-6 

2-7 

0-9 


150 

3-0 

2 


if 

25 

0-9 

3-6 

1-2 


48 

6 

12-5 

4-1 

if 

20 

0-6 

3 

1 

57 

70 

1-1 

1-5 

• • 

94 

70 

0-4 


0-5 

55 

20 

3 

15 

5 

101 

70 

0-3 


0-4 

58 

30 

0-9 

3 

1 

50 

25 

1 

4 

1-2 


21 

3-1 

»14-7 


9 ) 

11 

1 

9 

3 


20-4 

3-3 

1-6 

5-3 

99 

19 

0-6 

3 

1 


70 

1-7 

2-4 


99 

12 

0-6 

5 

1-6 

59 

16 

0-3 

1-8 

0*6 

51 HL 

24 

1 

4-1 

1-3 

60 

150 

0-4 


0-26 

99 

22 

0-4 

m 

1-8 

0-6 

61 

13 

0-5 

3-8 

1-2 
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No. 3 Dbtbict — eontimied. 


Begister 

No. 

Inlet Gas, 
HCl. 

Grains per 
Cabic Foot 

Outlet Gas, 
HCl. 

Grains per 
Cubic Foot 

Escape, 
per Cent 

Register 

No. 

Inlet Gas, 
HCL 

Grains per 
Cubic Foot 

Outlet Gas, 
HCL 

Grains per 
Cubic Foot 

Escape, 
per C^t. 

63 

40 

0-3 

21-j-3=0-7 

115 

20 

1 

5 .i-3 = l-6 


20 

0-7 

3-5 

1-1 


18 

0-5 

2-7 

0-9 


20-7 

11 

5-3 

1-7 

116 

13-3 

0-3 

2-2 

0-7 


15 

0-9 

6 , 

2 


14 

0-3 

21 

0-7 


20 

3-3 

16-5 

5-5 


22 


1-3 

0-4 

114 

20 

0-5 

2-5 

0-8 

• 


20. 

0-2 

1 

0-3 


No. 4 Disthict — Scotland and Ireland. 



Quantity 

Total Con- 

Length of Pipes and Flues. 

1 1 

1 Average 


Sgeed of ; 



Re- 

of Salt 

denaing 




Escape ofi 

Area of 







No. of 


giater 

Decom- 

Space for 




HCkper 

Flue or 

Chimney,: 

Quantity of Acid made. 

No. 

posed in 

each 




Cubic 1 

Chimney. 

per 




24 hours. 

. Furnace. 

denser. 

Chimney. 

: Chimney. 

Foot 

Second. 




1 cwts. 

cub. ft. 

ft. 

ft. 

ft. 

grains ! 

sq. ft 

ft 



72 

10 

960 


•• 


/This work has ceased) 

1 decompoeincr salt. 1 

3 


73 

30 

1200 

20 

20 

80 

•020 1 

28 

7 

11 


77 

30 

Work slowly, and condense 

in bottles. 1 


18 


79 

1800 

1250 

130 

250 

200 

fSee notes for details'! 
t of condensation. J 

46 


80 

220 

1764 

150 

80 

80 

•11 

25 

9 

5 ' 

/Abont 1030 cnb. ft. 
\ at 20° T. 


Uncertain 









81 

20 

1620 

114 

100 

38 

•02 



4 


82 

200 

1600 

180 

102 

70 

-05 

24 

9-5 

8 

/Quantity unknown. 

1 Strength at 28° T. 

83 

288 

1420 

72 

40 

72 

•099 

25 

9 

6 1 

Do., 23° T. 

lOS 

222 

2000 

100 

180 

145 

•08 

27 

8 

5 

/About 180 cwt. at 
\ 23° T. 

106 

196 

950 

227 

102 

90 

1-1 

36 

8-5 

16 

/About 2300 galls. 

1 at 29° T. 

117 

84 

900 

187 

20 

100 

•03 

18 


7 

640 galls, at 31° T. 

119 

118 

1778 

100 

48 

126 

•077 

16 

8 

* ! 

133 cwt. at 25° T. 

95 

9-1 

1240 

413 

27 

32 

•18 

20 

7 

20 , 

1050 galls, at 34° T. 

125 

180 

900 

Work stopped. I 

•12 

.. 


4 

134 

120 

1177 

120 

95 

80 

•088 

18 

Work 

stopped. 

1 

6 , 

/About 380 cnb. fk 
\ 28° T. 


140 

1427 

630 


120 

trace 


3 


128 

96 

1340 

156 

2'55 

180 

•075 

20 

1 

10 

8 



This interesting table will especially repay a carefhl study, ns showing the different apparatus 
and condensing capabilities of the several works. 

Daring the year (1873) some important experiments were made with a view to ascertain the 
action of the acid gases upon vegetation. The results are set forth in the annexed table. It was 
deemed that the best method of procedure was to steep the twigs carefully in water and then 
examine the liquid. The mode of testing must of course be delicate, as the amounts of acidity are 
comparatively small. After being washed with water, the twigs were crushed, and treated with 
dilate nitric acid for about twelve honrs. It will be at once apparent that the action of the gases 
is to produce acidity on the outside of the plant, and to increase the amount of acid in a combined 
state both on the sur&ce and internally. 


Water Washing op Twigs. 


• 

Parts per 100,000 of Twigs. 

Proportion 
of Hydro- 
chloric to 
Sulphuric 
Acid. 

Place of Growth. 

• • 

Hydro- 

chloric 

Acid. 

Sulphuric 

Add. 

Acidity cal- 
culate as 
Sulphuric 
Anhydride, 

Total 

Acids. 

Liable to tV reached by acid vapours. 
Exposed to Bnncom and Widnes smoke, 1} miles) 
von Moore Boad from Bnncom. Old twigs ../ 

Ditto. Old twigs 

East of Bnncom a mile. Old elm, very black 

72-0 

22-2 

66-0 

21-2 

3-6 

71-8 

17-8 

3-7 

56-6 

93-2 

25-8 

137-8 

1 to 0-30 

1 „ 016 

1 „ 109 
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Watee Washing of Twigs — continued. 


Place of Growth. 

Parts per 100,000 of Twigs. 

Proportion 
of I^dro- 
chloric to 
Sulphuric 
Add. 

Hydro- 
chloric ; 
Acid. 1 

Sulphuric 

Acid. 

Acidity cal- 
culate as 
Sulphuric 
Anhydride. 

Total 

Acids. 

Buncom, east of : — 






Old thorn, very black 

12-6 

5-7 

5*(> 

18-3 

1 „ 0-45 

Old bark 

60 

5-7 

31 

11-7 

1 „ 0-95 

Green fir . . . 

4-8 

2-6 

3-3 

7-4 

1 „ 0-54 

Near Buncom : — 






Fur, brownish leaves 

64-1 

21-4 


85-5 

1 „ 0-33 

Fir, green part 

21 0 

8-1 

• • 

29-1 

1 „ 0 39 

Botten thorn 

17-4 

4-1 

(5'5 

21 ’5 

1 „ 0-23 

Fresh thorn 

12-2 

5-8 

.. 

180 

1 „ 0-47 

Copse, west of Moore a mile. Old elm, veryl 

12-8 

19-6 

24-3 

32-4 

1 „ 1-52 

Park looking to Bnncorn. Baining 

2-4 

4-7 

0-3 

7-1 

1 „ 2 00 

Average 

26- 1 

14-5 

101 

40-6 

1 „ 0-55 

From places not affected by acid vapours, . 






♦Bark of a tree, elm, at Walton 

9-0 

4-9 

1-8 

13-9 

1 to 0-54 

Walton elms 

3-8 

19-6 

0-9 

23-4 

1 „ 0-54 

Healthy wood, sheltered from acid vaponrs 

90 

6-5 

1-9 

15-5 

1 „ 0-92 

Bosholme. Old thorn 

5-4 

10-9 

• • 1 

16-3 

1 „ 2-02 

„ New thorn 

4-2 

1-6 

•• 

5-8 

1 „ 0-38 

Average 

5-6 

9-6 . 

0-7 

15-2 

1 „ 1-71 


* Not incladed in tbe average. 


Twigs Treated with Nitric Acid. 



Farts per 100,000 of Twigs. 

Proportion 
of Hydro- 

Hoce of GrowtlL 

Hydrochloric 

Sulphuric I 

ToUl 

chloric to 
Sulphuric 


Acid. 

Acid. I 

Acids. 

Add. 

Liable to be reached by add vapours. 





Exposed to Bnncorn and Widnes smoke, 1^ mQesl 
firom Buncom / 

1 

12 

17-9 

19-1 

1 to 14-90 

East of Buncom a mile. Old elm, very black .. 
Bnncorn, east of : — 

0 

179-5 

179-5 

•• 

Old thorn, verv black 

60 

4-1 

10-1 

1 „ 0-68 

Old bark 

1-2 

, , 



Green fir 

30 

27-2 

30 2 

1 „ 9-07 

Near Bnncorn : — 





Fir, brownish leaves 

0-3 




Fir, green leaves 

0-3 




Botten thorn 

0-6 

4-9 

5-5 

1 » 8-1 

Fresh thorn 


9-3 



Copse, west of Moore a mile. Old elm, veryl 
black / 

2-4 

12-9 

15-3 

1 „ 5-37 

Park looking to Buncom. Baining 

180 

20-4 

38-4 

1 „ 1-13 

Average 

31 

31-2 

38-1 

1 „ 10-06 

Not effected hy acid vapours. 





♦Bark of a tree, elm, at Walton 

60 

1-6 

7-6 

1 to 0-26 

Walton elms 

9'0 

20-4 

29-4 

1 „ 2-27. 

Healthy wood, sheltered from acid vapours 

1-8 

4-0 

5-8 

I „ 2-2 

Bosholme. Old thorn 

0-3 

,, 



„ New thorn 

0*3 

2-4 

%7 

1 „ 8-00 

Average 

2-8 

8-9 

12-6 

1 „ 3-72 







Nc4 indoded In tbe average. 
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HYDBOCHLOBIC ACH). 

It is intensely difficnlt to get any approziinate idea of the effect of gaseons emanations npon 
human life and health, so Tariable are the manifold conditions of life. On the one hand, air with 
acid fames in it cannot be as good as the simple air prepared by nature ; hut, on the other hand, 
the exhalations are doubtless useful in neutralizing the evils arising from overcrowding, deficient 
drainage, and all the concomitants of a rude population and social state. The general freedom of 
chemical districts from zymotic and epidemic diseases is tolerably well established. Perhaps the 
best information yet collected on the subject has been that rendered by an inquiry set on foot by 
the Belgium Government in 1855. 

The following table gives the death-rate in various districts for five years, and five years after 
the introduction of chemical works : — 



Before the EefeabliAhmpnt pf 

After the Establishment of 


Chemical Worka. 

Chemical Works. 


Popnlation. 

1 Deaths. 

Populatimi. 

Deaths. 

Hiale — 





St. Marc 

1,866 

46 

2,057 

40 

Verdrin 

6,805 

150 

7,417 

146 

Champion 

4,037 

105 

4,330 

77 

Bhione 

2,851 

64 

3,529 

50 


15,559 

365 

17,333 

! 313 


1 to 42, or 2*37 per cent. 

1 to 55, or 1 

•82 per cent. 

Florae — 




Floreffe 

10,895 

142 

11,833 

182 

Maloane 

11,188 

205 

11,536 

178 

Floriffonx 

2,334 

37 

2,435 

52 

Soye .. ., 

3,377 

45 

3,835 

51 

Ftaviere 

2,479 

35 

2,746 

26 


30,313 

464 

32,405 

489 


1 to 56, or 1*53 per cent. I 

1 to 66-67, or 1 • 508 per cent 

Monstier — 





Monstier 

2,596 

55 

2,564 

57 

Momimont 

956 

15 

1,030 

20 

Ham-sur-Lambre 

4,015 

70 

4,228 

63 


7,567 

140 

7,822 1 

140 


1 to 63-54, or 1*85 per cent, i 

1 to 55-56, or 1 '79 per cent. 

Auvelais — 





Auvelais 

8,600 

144 

9,090 

164 

Jemeppe 

5,059 

75 

5,234 

99 

Tamine . . 

4,692 

77 

4,921 

82 


18,351 

296 

19,245 

345 


1 to 61-62, or 

1'61 per cent. 

1 to 55-56, of 1'79 per cent. 

Total .. .. 

74,923 

1 1,343 

81,181 

1,387 


1 to 56-57, or 1'79 per cent. 

1 

1 to 58-59, or 1'708 per cent. 


The effects of add fumes upon the soils in the neighbourhood of chemical works would form an 
interesting and useful subject of examinatiou. As a commencement the following tables are 
worthy of attention : — 


* SpecimeEis of Soil 

(Felmiary, 1874). 

The Water of the Soil, 
paiia per 100,000. I 

Parts per 100,000 of the 

Dry Soil. 

Hydro* 
chloric 
Acid. ‘ 

Snl* 

pfanric 

Acid. 

1 Acidit^ 
calculated 
as SO^. j 

Hydro- 

chloric 

I Acid. 

Sul- 

phuric 

Acid. 

Acidity 

calculate 

asSOs. 

• * 

St. Helen’s: i mile west of, near Pilkington’sj 
old glass works. No trees;) 

9-57 ' 

12-50 

1 

2-74 

3-79 

5-49 

somf grass and crops .. ..| 

„ 1 mile west of 

1 

22 03 ; 

24-30 

j 18-14 
, 72-86 

4-42 

4-90 

14-61 


12-53 

12-96 

1 22-29 

3-33 

3-30 

5-92 

„ If miles west of 

5 00 i 

1 8-12 

1 

j 4-45 

2-28 

3-72 

2-04 
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ACIDS. 


Specimens of Soil 
(February, 1874). 


j The Water of the Soil, 
parts per 100,000. 

Parts per 100,000 of the 

Dry Soil 

Hydro- 

chloric 

Add. 

Sul- 

phuric 

Add. 

Acldi^ 
calculated 
as SOg. 

Hydro- 

chloric 

Add. 

Sul- 

pharic 

Add. 

Acidity 
calculated 
as SOg. 

12-56 

14-00 

j 33-91 

3-28 

3-65 

8-85 

j 9*20 

i 

10-20 

25-74 

2-30 

2-55 

6-44 

.! 18-05 

18-88 

54-16 

4-97 

5-20 

14-92 

15-20 

1 

22-87 

16-24 

3-18 

4-80 

3-39 

1 

4-66 

0-62 

8-94 

1-59 

0-21 

3-04 

1 8-57 

24-28 

13-61 

2-27 

6-45 

3-54 

31-10 

51-34 

13-86 

4-85 

8-08 

2-16 

7-69 

11-43 ; 

58-83 

2-36 

3-57 

18-37 

4-92 

11-14 

16-38 

1-59 

3-60 

5-30 

16-52 

62-38 

25-71 

4-60 

17-39 - 

7-16 

12-54 

2-04 ' 

15-58 

3-94 

0-63 

4-91 

13-63 

8-57 

45-71 

3-00 

2-01 

10-71 

8-57 

11-00 

0 

2-62 

3-60 

0 

5-72 

5-26 

7-54 

2-61 

2-36 

S-40 


St. Helen’s : 2 miles west of, near Eocleston. 

Healthy vegetation 

„ 2J miles west of, within three 
fields of Knowsley Park . , 

„ Between Marsh and Hibbert’s 
works at Parr and St. Helen’s, 

1 mile east of St. Helen’s. Poi- 
soned land : no trees or grass 
„ J mile east of, near Kurtz’s works. 

No trees or good grass. Poor 
com was grown here three 

years ago 

„ i mile south of St. Heleu’s Junc- 
tion. Fair grass ; trees gone 
„ At St. Helen’s Junction. Grass 
very coarse 

Near Bold Heath. Good grass 

Bold Park Gates, a mile(?) from St. Helen’s' 

Junction 

'Widnes : Grass all gone, partly trodden by feet 

„ § mile from. Trees bad 

„ A mile from. Some grass; treesl! 

gone much farther off /i 

Near Widnes. Fair looking grass .. 

Penketh, east of Widnes. Good grass .. 
Fiddler’s Ferry 


Parts per 100,000 of Soil as found Moist. 


Spedmens of Soil 
(February, 1874). 

Hydrochloric 

Acid. 

Sulphuric 

Acid. 

Acidity 
calculated 
as SOg. 

Water. 

St. Helen’s : i mile west of, near PUkington’s oWl 
glass works / 

2-10 

2-90 

4-21 

23-3 

„ 1 mile west of 

3-68 

4-08 

12-17 

16-7 

„ If „ 

1-57 

2-55 

1-40 

31-4 

„ 2 miles west of, near Eccleston.'l 

Healthy vegetation / 

2-60 

2-90 

702 

20-7 

„ 2| miles west of 

1-84 

2-04 

5-15 

20-0 * 

„ !^tween Marsh and Hibberfs works 

3-90 

4-08 

11-70 

21*6 

„ J mile east of, near Kurtz’s works . . 

2-63 

3-97 

2-81 

17'3 

„ 1 mile south of St. Helen’s Junction 

1-20 

0-16 

2-30 

24*4 

„ At St. Helen’s Junction 

1-80 

5-10 

2-80 

20-9 

Near Bold Heath 

4-20 

6-99 

1-87 

13*5 

Bold Park Gates 

1-80 

2-72 

14-00 

23-8 

Widnes 

1-20 

2-72 

4-00 

24-4 

„ J mile from 

3-60 

13-60 

5-60 

21-8 

yy 1 .. «• •« «• .. r. 

3-09 

0-48 

3-74 

23-9 

Near Widnes. Fair grass 

2-40 

1-63 

8-69 

18*9 

Penketh. Good grass 

2-10 

2-72 

0 

24-5 

Fiddler’s Ferry 

1-80 

1-63 

2-34 

31-0 


The importance of these questions, of the effect of noxious exhalations upon health and vegeta- 
tion, and the necessity for grappling with them, is being keenly appreciated by all thou^tful 
manufacturers of hydrochloric and other acids, and makes the future of the trade increasino-ly 
difficult and uncertain. It is beyond all question that the condensing apparatus at pre^nCin 
operation is, either from inherent defects of construotion or the action of wear and tear, altogether 
inadequate to the work required. It is also an unfortunate coincidence that the long-slumbering 
necessity for stricter legislation and supervision has come to the front just wh«i the means of the 
manufacturers have been seriously impaired by a long season of depressed trade, and the cost of 
renovated, or improved, plant would be a burden almost too great to bear. In dealing».rith Mie 
subject there arises, moreover, at the outset the difficulty, or rather the impossibility, of fixing a 
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legislatire limit of condensation which shall satisfy all the interests represented. The present 
standard of one-flfth of a grain of hydrochloric acid per cubic foot seems to be as low as can he 
possibly maintained, and yet this amount of escape, owing to the pungency and potency of the gas, 
is sufficient to cause serious inconvenience and complaint. 

For the purpose of testing the exit gases under the 95 per cent, standard it is of course necessary 
to draw a sample from the flue or pipe as the gases leave the pan or roaster, and compare it with a 
sample drawn in a similar way from the flue or pipe entering the chimney. To ascertain the 




amount of hydrochloric acid gas per cubic foot of 
air issuing from the chimney it is necMsary to 
draw only one sample. 

The gases are taken from the flues by means of 
an aspirator of known capacity, whereby a certain 
volume is drawn through water, or some suitable 
solution, and afterwards analysed, volumetrically or gravimetrically. The tube connected with the 
aspirator is inserted through a hole bored in the earthenware or brick flue leading from the pan or 
roaster, some clay being carefully placed round the pipe to prevent an influx of air into the opening. 
A very common aspirator for isolated trials consists of a vessel of japanned tin, about 20 in. long 

129 . 130 . 




suction more powerful. A small rectangular box fixed 
to the side conveniently holds the bottles of solution 
through which the gases are drawn. 

Other apparatus are shown in Figs. 127 to 129. Figs. 
127 and 128 represent a flexible aspirator, very convenient on account of its portability. It consists 
of a bag of cylindrical form, stretched out with hoops at intervals. There is a wide opening through 
which the*air can be rapidly passed, so as to empty the vessel, in which case it collapses and takes 
the form shown in Fig. 128. By attaching a weight to the bottom sufficient drawing power is 
secured, and may be easily regulated. The objection to this aspirator is its liability to be damaged. 

The swivel aspirator of Mr. Dancer, and other inventors, is shown in Fig. 129. It consists of two 
jars f(^nd ^placed month to mouth, and mounted on an axis g h. The upper jar is filled with 
water, which, when the taps are open, flows down in b and allows the entry of the gases through h. 
On their way from the flue to the jar a these gases pass through whatever solution may be employed, 
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as shown at ». As the water flows into the jar 6, the air goes out by c. As soon as o is emptied it is 
turned round upon the axis and the full jar b takes its place. The vessels are carefully graduated 
into parts of a cubic foot. 

A very simple form of aspirator — or, rather, pump — is shown in Fig. 130. It consists of a small 
bottle containing the necessary solvent, and to it is attached a caoutchouc bulb of known capacity. 
By pressing the latter a eertain volume of air is passed into the bottle, and may be washed by 
shaking, and tested as required. Chiefly useful for qualitative trials, this finger pump may be 
also employed for rough quantitative testing, by ascertaining the amount of air or gas passed at each 
pressure of the bulb, and bearing in mind the sensitiveness of the silver solution — i. e. the amount 
of muriatic gas which will produce a cloudiness. A bulb of 2 oz. may be taken as equal to 
50 centimetres. Of course a certain amount of air wiU be left unexhausted at each stroke, but this 
quantity will be almost constant, and for the bulb in question may be taken as 6| centimetres. 
The following table may be useful : — 

A cloudiness produced in 50 cubic centimetres (nearly 2 ounces of a weak solution of nitrate of 
silver) with — 




ShowiDg per cent, 
of Muriatic Acitl 

Produces a Precipitate in 




in the Air. 



1 stroke of finger-pump 

0-062 

50 cub. cent, of air. 



2 strokes of finger-pump 

0-031 

100 „ „ 




0 0-206 

1.50 „ ,, 



4 

0-0155 

200 „ „ 


1 s I' »» 

0-0124 

250 „ ,, 


6 „ 

0-0100 

300 „ „ 


'7 

0-0088 

350 „ „ 


8 

0-0077 

400 „ „ 


^ )> »> 

0-0069 

450 


; 10 

0-0062 

500 „ 


' 20 

0-0031 

1000 „ 



and so on. 

The amount of solution tliiough which it is necessary to draw the gases to insure the arresting 
of the hydrochloric acid depends, of course, upon the rapidity of the operation and power of suction. 
Ordinarily two bottles are suflicient, but three or four may be used. Besides the usual silver 
solution, an alkaline solution, ammonia, or simple distilled water, may be used. It must be 

remembered, however, that there are present in all flues and exits other gases than hydrochloric 

notably carbonic and sulphurous acids. 

The first aspirator used for estimating the escape of hydrochloric acid is shown in Fig. 131, and - 
was constructed by Mr. Gossage. The bottles B and C were filled with water and strong liquid 
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la testing ander the 95 per cent, standard, only an average of many trials can give anything 
like a fair result, owing to the disturbance and constant irregularities caused by accidents of 
working. . Thus if samples be drawn shortly after the pan (or roaster) has been charged, the result 
will appear abnormally good, o"^ing to the rush of gas that comes off. On the other hand, if the 
trial is made when the furnaces are empty — the charge just drawn — a very slight escape from the 
condenser outlet will produce a bad percentage escape. It is not necessary to measure actually the 
quantity of gas entering the condensers ; the amount may be calculated from the quantity of salt 
charged, and, for ordinary purposes, the result will be snlBeiently near that obtained bjr test. An 
experiment made with a view to establish this gave the following results ; — The charge of salt was 
7 cwt, per hour, the gases from the pan and roaster joined before entering the condenser, and the 
draught in the floe by syphon gauge was O' 25 inches of water, equal to 10 '49 ft per second. The 
number of feet passing per second, 10 '49, multiplied by 3600, the number of seconds per hour, gave 
37,864 as the number of feet passing along the flue during the charge. The flue was 2 ft. square ; 
the number of feet per hour, therefore, multiplied by 4 gave 151,456 as the total number of cubic 
feet passing during that time. Now 7 cwt. of salt, deducting 10 per cent, for moisture and 
impurities, contains 3,082,100 grains of muriatic acid gas, which divided by 151 '456, the number of 
cubic feet passing during the time of its decomposition, gave 20 '35 as the number of grains of acid 
contained in each cubic foot of the inlet gas. The amount by actual testing of the flue was as 
follows:— 



Inlet Gas 
per Cubic Foot. 

Exit Gas 
per Cubic Foot. 

5 minutes after charging .. 

9-60 

0-72 

15 „ „ .. .. 

67-20 

0-18 

25 „ „ .. .. 

10-80 

0-18 

35 „ „ .. .. 

7-20 

0-06 

45 „ ,, .... 

7-20 

0-06 

55 „ f, .... 

7-20 

0-06 

Mean 

18-20 

0-21 


This number, 18 • 20, it will be noted, agreed very closely with the 20 • 35 obtained by calculation. 
Taking the same amount passing at the exit for the two calculations the percentage is nearly the 
same: — 



1 

1 

Inlet Gas 
per Cubic Foot. 

Exit Gas 
per Cubic Foot. 

1 

Percentage j 
! Escaping. 


• 

By experiment .. .. | 
By calculation . . . . j 

18-20 

20-35 

0-21 

0-21 

1-15 

1-03 



The slight diflerence is sufficiently accounted for by the amount of gas escaping from the doors, 
&c., or the acid left in the sulphate of soda. 

To obviate the necessity for taking multitudinous samples, and to ascertain the average result 
for any given time, independently of the many accidents of working, which militate against the 
truthfulness of isolated tests, it has been proposed to adopt some continually-working and self-acting 
method. Some forms of apparatus are given in Figs. 132 to 136. Mr. Fletcher's single and 
compound fan aspirators are shown in Figs. 132 to 134, Fig. 134 giving the mechanical part of 
the compound aspirator, and Fig. 133 the same apparatus in its box with its bottles and tubes. 
Eeferring to Fig. 132, at the extreme right is shown the fan ; in the middle, the spindle for moving 
the large toothed wheel ; behind, the connecting rod for driving the bellows pump. In front are the 
two bottles which contain the solution through which the gas is to be passed. The apparatus was 
designed with a view to making the chimney draught drive, or draw, the gases through a solution 
of nitrate of silver, and it was found that a fan of 2 in. diameter was sufficient for the purpose. 

The objection to the single fan aspirator was that a sudden ebullition of gas might in a few 
minutes precipitate all the silver, and although only its average amount might be left in the bottle, 
still tlm record for any given period would be lost. Mr. Fletcher, therefore, devised the compound 
self-acting apparatus shown in Figs. 133 and 134, which registers the occurrences of several days, 
dividing the time int^periods of any desired length, which may be from one to six hours. The 
description may be given in his own words : — 

“ This apparatus is readily portable, and can be placed in connection with any flue or chimney ; 
it requires only that a hole 2 in. in diameter should be made in the brickwork. Through this aper- 
ture sufficient air passes into the flue to cause a small fan 1} in. or 2 in. diameter to revolve rapidly, 
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“ The fan is so placed immediately in front of the hole that it is moved by the air from outside as 
it rushes into the flue. On the spindle which carries the fan is an endless screw, this working into 
a toothed wheel gives motion to a small bellows pump of vulcanised rubber by means of a crank and 
connecting roil. 

“ The pump draws a constant stream of air from the flue or chimney through ahottle containing 
solution of soda, nitrate of silver, or other absorbent of the acid vapour which may be in it. The 
gas continues to pass in bubbles through the liijuid in this bottle for a period of from three to six 
hours ; this time can be lengthened or 
diminished at pleasure by an easy 
adjustment of the apparatus, and at 
the end of that period the connection 
between the bellows and the first bottle 
is broken, and a connection established 
with bottle No. 2. The gas from the 
flue now passes through the solution 
in this bottle, during another period 
of the same length, when it is diverted 
and made to bobble up through that 
in bottle No. 3, and so on through any 
number in succession. In the instru- 
ment that has been made there are 
30 four-ounce square bottles, occupj"- 
ing a space of 1 ft. square and 4 in. 
high. If each of these bottles come 
into action at intervals of six hours, 
the whole will last nine days, and then 
an examination of their contents would 
show the nature of the gas that had 
been passing in the flue during any 
six hours of that time. Attached to 
the apparatus is a counting dial simi- 
lar to that of a gas meter ; this counts 
the inflations of the bellows, and so 
indicates the number of cubic feet of 
gas that has been drawn through the 
bottles. The instrument may be ad- 
justed to any speed, that of 1 cubic ft. per hour is found convenient. The speed will not, how- 
ever, be constant, as the draught in the flue may vary with the number of furnaces at work, the 
direction of the wind, the height of the barometer, &c. ; and, as it may be necessary to know the 
time at which any one bottle was in action, a photographic timekeeper has been contrived, at oftce 




much simpler and more certain in its action than a common clock in such an atmosphere. A sibbon 
of photographic paper enclosed in a dark box is made to unroll from one reel onto another at a slow 
rate, and in so doing to pass a narrow slit through which daylight is admitted. The paper passes 
at the rate of i in. per hour, and becomes darkened as it passes the opeiBng. "When the paper 
ribbon is afterwards removed it presents a scries of alternate dark and light spaces, each about 
6 in. long, shading off one into the other. The centre line of the dark space will halt passed the 
slit at noon, the centre line of the light space at midnight, and the intermediate points at inter- 
vening times, so thanhe paper may be marked out and divided into .spaces corresponding to days 
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and hours. A mark is also imprinted on the paper at each revolution of the wheel, which deter- 
mines the connection of the successive bottles; the position of these marks on the paper, now 
divided out into hours, gives the times at which the corresponding bottles were in operation. The 
successive connections of the bellows with the several bottles are made and broken by the sudden 
blow of a spring lever on one of thirty-six pins projecting from the barrel of what may be called a 
36-way cock. Caoutchouc tubes proceeding from each of the thirty-six bottles are attached to 
nozzles which radiate from a strong brass ring, whose inner surface is ground truly conical, and 
exactly fits a conical plug. In this plug there is only one channel, and this is always in connection 
with the bellows ; as this plug revolves, this passage comes in connection with each of the thirty-six 
nozzles iu succession, and thus each bottle in succession is put in connection with the bellows and 
with the fine. 

“ There are some minor details in the apparatus which it is unnecessary to describe. The 
whole is enclosed in a box measuring 1 ft. each way and which can be locked up. 

“ The chief point attained is the getting an aspirator which is constant in its operation and 
depends on no motive power other than the draught of the chimney itself.” 


134 . 



In Fig. 133 A is the fan, 2 in. in diameter ; B the endless screw ; C the crank to work the 
bellow^' D the bellows pump; E the inlet tube ; F the outlet tube ; G the ring carrying thirty-six 
nozzles ; H the centre plug carrying thirty-six pins ; I the end of spring lever which moves H ; 
K box containing the ribbon of photographic p.aper ; L the counting dials. In Fig. 134, 
shoiyng the apparatus in its box, M is the main tube of brass, partly encircling the bottles and 
attached So each ; it is iu connection with the chimney, and through it the gas passes to each bottle 
in its turn ; N is a tray in which the bottles can be removed ; O a lense to throw light on the small 
opening in the box •containing the photographic paper; P the chimney or fine to which the 
aspirator is attached. 

This' iag»nious apparatus has been but little used. The diificulty of keeping it iu the neces- 
sarily perfect order will be understood by any practical manufacturer. 

In Fig. 135 is shown Mr. MacteaPs self-registering apparatus, which has been in use at the 
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St. Kollox Works for a considerable time and given satisfactory results. A is a Bunsen’s vacuum 
pump ; B water pipe to ditto ; C discharge pipe from ditto; D pipe to absorbing apparatus; E trap 
to collect gases passing through the pump ; F overflow pipe for water from pump ; G pipe for con- 
veying gases to meter ; H ordinary wet gas meter ; I absorbing tubes ; J pipe into flue ; K fine ; 



L escape pipe from meter. Fig. 136 gives another very simple form of aspirator. A is the gas pipe 
from chimney ; B the inlet water pipe ; C a gauge glass ; D the waste water pipe. Fig. 137 shows 
this aspirator fixed to the chimney. 


136 137 . 



The speed at which gases are driven along the flue has been referred to as an important factor 
in the calculation of percentage escapes. Many methods for ascertaining this have been from time 
to time devised, but that perfected by Mr. Fletcher, and utilized for the purposes of inspection 
under the Alkali Acts will only be considered. The principle upon which the method is based is 
the well-known fact that the passage of a current of air across the open end of a straight tube 
brings about a partial vacuum, by virtue of which, if the tube is partly filled with water, the liquid 
will ascend to a degree depending upon the velocity of the current and completeness of the v^uum. 
Mr. Fletcher’s own words will best describe the history and final construction of his instrument, a 
drawing of which is given in Fig. 138. “If a straight tube is inserted through a hole in the brick- 
work of a chimney or flue, so that the current of air in the flue passes across its open end, a partial 
vacuum will be fonned in it, greater or less in proportion to the velocity of the current. * * 

“ A tube in such a position will, however, communicate a suction arising from that of the 
chimney itself, besides that suction produced by the current of air passing ar^jss its open end, and 
for the present purpose these two must be distinguished. 

“ To efiect this t'.co tubes should be inserted in the chimney, one of them havings# straight 
and the other a bent end, the bend to be turned so as to meet the current of air ; both tubes are 
opeu. In each of these tubes will be experienced the partial vacuum due to the suction of the 
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chimney itself. In the straight tube, however, this will be increased by the suction caused by the 
passage of the current of air across its open end, while in the case of the bent tube this will be 
diminished by the pressure caused by the current of air blowing into it. The difference therefore 
between the suction in the two tubes will be due to the action of the current of air in the chimney, 
aud it remains only to measure this differ- 
ence in order to measure the velocity of tlie 
current itself. 

“To effect this let tlicse tubes be con- 
nected with a U tube containing water, one 
with each limb ; then the water will be raised 
up in one limb to a degree corresponding 
with the difference of suction, so that the 
difference of level of the water in the U tube, 
being a measure of the diflerence of suction 
in the tubes, becomes a measure of the 
velocity of the current of air in the chimney. 

By this arrangement the suction power of 
the chimney itself is eliminated, for it operates equally on each limb of the JJ tube, while the 
difference of pressure experienced will be due only to the different action of the current of air 
in the flue on the tube with the straight end and the one with the bent end. 

“ It remains then to register accurately this difference of level of the water in the JJ tube, and 
to construct a formula connecting it with the speed of the current of air in the flue, so that by 
measuring the one the other may be measured also. 

“ Experiment showed that for high speeds of air the measurement ot tlie difference of this water 
level was easy, but that for speeds below 5 ft. per second the amount became too minute and 
uncertain for practical use. 

“Many plana were then devised for constructing a pressure gauge which should be more delicate 
than the ordinary U tube. 

“ Efforts were first made to modify the JJ tube so that its range might be increased and its 
indications magnified. This might be done by drawing out its lower bend hoiizontally and 
increasing the size of the vertical portions till it assumed the form of two vertical cjlinders, con- 
nected by a long horizontal tube. If now a pressure were exerted which would cause a depression 
of the water in one limb, the motion so caused in the narrow column of water in the horizontal tube 
would be so much greater, as its sectional area was smaller, than that of the vertical tubes. It was 
found, however, that in proportion as a greater range in the scale of the instrument was thus ob- 
tained, a greater amount of friction must also be encountered, and that thus the advantage of the 
one was neutralized by the evil of the other. 

“It is necessary to see this clearly in order to arrive at the conclusion that uii methods .of 
increasing the actual motion of the fluids or of magnifying it by any mechanical arrangement of 
Ipvers or otherwise must be open to the same objection. This proposition seems clear now, in the 
light shed by a long series of failures encountered in the attempt to act contrary to it, but it was 
not clear before. 

“ Before describing the instrument ultimately adopted for measuring tlie delicate variations of 
pressure arising in the problem in hand, it may be well to describe one which, although it was 
rejected along with all those which actually increase the range through which tlie pressure operates, 
has yet so much to recommend it on account of simplicity and compactness that it may be useful 
elsewhere. The arrangement is, I think, new. 

“ A piece of barometer tubing, 3 ft. long, was bent into the form, of an elongated S, and the 
centre portion from C to D filled with mercury ; the ends A and B are open. If the bore of tube is 
uniform the mercury may be placed in any position in the tube and still rest in equilibrium, for 
whether C and D be raised or depressed they will always be level, and the opposing columns there- 
fore balance each other. But if, instead of the bore of the bent tube being uniform throughout, 
that of the limb A be slightly greater than the bore of the limb B, so that a quantity of mercury 
whic5 would occupy 10 in. in the former occupies only 9 in. in the latter ; then if pressure be 
applied at B so as to depress the end of the column at D 10 in., C will fall only 9 in., and it will 
require a pressure equivalent to that of 1 in. of mercury to maintain it in that position ; when that 
pressure is removed the mercury will regain its equilibrium, but the ends of the columns must 
return to the former positions at C and D in order to be on a level again. In other words, a pres- 
sure equivalent to 1 in. of mercury would be represented by a motion of 10 in. in the limb B, or the 
indications of the simple U tube would in this instrument be magnified ten times. This proportion 
of increase may be made greater at will by rightly adjusting the internal diameters of the tubes A 
and^; "tlie more nearly they approach uniformity in bore, the greater is the distance the mercury 
will travel for any given pressure. 




136 


ACIDS. 


“ This and other contrivances failed for the reasons already stated, that when the range throngh 
which the limited power had to act was increased, the indications of the instrument ceased to be a 
measure of the pressure exerted, since some of it was absorbed by friction. 

“ The simple U tube was therefore returned to, and means adopted for accurately seeing and 
measuring its slightest indications. In the first place, the limbs were increased until they were no 
longer small .tubes of about 0 • 4 in. internal diameter, but cylinders of 4 in. diameter ; these were 
connected at the bottom by a small tube. Thus the power exerted by the pressure communi- 
cated through the connecting tubes, operating on the extended surface of the liquid in the cylinders, 
was increased a hundredfold over that operating in the smaller JJ tube ; but the friction could only 
have been increased tenfold, giving therefore a tenfold increase of delicacy. In order to observe 
accurately the rise and fall of the liquid in the cylinders, floats were introduced, on each of which 
were engraved a very fine horizontal line ; and to measure accurately the comparative elevation or 
depression of these two lines, a finely divided scale and vernier were added, working with a delicate 
screw adjustment. With this it is possible to measure an elevation or depression of 
which is sufficiently accmrate for the purpose in view. 

“On trying now to apply the instrument so constructed, and attempting to measure very minute 
variations of pressure, failure still seemed imminent, for though the motion of the water in the 
increased limbs of the U tube could be measured to ^doo “•> water refused to move, except 
under pressures exceeding that wliich woxdd be indicated by so small a column ; in other words, 
tlie water seemed to stick to the cylinders. It was necessary, therefore, to make experiments with 
various liquids in order to choose one more suitable than water. For this purpose a very thin plate 
of metal was suspended from the beam of a delicate balance, and the amount of power required for 
its immersion in, and subsequent witlidrawal from, various liquids, thus measured. This resistance 
is due to what is often called capillary attraction and repulsion ; it is shown to exist largely in 
water, by the fact that a needle may be made to rest on its surface without sinking. In the case 
of water, 20 grains were needed to overcome it ; while with many other liquids a much less force 
sufficed, and in the case of ether Yh; gK'i® was sufficient. Ether was, therefore, chosen as the liquid 
which oflered the least resistance, and also on account of its low specific gravity. 

“ After substituting ether for water, the action of the manometer was quite satisfactory. The 
lines on the floats also returned exactly to their original position after any disturbance, and its 
indications could be relied upon to in. 

“ It remained now to ascertain the value of these indications when applied to the measurement 
of the velocity of air. The problem to be solved is one which does not seem to have received the 
attention of mathematicians. It may be briefly stated thus The lower end of a vertical straight 
tube, open at both ends, dips into a liquid. To what height will the liquid be raised in the tube by 
the action of a current of air passing with a given velocity across its upper end? 

“ On consideration, it will appear probable that the height of the column is but a measure of 
the impact fpree of the air in motion. Experiment proves this to be the case. It shows that the 
liquid is drawn up to the same height it would have reached had the stream of air been directed 
against the surface of the liquid in the cistern. The problem is now exchanged for one easier of 
solution. • 

Let V = velocity of the air in ft. per second. 

<7 = gravity = 22-18 ft. per second. 

tc = weight of a cubic ft. of air at 60“ F. and 29-92 in. barometric pressure = 0-076107 lbs. 

P = pressure in pounds per square ft. of a flat surface held at right angles to the direction 
of the air current. 

Then w = g F. 

Let p — the heijjht of tlie column of liquid driven up the tube measured in inches. 

\V = weight in lbs. of cub. ft. of this liquid. 


ThenP p W ; r® w _ jrp W; r _ p ^ , where the liquid used is water W = 5 - 2083 

» w 


and t) z= V u-46-92; orp = 

^ 2202 


ether of the specific gravity of -740 is employed, and the 
mstrnment is so used that the reading is double the actual column of ether supported. 


In this case v = . / ^ -28-55. 

V iS to 


gVf , 


airilffiSn?frol1te^"f^o‘^r“‘" “ecessary when the temperature of the^tream of 
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Let •o’ = velocity of air at some other temperature, say at the temperature of t degrees P. 
w' = weight of a cubic foot of air at that temperature, 
vol.’ = volume of a cubic foot of air at that temperature. 


Then 


519 


. „1. 


459 + < 1. _ I ^59 + ^ 

* ^ w' ‘w 519 ' 


g pW 1 459 + t 
Y~ w 519 






“ But it is generally necessaty to carry the correction a step further, and to give the velocity in 
feet of air at 60° temperature. 


„ , vol. , 519 

Now a = a — P, = a __ , - 
vol. 457 + t 




gpW 1 459 + t ^ 519 


V' 


519 


ffP W J 

2 to 459 + t 


\/ ^ 459 + < 


519 459 4“ t 

X 28-55. 


Further, to correct for variations in barometric pressiu-e, 

let a'' = velocity of air at some other pressure than 29-92 inches, say at a pressure of A inches. 

to" = weight of a cubic foot of air at that pressure, 
vol." = volume of a cubic foot of air at that pressure. 


Then -r, = 


29-92 2_ _ 2 29-92 

A ’ to" to A ‘ 

gW 29-92’ 


„ /p g W /p g'^ 29-92 / 29-92 

Asabovea =^2 — =\/2 A- = \/ ^ — 28 - 55 . 

In cases where it is necessary to give the velocity in feet of air at a pressure of 29-92 inches : j 


29-92 


29-92 


p X 28-55. 

^ 29-92 


“ The complete formula, embodying the formulm of correction for variations of temperature, and 
also of barometric pressure, would therefore be — 


" =A. /d ^ X 28-55, 

V ^ 29-22 '459+ t 


V being the velocity of air at a temperature of t degrees F., under a pressure of A inches of 
mercury ; but the velocity is measured in feet per second of air at the normal temperature and 
pressure. 

“ When drawing a sample of air from a chimney in order to examine it, that sample is measured, 
by the aspirator employed, under the existing barometric pressure; we want, therefore, the velocity 
to be given in feet of air under the same condition. The following is the formula then to be 
used — 


V" J 


29-92 


619 

459 + t 


X 28-55. 


“The number 28-55 thus obtained by calculation differs somewhat from the number obtained 
by the experiments which were made two years ago. These were not carried out with the accuracy 
that might now be attained by help of the experience which has been gained in the use of the instru- 
ment si^joe that time ; therefore I have repeated them. 

“ The same method was adopted as formerly. A regular current of air was established in a long 
flue or air channel, one end of which was in connection with a high chimney, the other end was open. 
The speed of this ciftrent was measured by the anemometer, and at the same time measured by 
noting the time a puff of smoke took in travelling from one end of the flue to the other. These expe- 
rimenta^ere made in three separate flues, and many experiments were made in each. 
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“ The value of C is found in each case from the formula — 


/b® 29-92 459 + « 

^ J ■ ~~h ' 519 


j 

No. of ‘ 
Experiment. 

1 

Distance. ‘ 
Feet. 

Time 

occupied by 
Smoke. 
Seconds, i 

Speed of 
Smoke. 
Feet per 
Second. 

Pressure 
shown by 
Anemomeier. 
Inches. 

Temperature 
of Air 
in tbe Flue. 
Degrees 

F. 

Barometer 

Pressure. 

Inches. 

Value of c. 

1 

55 

9 

6-111 

0-045 

54 

30-10 

28-56 

2 

117 

12-3 

9-513 

0*1055 

50 

30-10 

28-92 

3 i 

94 

13-0 ; 

6-963 

0-0575 

55 

29-65 

29-02 

i 1 

94 

16-5 ; 

5-757 

0-038 

55 

29-65 

29-21 

5 

145 

8 

18-12 

0-4195 

44 

30-30 

27-38 

6 1 

145 

16 , 

9-06 

0-101 

44 

30-30 

27-90 

i 






Average .. 

28 50 


“The average value of c in the experiments is 28-50, while the value arrived at by purely 
mathematical considerations is 28*55. This close correspondence is the more satisfactory when the 
difficulty of accurately measuring short intervals of time is borne in mind. 

“I have, therefore, adopted the formula v = x 28-55 as correct, and calculated from it a 
table showing the velocities which correspond to the various remlings of the anemometer. The 
table is annexed, also a table showing the correction to bo made for variations in the temperature 
of the air whose speed is to be measured. The corrections to be made for small variations in baro- 
metric pressure are uuimpoitant. When it is necessary to make the correction, recourse must be 
had to the formula — 

v" = Vp X 28-55 or v ^ \/ p x 28-55. 

according to the circumstances of the case. In the former the velocity is given in feet per second 
of air measured under the barometric pressure existing in the air channel ; in the latter it is given 
in feet per second of air measured under a pressure of 29-92 inches of mercury.” 

The following is an exact description of the instrument, with directions for its use “ It consists 
first, of two tubes ; secondly of a manometer. The tubes are open throughout ; the end of one is plain 
and straight, the end of the other is bent short round at a right angle. They may be of any length, 
and of any size in the bore. These, by passing through a small hole made in the brickw-ork of the 
flue or chimney, ate placed so that their ends are exposed to the current of air whoso velocity is to 
be measured. The speed of a column of air moving along a circular flue or chimney is greater at 
the centre than at the outside. The point of average speed will be found to be removed from the 
outside by one-third of the radius of the flue. Thus, if the flue or chimney be 6 ft. diameter at thy 
place where the testing hole is made, the length of the portion of each tube passed through the hole 
should bo either 1 foot or 5 feet. The tubes are made to lie parallel to each other and at right angles 
to the current of air, the bent end of the one being turned to face it. Care must be taken to 
prevent a rush of air entering at the test hole, and making an eddy in the flue. The outer ends of 
the tubes are connected by flexible tubing of any convenient length with the manometer. This 
measures tlie diflerence of the pressures conveyed by the two tubes. The manometer may be con- 
sidered as a U tube, whose limbs are expanded into cylinders of 3 in. diameter and 3 in. height. 

“ The connecting tube at bottom is small. The liquid used in it is ctlier, on account of its low 
specific gravity and its mobility. To assist in noting accurately the height of the ether, each column 
is provided with a float of hollow metal, on which is inscritx-d a fino line. An ivory scale with 
20 divisions to the inch, and a vernier, enable the difference of level between the two floats to be 
read of to onc-thousandth of an inch. In using the instrument it is not necessary to fix it strietlv 
level, if the following method is adopted. ^ 

“ Attach the straight pressure tube by means of flexible tubing to one limb of the instrument 
and the bent pressure tube to the other limb. Adjust the scales to their respective floats and read 
off. Now reverse tlie connections of the flexible tubing so that the pressure tube with the straight 
end is attached to that limb of the instrument which was before connected with the bent t»be itud 
the one with the bent end is attached to the other limb. Again adjust the scales to their respective 
floats and read off. Subtract the lesser reading from the greater, and tbe difference will be what is 
called in the annexed table the ‘manometer reading’; it is twice the height of the column of 
ether which was supported by the difference of pressure conveyed through the two tubes whose ends 
are in the current of air. If the current of air has been produced by increase of prL.ssure ljv*th 
blast from a fan, or by diminution of pressure, as by the action of a chimney, the order of the obser^ 
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vation is the same. In both cases the amount of the lesser reading is dedncted from that of the 
greater, and the dflerence is the figure sought. It is p in the formula r = Vi’ ' 28‘55. On con- 
srdting the aimexed table the corresponding speed of the air will be found. 

“ Thus, if the first reading is 1-039, and the second reading, after reversing the connections of 
the flexible tubing, is 0-861, the difference will be 0-178. The speed will be found on referring to 
the table to be 12-03 ft. per second. This is, however, only true if the temperature of the air is 
60° P. Should it in this case be 520°, the table of corrections for temperature gives the number 
0-7280. This multiplied by 12-05 is 8 -772, the true speed. 


Table to Show the Speed op Ccbrents op Aik, as indicated by the 
Ether Anemometer. 

r - n/ P X 28-55. 

Temperature 60° F. Barometer 29-92 inches. 


Manometer | Speed of Air : 
Reading : ! Feet per 

Inches. ‘ Second. 


0-001 I 
0-002 ' 
0-003 
0-004 ] 
0-005 
0-006 ! 
0-007 , 

0-008 j 

0-009 
0-010 
0-011 I 
0-012 i 

0-013 
0-014 
0015 
0-016 
0-017 
0-018 
0-019 
0-020 
0-021 
0-022 
0-023 
0-024 
0-025 
0 026 
0-027 
* 0-028 
0 029 
0-030 
0-031 
0-032 
0-033 
0-034 
0-035 
0-036 
0-037 
0-038 
0-039 
0-040 
0-041 
0-042 
a- 043 
0-044 
0-045 
0-046 
.0-047 

o-ols 

, 0-049 

0 050 
0-051 
0-052 

0-054 


Manometer 
Reading : 
Inches. 

Speed of Air . 
Feet per 
Second. 

0-055 

6-695 

0-056 

6-756 

0-057 , 

6-816 

0-058 

6-876 

0-059 

6-935 

0 060 

6-993 

0-061 

7-051 

0-062 

7-109 

0-063 

7 166 

0 064 

7-223 

0-065 

7-279 

0-066 

7-335 

0-067 

7-390 

0-068 

7-445 

0-069 

7-500 

0-070 

7-554 

0-071 

7-608 

0-07-2 

7-601 

' 0-073 

7-713 

0-074 

7-760 

0-075 

7-819 

0-070 

7-871 

0-077 

7-9-22 

0-078 

7-974 

0-079 

8-025 

0-080 

8-075 

0-081 

8-1-25 

0-082 

8-175 

. 0-083 

8-2-25 

0-084 

8-275 

0-085 

8-321 

0-086 

8-373 

0-087 

8-421 

0-088 

8-469 

0-089 

8-517 

1 0-090 

8-565 

0-091 

8-613 

[ 0-092 

8-660 

' 0-093 

8-707 

, 0-094 

8-754 

0*095 

8-800 

> 0-096 

8-846 

0-097 

8 892 

0-098 

8-938 

■ 0-099 

8-983 

0-100 

9-028 

0-102 

9-118 

0-104 

9-207 

0-106 

9-295 

0-108 

9-383 

0-110 

9-469 

0-112 

9-5.54 

0-114 

9-6.39 

0-116 

9-724 


; Manometer Speed of Air ; 
j Reading • i Feet per 

! Inches. I Second. 


0 

118 

9 

808 

0 

IWf 

9 

891 

0 

122 

9 

972 

0 

124 

10 

053 

0 

126 

10 

13 

0 

128 

10 

21 

0 


10 

29 

0 

132 

10 

37 

0 

134 

10 

45 

0 

136 

10 

53 

0 

138 

10 

60 

0 

ifciB 

10 

68 

0 

142 

10 

76 

0 

144 

10 

83 

0 

146 

10 

91 

0 

148 

10 

98 

0 

150 

11 

00 

0 

152 

11 

13 

0 

154 

11 

20 

0 

156 

11 

77 

0 

158 

11 

34 

0 

160 

11 

42 

0 

162 

11 

49 

0 

164 

11 

56 

0 

166 

11 

63 

0 

168 

11 

70 

0 

170 

11 

27 

0 

172 

11 

84 

0 

171 

11 

91 

0 

176 

11 

98 

0 

178 

12 

05 

0 

IBM 

12 

11 

0 

182 

12 

18 

0 

184 

12 

25 

0 

186 

12 

31 

0 

ISS 

12 

38 

0 

IBM 

12 

45 

0 

192 

12 

51 

0 

194 

12 

57 

0 

196 

12 

64 

0 

198 

12 

71 

0 

200 

12 

77 

0 

202 

12 

83 

0 

204 

12 

90 

0 

206 

12 

96 

0 

208 

13 

02 

0 

210 

13 

08 

0 

212 

13 

15 

0 

214 

13 

21 

0 

216 

13 

27 

K 

218 

13 

33 


220 

13 

39 

0 

222 

13 

45 

0 

-224 

13 

-51 


1 


Manometer 
Reading : 
Inches. 

Speed of Air : 
Feet per 
Second. 

0-226 

13-57 

0-228 

13-03 

0-230 

13-70 

0-23-2 

13-76 

0-234 

13-82 

0-236 

13-88 

0-238 

13-94 

0-240 

13-99 

' 0-242 

14-05 

0-244 

14-11 

i 0-246 

14-17 

0-248 

14-23 

0-250 

14-28 

0-252 

14 -.34 

0-254 

14-40 

' 0-256 

14-45 

0-258 

14-50 

0-2C0 

14-56 

0-262 

14-62 

, 0-204 

14-68 

0-266 

14-74 

0-268 

14-79 

i 0-270 

14-84 

, 0-272 

14-90 

i 0-274 

14-96 

! 0-276 

15-01 

, 0-278 

15-06 

’ 0-280 

15-11 

i 0-282 

15-17 

' 0-284 

15-23 

' 0-286 

15-28 

0-288 

15-33 

0-290 

15-38 

1 0-292 

15-44 

0-294 

15-49 

0-29G 

15-54 

i 0-298 

15-59 

i 0-300 

15-64 

j 0-302 

15-70 

' 0-304 

15-75 

0-306 

15-80 

0-308 

15-85 

' 0-310 

15-90 

0-312 

15-95 

0-314 

16-00 

0-316 

16-05 

0-318 

16-10 

0-320 

16-15 

0-322 

16-20 

0-324 

16-25 

0-326 

16-30 

■ 0-328 

16-35 

0-330 

16-40 

0-332 

16-45 

> 


> 



0- 903 

1- 277 

1- 564 
1-806 

2- 019 
2-212 
2-389 
2-554 
2-709 
2-855 

2- 994 

3- 127 
3-255 
3-378 
3-497 
3-612 
3-723 
3-830 

3- 935 

4- 038 
4-137 
4-235 
4-330 
4-423 
4-514 
4-604 
4-691 
4-777 
4-862 

4- 945 

5- 027 
5-107 
5-187 
5-265 
5-342 
5-418 
5-492 
5-565 
5-638 
5-710 
5-781 
5-851 
5-921 

5- 989 

6- 056 
6-123 
6-189 
6-255 
6-320 
6-384 
6-4?8 
6-510 
6-572 
6-634 
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Table to show the Speed op Cubrents op Aie — continued. 


Manometer 
Eeading : 
Inches. 

Speed of Air : 
Feet per 
Second. 

Manometer 
Reading : 
Inches. 

Speed of Air : 
Feet per 
Second. 

Manometer 
Beading : 
Inches. 

Speed of Air : 
Feet per 
Second. 

Manometer 
Reading ; 
Inches. 

Speed of Air : 

Feet per 
Second. 

0-334 

16-50 

0-392 

17-88 

0-450 

19-15 

0-530 

20-78 

0-336 

16-55 

0-394 

17-93 

0-452 

19-20 

0-540 

20-98 

0-338 

16-60 

0-396 

17-98 

0-454 

19-24 

0-550 

21-17 

0-340 

16-65 

0-398' 

18-02 

0-456 

19-28 

0-560 

21-37 

0-342 

16-70 

0-400 

18-06 

0-458 

19-32 

0-570 

21-56 

0-344 

16-75 

0-402 

18-11 

0-460 

19-36 

0-580 

21-75 

0-346 

16-80 

0-404 

18-16 

0-462 

19-41 

0-590 

21-94 

0-348 

16-85 

0-406 

18-20 

0-464 

19-45 

0-600 

22-12 

0-350 

16-89 

0-408 

18-24 

0-466 

19-49 

0-610 

22-30 

0-352 

16-94 

0-410 

18-28 

0 468 

19-53 

0-620 

22-48 

0-354 

16-99 

0-412 

18-33 

0-470 

19-57 

0-630 

22-66 

0-356 

17-04 

0-414 

18-38 

0-472 

19-62 

0-640 

22-84 

0-358 

17-09 

0-416 

18-42 

0-474 

19-66 

0-650 

23-02 

0-360 

17-13 

0-418 

18-46 

0-476 

19-70 

0-660 

23-20 

0-362 

17-18 

0-420 

18-50 

0-478 

19-74 

0-670 

23-38 

0-364 

17-23 

0-422 

18-55 

0-480 

19-78 

0-680 

23-55 

0-366 

17-28 

0-424 

18-60 

0-482 

19-82 

0-690 

23-72 

0-368 

17-33 

0-426 

18-64 

0-484 

19-86 

0-700 

23-89 

0-370 

17-37 

0-428 

18-68 

0-486 

19-90 

0-750 

24-73 

0-372 

17-42 

0-430 

18-72 

0-488 

19-94 

0-800 

25-54 

0-374 

17-47 

0-432 

18-77 

0-490 

19-98 

0-850 

26-32 

0-376 

17-52 

0-434 

18-82 

0-492 

20-02 

0-900 

27-08 

0-378 

17-56 

0-436 

18-86 

0-494 

20-06 

0-950 

27-83 

0-380 

17-60 

0-438 

18-90 

0-496 

20-10 

1-000 

28-55 

0-382 

17-65 

0-440 

18-94 

0-498 

20-14 

1-250 

31-93 

0-384 

17-70 

0-442 

18-99 

0-500 

20-18 

1-500 

34-97 

0-386 

17-75 

0-444 

19-03 

0-510 

20-38 

1-750 

37-77 

0 -.S 88 

0-390 

17-79 

17-83 

0-446 

0-448 

19-07 

19-11 

0-520 

20-58 

2-000 

40-37 


Table op the Values of 



519 

459 + i 


POB Values op t from 0 to 1000 ; or Corrections fob 
Temperature. 


t 

Degrees 

F. 


t 

Degrees 

F. 


t 

Degrees 

F. 


1 ^ 

Degrees 

1 F- 



a/ 

•V,/' 

. / 519 

^ 459 + i 

'' 459 + « 

45» + i 

^ 459 + t 

0 

1-0634 

135 

0-9348 

270 

0-8438 

1 

j 405 

0-7741 • 

5 

1-0577 

140 

0-9309 

275 

0-8409 . 

j 410 

0-7729 

10 

1-0520 

145 

0-9270 

280 

0-8380 

415 

0-7707 

15 

1-0464 

150 

0-9232 

285 

0-8352 

420 

0-7685 

20 

1-0409 

155 

0-9194 

290 

0-8324 

425 

0-7663 

25 

1-0355 

160 

0-9156 

295 

0-8296 

430 

0-7641 

30 

1-0302 

165 

0-9119 

300 

0-8269 

435 

0-7619 

35 

1-0250 

170 

0-9083 

305 

0-8242 

440 

0-7598 

40 

1-0198 

175 

0-9047 

310 

0-8215 

445 

0-7577 

45 

1-0148 

180 

0-9012 

315 

0-8189 

450 

0-7556 

50 

1-0098 

185 

0-8977 

320 

0-8163 

455 

0-7535 

55 

1-0049 

190 

0-8943 : 

325 

0-8137 

460 

0-7514 

60 

1-0000 

195 

0-8909 1 

330 

0-8111 

465 

0 - 7494 

65 

0-9952 

200 

0-8875 

335 

0-8085 

470 

0-7474 

70 

0-9905 

205 

0-8841 ! 

340 

0-8060 

475 

0-7454 

75 

0-9858 

210 

0-8808 ! 

345 

0-8035 

480 

0-7434 

80 

0-9812 

215 

0-8775 , 

350 

0-8010 1 

485 

0-7411 

85 

0-9767 

220 

0-8743 ! 

355 

0-7985 ' 

490 

0-7394 

90 

0-9723 

225 

0-8711 1 

360 

0-7960 

495 

0 • 7.37f» 

95 

0-9679 

230 

0-8680 ■ 

365 

0-7936 

500 


100 

0-9636 

235 

0-8649 ' 

370 

0-7912 1 

505 

* 

105 

0-9593 

240 

0-8618 i 

375 

0 7888 i 

510 

0*7!^ 18 

no 

0-9551 

245 

0-8587 1 

380 

0-7865 : 

515 

0*7909 

115 

0-9509 

250 

0-8557 ! 

385 

0-7842 j 

52b 

0*7989 

120 

0-9468 

255 

0-8527 1 

390 

0-7819 

525 


125 

0-9428 

260 

0-8497 1 

395 

0-7786 i 

530 

0 

130 

0-9388 

265 

0-8467 1 

400 

0-7763 ! 

535 

0-7225 
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Table op the Values op 




519 

459 + « 


POB Values op t peom 0 to 1000 — continued. 


t 

Degrees 

F. 


! . 

1 Degrees 

F. 


t 

Degrees 

F. 


t 

Degrees 

F. 


/ 619 

./ 519 

/ 519 

. / 519 

' 459 + { 

’ 459 + « 

' 456 + t 

' 459 + f 

540 

0-7207 

660 

0-6811 

775 

0-6485 

' 890 

0-6203 

545 

0-7189 

665 

0-6796 

780 

0-6472 

' 895 

0-6192 

550 

0-7171 

' 670 

0-6781 

785 

0-6459 

900 

0-6181 

555 

0-7153 

675 

0-6766 

790 

0-6446 

905 

0-6169 

560 

0-7137 

680 

0-6751 

795 

0-6433 

910 

0-6158 

565 

0-7119 

685 

0-6736 

800 

0-6420 

915 

0-6147 

570 

0-7102 

690 

0-6721 

805 

0-6407 

920 

0-6136 

575 

0-7085 

695 

0-6706 

810 

0-6395 

925 

0-6125 

580 

0-7068 

, 700 

0-6691 

815 

0-6382 

930 

0-6114 


0-7051 

! 705 

0-6676 

820 

0-6369 

935 

0-6103 

590 

0-7034 

710 

0-6662 

825 

0-6357 

910 

0-6092 

595 

0-7017 

715 

0-6648 

830 

0-6345 

945 

0-6081 


0-7000 

1 720 

0-6634 

835 

0-6333 

950 

0-6070 

605 

0-6983 

1 725 

0-6620 

840 

0-6321 

955 

0-6059 

610 

0-6967 

; 730 

0-6606 

845 

0-6309 

960 

0-6048 

615 

0-6951 

i 735 

0-6592 

850 

0-6297 

965 

0-6037 

620 

0-6935 

1 740 

0-6578 

855 

0-6285 

970 

0-6026 

625 

0-6919 

745 

0-6565 

860 

0-6273 

975 

0-6015 

630 

0-6903 

750 

0-6552 

865 

0-6261 

980 

0-6004 

635 

0-6887 

755 

0-6538 

870 

0-6249 

985 

0-5994 

640 

0-6871 

760 

0-6524 

875 

0-6237 

990 

0-5984 

645 

0-6856 

765 

0-6511 

880 

0-6225 

995 

0-5974 

650 

0-6841 

770 

0-6498 

885 

0-6214 

1000 

0-5964 

655 

0-6826 


i 






For further information respecting the speed of air in flues, and experiments upon the subject, 
the reader is referred to the Report of the Chief Inspector under the Alkali Acts for the year 1874. 

It has been proposed to estimate the loss, or escape, of hydrochloric acid gas by measuring the 
amount of liquid acid yielded by the known decomposition of salt, receiving the produce in an arrange- 
ment of suitably constructed stone cisterns. As a useful guide to the manufacturer, this system is 
to be recommended; but it will be 
readily apparent that it possesses little 
virtue from an inspector’s point of view. 

The varying composition of the salt 
and sulphate, the multitudinous small 
escapes of gas, the diflSculties of a per- 
fect gauging of the acid, and the con- 
stant supervision required in order to 
get anything like accurate results, 
militate against the success of the 
plan. 

A difiSoulty which remains to be 
faced is the question of dealing with 
what is known as “ ground gas,” i.e. the 
free hydrochloric gas which escapes 
from the doors of the furnace and 
pan, from the charge of freshly- 
drawn sulphate, and from any im- 
perfect joints. This ground gas is 
often accountable for the white cloud 
which envelopes the decomposing de- 
partment of a chemical works upon a 
damp (Sy, and to it is due a consider- 
able amount of the damage done to surrounding vegetation. It seems strange that so little attention 
has yet been paid tg this potent agent of evil. A very useful apparatus is shown in Fig. 139. A 
hood. A, formed of wood or any other suitable material, is fixed over the doors of the furnace, 
and g na as it escapes from the door, or freshly-drawn charge, is drawn away to the chimney 
by the flue B. No chemical works ought to be without some such arrangement as this. The hood 
shown in the drawing is 14 ft. by 7 ft., and 18 ft. high. 
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Since the attention of mannfacturers has been aroused to the necessity for a more perfect con- 
densation, various new methods have been proposed. Proceeding npon the lines of the old “ spray ” 
condenser, shown in Fig. 140, Mr. J. Mather has proposed to pass the gas through a preliminary 
series of troughs, as shown in Fig. 141, in longitudinal section. Compressed and cooled air is driven 



for the Hargreaves decomposing process, is shown in Fig. 144. This process consists in therlecom- 
position of common salt by means of the sulphurous acid direct from the sulphur, or pyrites, burners 
and all the heat of combustion and combination must pass through the condensing apparatus. Two 
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stone cisterns are connected by 18 sets of pipes, each set going up and down five times. Finally, 
the gases go through the standing tower. 

The form of condenser, or wash tower, shown in Fig. 145, though cheap, is not to be recommended, 
on account of leakage from the joints, and the liability of the pipes to crack. Its construction will 
be readily understood from the drawing. Pipes of porous earthenware, thoroughly boiled in pitch, 
are built up with socket joints, well stemmed with some suitable material. The whole is sup- 
ported by a timber framework, and loosely packed with coke, after the manner already described. 


144 . 



The legislation of other countries upon noxious exhalations and chemical industries presents 
entirely different features from our own. The French laws are based upon an imperial edict, dated 
from Fontainebleau, 15th October, 1810, which, after referring to the complaints preferred against 
chemical works on account of “ unwholesome or inconvenient exhalations,” decrees that “ after the 
publ^tion of the present enactment, the manufactures which give out an unwholesome or impleasant 
odour will not be allowed to be established without the authority of the administration. These 
establishments will be divided into three classes. The first class will comprehend those which 
ought to be distant from all private dwellings. The second, the manufactures and wo^^sbops which 
it is not^ecessaiy to separate rigorously from dwellings, but which, nevertheless, ought not to be 
allowed before ascertaining correctly that the operations wiU be carried on in such a manner as not 
to cause damage or ^convenience to the neighbourhood. In the third class will be placed those 
establishments which may remain without inconvenience before habitations, but ought to be 
sub^jjltfi^ to the surveUlanoe of the police. 

A list is appended of the manufactures and establishments giving rise to noxious exhalations 
which could not thereafter be commenced without the consent of the Administration. This list, 
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issued last in 1867, in a revised form, relegated to the first class the manufactures of arsenic, hydro- 
chloric, picric, stearic, sulphuric, and nitric acids, and the manufactures of starch, matches, explo- 
sive powders, arseniate of potash, fireworks, pearl ashes, glue, cyanide of potassium, manures, tars, 
fats, and various oils, together with the sulphates of ammonia, copper, soda, &c., &c. The second class 
comprised various modified processes of the manu- j,,,. 

factures recited in the first class, where special 
means were taken to prevent the emission of 
noxious vapours, together with the manufactures 
of pyroligneous acid, chlorine and the chlorides, 
coke, iron, murexide, animal charcoal, porcelain, 
sal-ammoniac, &c., &c. The third class included 
further, and still more carefully conducted, pro- 
cesses of the foregoing chemical industries, together 
with the manufactures of alcohol, ammonia, steel, 
albumen, artificial fuels, bricks, tinplates, coal gas, 
gelatine, litharge, paper and paper pulp, copperas, 

&c., &c. 

In Paris the authority is vested in the hands of 
the Prefect of Police and the Conseil d’Hygiene, 
which latter consists of scientific and official men 
of high standing. Within the last few years, 
also, inspectors have been appointed in some few 
of the departments — Paris, Lille, Bordeaux, &c. 

— who are under the prefect. These inspectors 
are closely allied to our alkali inspectors, it being 
their duty to visit periodically, and report upon, 
the various manufactures of their districts. The 
Conseil d’Hygitoe holds weekly meetings, and 
considers, not only questions relating to chemical 
works, hut all other circumstances and condi- 
tions affecting health, including sewage, drainage, 
scavenging, &o. It seems to be the desire of the 
French Government to foster all manufactures, 
and they are therefore treated with great leniency. 

About 300 establishments existed before the decree 
of 1810, and, of the 2000 or 2500 set on foot since, 
probably by far the greater number exist withmit 
authorization. In some respects, at least, it is 
France that is the “ land of the free ! ” 

The Belgian legislation divides industrial 
works into three classes. For the establishment 
of the first, and most dangerous, class, the per- 
mission of the king is required. For the second, 
the permission of the permanent deputation of the 
provinces ; and for the third, that of the admini- 
stration of the communes. 

Besides the decrees, there are many explana- 
tory circulars from the Minister of the Interior 
to the governors of the provinces, entering into 
minute details. 

There is an inspector appointed by Government, a man of high position, as professor, but he is 
rather the consulting chemist to the Govemmemt. He does not visit the chemical works except 
when complaints ate made. To some extent excise officers are made to act as inspectors at^kali 
works, and whilst they keep the keys of the storehouse for salt, on which substance duty is paid, 
they make observations on the state of the atmosphere within the works ; but they are not expected, 
nor are they^tted, to make experiments, * 

In Prussia no law similar to our Alkali Acts exist. An enactment, dated July Ist, 1861,‘-providea 
certain conditions for the concession of sites and the using of streams. When it is proposed to 
erect works an application has to be made to the police authorities, who tly^renpon require the 
inhabitants of the given district to state their objections— if any. The question of opposition being 
settled, a provisional license is granted, which has subsequently to be confirmed by the.,]^ister 
of Commerce. All questions of damage caused by annoyance, or pollution of rivers and^ streams 
must be settled in the courts of law. ’ 
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In testing hydrochlorio acid, the usual rough method employed is to observe how far a Twad- 
dell’s hydrometer sinks in the liquid. In doing this, special note must be taken of the temperature 
of the acid. It may be laid down as a general rule that the reading varies 1° for every 20° of 
heat, in cooling from 140° F. down to 60° F. This applies to the ordinary acid of 20° to 30° Tw. 
With regard to the estimation by measurement which has been alluded to, the following change 
of volume at various degrees of heat should be noted ; — 

1 cub. ft. of liquid acid at 62° F. becomes 1‘0019 cub. ft. of liquid acid at 70^ F. 




5> 

1-0043 



80 „ 




1-0066 



90 „ 



» 

1-0089 



100 „ 



» 

1-0113 



110 „ 



» 

r -0137 



120 „ 



» 

1-0161 

41 


130 „ 



)> 

1-0184 

44 


140 „ 



»> 

1-0208 

44 


150 „ 



yt 

1-0231 

44. 


160 „ 



» 

1-0255 

44 


170 „ 



>» 

1-0279 

44 


180 „ 



♦> 

1-0302 

44 


190 „ 



>s 

1-0326 

44 


200 


By dividing the fractional part of the real specific gravity by 5, the specific gravity by Twad- 
dell’s hydrometer may be readily ascertained, and also the percentage of real acid, which two are 
pretty nearly the same. Thus, taking an acid of I'lO real sp. gr., 20 — i. e. 100 divided by 5 — will 
be the specific gravity by Twaddell, and very nearly the percentage of real acid. This process of 
calculation reversed is perhaps more useful. 



With a view to remedy the evil arising from the irregularity of the strength of ordinary tower 
acid, affecting the Resting by Twaddell’s hydrometer, Mr. Kane, of Dublin, has constructed the 

ingenious apparatus shown in Fig. 146, of which the following is Mr. Kane’s description • 

‘aCbP exit pipe from the top of the first condenser, for the convenience of connection, descends 
vertically into a junction pipe at the level of the condenser’s bottom, and from the side of this 
junction another short range of similar pipes conducts the waste gas to the wash tower. This 
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junction stands upon a stone, out to receive it, and the mere contact of the waste gas with the sides of 
the exit pipe suffices to condense enough acidulated water to form a small constantly running lute 
in the bottom of the junction. By observing the specific gravity of this acidulated water one has, 
to a certain extent, a test as to whether the condensation in the first condenser is reasonably good 
or not. For, although a Twaddell hydrometer should only indicate one degree of specific gravity 
in this acidulated water, tliere may be some smalt escape of gas in the exit pipe. Yet it is a negative 
test for the condensation, inasmuch as the esciipe of gas from the first condenser must be greater in 
proportion if the acidulated water be of a high degree of specific gravity. 

“ It is difficult to compel the hydrochloric acid maker to sample this water in the ordinary way, 
and we therefore determined to collect it in such a manner that it should tUruot itself on his 
observation. 

“ With the junction pipe already alluded to, which supports the vertical range of exit pipes from 
the first condenser, we connected a very small range of glass tubing, through which all the liquid 
formed in the exit piping and falling into the junction should necessarily flow. This glass tubing 
brings the acidulated water to the front of the condensers, and discharges it into a circular glass 
vessel, about 14 in. high and 2J in. diameter, having an exit tube at the bottom, which is connected 
with another glass tube arising outside the vessel to about two-thirds its height, and discharging 
into an earthenware pipe connected with the stock cisterns for hydrochloric acid. By this arrange- 
ment there is always enough liquid in the vessel to float a Twaddell hydrometer, and, as the 
liquid constantly flows from the first condenser exit pipe through the glass vessel, and thence 
away to the stock cisterns, the acid maker can at any moment of the day, by merely looking 
at the floating hydrometer, tell whether or not the condensation in the first condenser is 
comparatively near perfection. Similarly we connected a range of glass tubing to the bottom 
of the first condenser, and through it a stream of strong acid constantly runs, the strength of 
which, varying as the strength of the acid in that condenser constantly varies, is indic.ited also by 
a floating hydrometer. If, tlierefore, a high degree of specific gravity be indicated by the hydro- 
meter in the acid from the first condenser, and also in the acid in the adjoining gla.ss from the exit 
pipe, it proves that enough water has not been supplied to the first condenser, or that for some 
other reason the gas has not been properly condensed, and that there is a quantity of g.is goinv to 
the wash tower which should have been utilized in the first condenser. If too much water has 
been supplied to the first condenser the acid maker notices the precise moment when the specific 
gravity of the run begins to decrease, and he can more quickly remedy his mistake. If the acid 
from the first condenser be of a high degree of specific gravity, at the same time that the acidulated 
water from the exit pipe is of a very low degree of specific gravity, it proves to the acid maker 
as far as an unscientific test can do, that his first condenser is working satisfactorily.” 

The specific gravity of hydrochloric acid is only a safe guide to its commercial value when the 
sample is pure. Ordinarily the presence of foreign bodies or positive adulterations disturbs this 
method of testing by artificially increasing the strength. The proportion of real acid is more 
safely ascertained by neutralization, with a test liquor of ammonia or carbonate of soda or by 
saturation with carbonate of calcium. To effect the latter a given quantity of the acid is taken— 
say 100 grains— and diluted with twice its weight of water, in any suitable vessel A weighed 
lump of white marble, m known excess of the acidity of the liquid, is added, and left in the acid 
until all effervescence has ceased. The marble is then taken out, washed, dried and weighed a^ain 
The loss in weight indicates the quantity dissolved. Now, by the known equivalents 37 grains of 
pure, hydrochloric acid can saturate 50 of carbonate of calcium. If then the quantity taken 
100 grains has dissolved, say, 45 grains of the marble, the sample contains 33-3 orains ner 
cent, of real hydrochloric acid or 84 per cent, of acid at 1-20 sp. gr., and should show itself 
1-17 sp. gr. 


The usujl contaminations of hydrochloric acid are sulphurous and sulphuric acids and ner- 
chloride of iron; also, m a less degree arsenious and nitric acids, and free chlorine The water 
used for condensing purposes adds its own impurities in the shape of the salts existiu- therein 
These contaminations are chiefly due to the articles used in the manufacture of sulph.mc°ao,d and 
sulphate of soda, and to the action of the acids and salts upon the plant employed On the 
nent, the admixture of coal-dust with the common salt-in order to avoid a salt tax-gives X tn 
an especial amount of sulphurous and sulphuric acids. To detect perchloride of iron the acid mav 
super-saturated with ammonia, whereby a flocculent brown precipitate will slowly form - oTto 
the super-saturated solution sulphide of ammonia may be added, which will precinitate thi^irn^ 

tal” 'fto™™' ...»i o7"h“ 


The presence of su^lphurous and sulphuric acids may be detected by precipitation with chloride 
of banum. The sulphate of barium thrown down indicates the existence of sulphuric acid Freed 
from this by til ration, the filtrate may be treated with nitric acid to oxidize the snlphuroM 
and precipitated again with theharium salt. ^ 
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Arsenious acid may be detected by the well-known Marsh’s apparatus, for description of which 
the reader is referred to any book of chemical analysis. 

The presence of free chlorine is readily detected by its odour, if present in any considerable 
quantity, or by the decolorization of a few drops of added sulphate of indigo solution. If nitric 
acid is present, a portion of gold leaf immersed in the sample will be dissolved. 

Hydrochloric acid may be freed from sulphurous and sulphuric acids by careful distillation, 
the sulphurous acid being first transformed into sulphuric by the addition of a small quantity 
of powdered binoxide of manganese. The hydrochloric acid passes over and leaves the sulphuric 
acid in the retort. By redistillation the perchloride of iron may be similarly eliminated. Arse- 
nious and arsenic acids may be removed ly distillation with a small quantity of sulphide of 
barium, or by digestion with copper filings, and distilling the decanted acid. 

The commercial value of hydrochloric acid varies from 10s. to &l. per ton, according to the 
quality of the sample and distance from the source of supply. The tower acid is made in such 
enormous quantities, that, as a rule, no profitable price can be got for it, and, unless the manufac- 
turer can utilize it in some other process, it is often run off into the river or sea. When prepared for 
sale it is collected in glass carboys, set in baskets of wicker work, or hoop iron. 

The magnitude and growth of the trade may be appreciated from the facts that in 1862, the 
amount of salt consumed in the United Kingdom alone was 254,000 tons, and at the present time 
the consumption has reached the enormous total of 650,000 tons per annum. 

Before bringing the article to a close, a few w'ords should be devoted to one or two new 
processes for the manufacture of sulphate of soda, in so |^ar as they trench upon the subject in hand 
— the production of hydrochloric acid. The processes themselves will be considered at a later date. 
Messrs. Jones and Walsh claim that by their patent furnace they effect not only a saving of 
wages, and improved quality of salt-cake, but a more perfect condensation of hydrochloric acid. 
The first two objects are certainly accomplished, but the condensation is not so good as by the 
old process, inasmuch as the pan has to be worked with a very strong draught. It has already 
been pointed out that rapidity of draught is a potent enemy of condensation. 

Messrs. Cammack and Walker’s furnace consists of a revolving cylinder, the salt and sul- 
phuric acid being supplied constantly by mechanism. The same objection applies to this as to 
the furnace of Messrs. Jones and Walsh, in point of condensation. Both plants are, moreover, 
exceedingly liable to get out of order. Mr. Deacon’s plan of a raised furnace has not yet been 
worked out. The same may be said of Mr. Mease’s revolving pan, with fixed agitators, or ploughs. 
The mind of the manufacturer of to day is, above all things, set upon minimising hand labour, and 
in this respect the new processes doubtless effect a great deal. But so far as the production of 
hydrochloric acid is concerned, no device has in any way superseded the old method of divided 
condensation between pan and roaster with the ordinary stone or brick towers. 

A detailed description of the salts of hydrochloric acid will be given under the heads of their 
respective bases. J. L. 

• ACII), HTDROFLTTORIC. (Fa., Acide fluurique; Geb., S}}iit/isdun‘). Formula, HF ; 
specific gravity, 1'06. 

This acid, discovered by Scheele in 1771, is produced by the action of sulphuric acid upon metallic 
fluorides. For the preparation of tiie pure acid in the liquid state, powdered dry fluorspar is placed 
in a leaden or platinum retort, having a bent leaden tube fixed to the mouth. This tube is V'sbaped, 
and the bottom of it is immersed in a freezing mixture. Strong sulphuric acid is introduced into 
the retort, and the contents are mixed and gently heated. Hydrofluoric acid gas is given off in 
the form of a colourless vapour, which passes into the bent tube, where it is condensed to a liquid. 

If the dry gas be required, it may be prepared by igniting the double fluoride of hydrogen and 
potassium, which decomposes into fluoride of potash and hydrofluoric acid. 

Hydrofluoric acid is used chiefly for etching upon glass. This property is due to the extreme 
aflinity of the acid for silica, which it attacks energetically. The glass being covered with a thin 
coating of etching-wax, lines are traced in the wax with a fine-pointed instrument. On exposure 
to thg gas the lines traced in the wax are etched, the rest of the glass being unacted on. The 
graduation of glass instruments is performed by this method. Hydrofluoric acid is used also in the 
laboratory for the decomposition of silicates in mineral analysis. 

Fluoespae. — The mineral used for the preparation of hydrofluoric acid has a beautiful 
cryStallitie structure ; it exists abundantly in England, especially in Derbyshire, where it is known 
as “Blue John.” It is also found in Cumberland, Northumberland, Durham, Yorkshire, and 
Cornwall. It cryst^lizes usually in cubes. It is sometimes found perfectly colourless, but it 
generally exhibits beautiful shades of blue, green, yellow, and red. These tints disappear when 
the mh^ral is heated to redness, at which temperature it gleams with a beautiful, many-coloured, 
phosphorescent light. If heated considerably higher, it loses its power of phosphorescence, 
becoming at the same time quite colourless. 

_ L 2 
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At Castleton, in Derbyshire, fluorspar is made into vases and various other ornamental articles. 
The colour is sometimes so intense that the articles cannot be wrought thin enough to show it, in 
which case the stone is heated in an oven till nearly red-hot, when the deep blue is changed into a 
pale amethystine hue. Fluorspar is used also by lead-smelters as a flux. 


ITITBIC ACID. — (Fb., Acide nitrique or azotique ; Gsai., Salpetersaiire), sometimes, in a diluted 
form, called aquafortis (eau forte, soheidewasser). Constituents, hydrogen, nitrogen, and oxygen. 
Formula, HNO3. 

Nitric acid may be viewed as a compound of one equivalent of the anhydrous acid with one 
equivalent of water. When pure it is a transparent colourless liquid of 1 ■ 52 sp. gr., giving off, in 
moist air, white fumes with a well-known sour taste and pungent odour. The commercial acid is 
usually more or less coloured, owing to the presence of certain lower oxides of nitrogen. Its 
mixture with water develops heat, a definite acid liquid of 1'42 sp. gr. being formed, containing 
60 per cent, of the anhydrous acid. At 86° nitric acid boils and undergoes partial decomposition 
into water, oxygen and peroxide of nitrogen. After about three-fourths of the liquid has distilled 
over, the residue loses all colour, and contains 95 "8 per cent, of real acid. Beyond this the boiling 
point rises continually, a strong acid coming over, and a weaker being left behind. When this residue 
attains a percentage of only 68 HNO3, it is found to boil unaltered at a temperature of 120°, under 
the ordinary pressure of the atmosphere. W’^hatever may be the strength of the acid experimented 
upon this final constant liquid is always obtained. This is shown in the following table which gives 
the results of a series of experiments by Eoseoe. Column I. gives the volmne of acid employed ; 
column II. the percentage quantity of real acid in the liquid before distillation ; column III. the 
volume of liquid remaining in the retort; column IV. the percentage of real nitric acid contained in 
the residual liquid after distillation ; — 


1 ] 

1 N’o* I 

I. 

II. 1 

III. 

1 IV. 

1 1 

c.c. ' 

20 

70-2 

cc. 

5 

! 

68-1 ■ 

1 2 

20 

68-3 

5 

i 68-0 : 

! 3 

20 

68-3 

5 

67-9 

1 4 

20 1 

66-9 

5 

1 68-0 


20 i 

66-2 ' 

5 

68-0 

6 1 

1 

20 1 

62-2 

5 

: 68-0 ’ 

i ! 


If the pressure under which the operation is conducted be varied, a new, but always finally fixed, 
acid is obtained, with a constant boiling point. Thus under a pressiue of l’22m. of mercury a 
68 ‘6 per cent, acid distils over unchanged, whilst under a pressure of O' 070m. an acid with a 
constant composition of 66 ' 7 per cent, comes over at a temperature of from 65° to 70°. When aqueous 
nitric acid is subjected to a current of dry air, a stronger or weaker acid is volatilized, according to 
the strength or temperature, until a residual liquid is obtained which volatilizes unchanged^. 
Thus at a temperature of 100° the residual acid shows a composition of 06 • 2 per cent. ; at a tempera- 
ture of 60° 64 5 per cent., whUe at 15° the residue has a fixed composition of 64 per cent, real acid. 
In all these respects aqueous nitric acid resembles hydrochloric acid. For further details relating 
to these matters the reader is referred to the paper published by Dr. Eoseoe in the ‘ Chem. Soc. Qu. 
J.,’ vol. xiii 150. 

I. Kolbe (‘ An. Ch. Phys.’ [4] X. 136) has published a new table of the exact specific gravity of 
nitric acid of various strengths : — 


p 

Density. 

Contraction. 

P 

Density. 

Contraction. 

At 0°. 

At 15° 

At 0°. 

At 15°. 

100-00 

1-559 

1-530 

0-0000 

89-56 

1-521 

1-494 

0-0315 

99-84 

1-559 

1-530 

0-0004 

88-00 

1-514 

1-488 

0- 03.54 

99-72 

1-558 

1-.530 

0-0010 

87-45 

1-513 

1-486 

0'0h69 

99-52 

1-557 

1-529 

0-0014 

86-17 

1-507 

1-482 

0-0404 

97-89 

1-551 

1-523 

0-0065 

85-00 

1-503 

1-478 

0-0433 

97-00 

1-518 

1-520 

0-0090 

84-00 

1-499 

1-474 

0-0459 

96 00 

1-544 

1-516 

0-0120 

83-00 

1-495 

1-470 

Cf-048b 

95-27 

1-542 

1-514 

0-0142 

82-00 

1-492 

1-467 

0-0508 

94-00 

1-537 

1-509 

0-0182 

80-96 

1-488 

1-463 

0-0531 

93-01 

1-533 

1-506 

0-0208 

80-00 

1-484 

f 460 

0-05,56 

92-00 

1-529 

1-503 

0-0242 

79-00 

1-481 

1-456 

0-0580 

91-00 

1-520 

1-499 

0-0272 

77-66 

1-476 

1-451 

OrilftiO 

90-00 

1-522 

1-495 

0-0301 

76-00 

1-469 

1-445 

0-0643 
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p 

Density. 

Contraction. 

P 

Density. 

Contraction. 

At 0° 

At.l6°. 

At 0° 

1 At 15°. 

75-00 

1-465 

1-442 

0-0666 

47-18 

1-315 

1-298 

0-08.70 

74-01 

1-462 

1-438 

0-0688 

46-64 

1-312 

1-295 

0-0848 

73-00 

1-457 

1-435 

0-0708 

45-00 

1-300 

1-284 

0-0835 

72-39 

1-455 

1-4.32 

0-0722 

. 43-53 

1-291 

1-274 

0-0820 

71-24 

1-450 

1-429 

0-0740 

42-00 

1-280 

1-264 

0-080S 

69-96 

1-444 

1-423 

0-0760 

41-00 

1-274 

1-257 

0-0796 

69-20 

1-441 

1-419 

0-0771 

40-00 

1-267 

1-251 

0-0786 

68-00 

1-435 

1-414 

0-0784 

39-00 

1-260 

1-244 

0-0755 

67-00 

1-430 

1-410 

0 0796 

37-95 

1-253 

1-237 

0-0762 , 

66-00 

1-425 

1-405 

0-0806 

36-00 

1-240 

1-2-25 

0-0740 

65-07 

1-4-20 

1-400 

0-0818 

. 35-00 

1-234 

1-218 

0-07-29 

64-00 

1-415 

1-395 

0-0.830 

33-86 

1-226 

1-211 

0-0718 

63-59 

1-413 

1-393 ■ 

0-0833 

: 32-00 

1-214 

1-198 

0 0692 

62-00 

1-404 

1-386 

0-0846 

, 31-00 

1-207 

1-192 

0-0678 

61-21 

1-400 

1-381 

0-0850 

30-00 

1-200 

1-185 

0-0064 

60-00 

1-393 

1-374 

0-0854 

29-00 

1-194 

1-179 

0-0050 

59-59 

1-391 

1-372 

0-0855 

28-00 

1-187 

1-172 

0 ’ 0035 

58-88 

1-387 

1-368 

0-0861 

27-00 

1-180 

1-166 

0-0616 

58-00 

1-382 

1-363 

0-0864 

25-71 

1-171 

1-157 

0-0593 

57-00 

1-376 

1-358 

0-0868 

23-00 

1-153 

1-138 

0 '0520 

56-10 

1-371 

1 353 

0-0870 

20-00 

1-132 

1-120 

0-0483 

55-00 

1-365 

1-346 

0-0874 

• 17-47 

1-115 

1-105 

0-0422 

54-00 

1-359 

1-341 

0-0875 

15-00 

1-099 

1-089 

0-0366 

53-81 

1-358 

1-339 

0-0875 

13 00 

1-085 

1-077 

0-0316 

53-00 

1-353 

1-335 

0-0875 

, 11-41 

1-075 

1-067 

0-0296 

52-33 

1-349 

1-331 

0-0875 

7-20 

1-050 

1-045 

0-0206 

50-99 

1-341 

1 323 

0-0872 

4-00 

1-026 

1-022 

0-0112 

49-97 

1-334 

1-317 

0-0867 

2-00 

1-013 

1-010 

0-0055 

49-00 

1-328 

1-312 

0-0862 

0-00 

1-000 

0-909 

0-0000 

48-00 

1-321 

1-304 

0-0856 






The percentage, p, of HNO3 was determined by adding a known weight of pure carbonate of 
lime in excess, and weighing the portion which remained undissolved. These figures differ consi- 
derably from, but are probably more correct than, those determined and published by Dr. lire in his 
Dictionary. Dr. lire’s table is as follows : — 


Specific 

Gravity. 

Liquid 
Acid 
in 100. 

i Dry Acid 

1 in 100. 

Specific 

Gravity. 

Liquid 
Acid 
in 100 . 

1 

Dry Acid 

1 in 100.* 

1 Specific 

1 Gravity. 

Liquid 

Acid 

1 iu 100. 

, Dry Acid 
in 100 . 

• 

1-5000 

100 

79-70Q_ 

1 1-4107 

73 

: 58-181 

1-2705 

1 46 

36-662 

1-4980 

99 

78-903P 

1 1-4065 

72 

57-384 

1-2644 

45 

1 35-865 

1-4960 

98 

78-106 

1-4023 

71 

56-587 

' 1-2583 

44 

1 35-068 

1-4940 

97 

77-309 

! 1-3978 

70 

55-790 

1 1-2523 

43 

34-271 

1-4910 

96 

76-512 

; 1-3945 

69 

54-993 

! 1-2462 

42 

33-474 

1-4880 

95 

75-715 

1-3882 

68 

54-196 

, 1-2402 

41 

32-677 

1-4850 

94 

74-918 

1-3S33 

67 

53-399 

1-2341 

40 

34-880 

1-4820 

93 

74-121 

1-3783 

66 

52-602 

1-2-277 

39 

31-083 

1-4790 

92 

73-324 

1-3732 

65 

51-805 

1-2212 

38 

30-286 

1-4760 

91 

72-527 

1-3681 

64 

51-068 

1-2148 

37 

29-489 

1-4730 

90 

71-730 

1-3630 

63 

50-211 

1-2084 

36 

28-692 

1-4700 

89 

70-933 

1-3579 

62 

49-414 

1-2019 

35 

27-895 

1-4670 

88 

70-136 

1-.3529 

61 

48-617 

1-1958 

34 

27-098 

1-4640 

87 

69-339 

1-3477 

60 

47-820 1 

1 - 1895 

33 

26-301 

1-4600 

86 

68-542 , 

1-3427 

59 

47-023 

1-1833 

32 

25-504 

i-im 

85 

67-745 

1-3376 

58 

46-226 

1 - 1770 

31 

24-707 

1-4530 

84 

66-948 i 

1-3323 

57 

45-429 

1-1709 

30 

23-900 

1-4500 

83 

66-155 

1-3270 

56 

44-632 

1 • 1648 

29 

23-113 

1-4460 

82 

65-354 

1-3216 

55 

43-835 

1-1587 

28 

22-316 

1-9424* 

81 

64-557 I 

1-3163 

54 

43-038 

1-1526 

27 

21-519 

1-4385 

80 

63-760 

1-3110 

53 

42-241 

1-1465 

26 

20-722 

1-4346 

79 

62-963 

1 ‘ 3056 

52 

41-444 

1-1403 

25 

19-925 

1-4306 

78 

• 62-166 

1-3001 

51 

40-647 ! 

1-1345 

24 

19-128 

1-4269 

77 

61-369 

1-2947 

50 

39-850 I 

1-1286 

23 

18-331 

1-452S, 

76 

60-572 

1-2827 

49 

39-053 1 

1-1227 

22 

17-534 

1-4189 

75 

59-775 

1-2826 

48 

38-256 

1-1168 

21 

16-737 

1-4147 

• 

74 

58-978 

1-2765 

47 

• 

37-459 

1*1109 

1 

20 

» 

15-940 


150 


Acms. 


Specific 

Gravity. 

Liquid 
Acid 
in 100. 

Dry Acid ' 
inJOO. 

, 

Specific 

Gravity. 

Liquid 
Acid 
in 100 . 

Dry Acid 
in 100. 

1-1051 

19 

15-143 

1-0651 

12 

9-564 

1-0993 

18 

14-346 

1-0595 

11 

8-767 

1-0935 

17 

13-549 

1-0540 

10 

7-970 

1-0878 

16 

12-752 

1-0485 

9 

7-173 

1-0821 

15 

11-955 

1-0430 

8 

6-376 

1-0764 

14 

11-158 

1-0375 

7 

5-579 

1-0708 

13 

10 -361 





Specific 

Gravity. 

Liquid 

Acid 

In 100 . 

Dry Acid 
in 100. 

1-0320 

6 


1-0267 

5 


1-0212 

4 

3-188 

1-0159 

3 

2-391 

1-0106 

2 

1-594 

1-0053 

1 

0-797 


Nitric acid is a strong oxidizing agent, attacking nearly all the metals, the non-metallic sub- • 
stances and organic bodies. The final products of the combustion of the last-named substances are, 
usually, acetic, formic, and oxalic acids, with various intermediate and resulting compounds. Most 
of the metals are converted into nitrates, while the non-metallic bodies — e. g. phosphorus, arsenic, 
sulphur, carbon, silicon — are dissolved into their respective acids. Gold, platinum, and titanium 
resist the solvent. The potency, and resulting action of, nitric acid depend to a great extent upon 
its strength and the temperature at which the operation is conducted. "When a strong acid is used, as 
a rule, nitric oxide is evolved ; when a weaker solvent, a lower oxide of nitrogen. Charcoal digested 
with a strong acid, at a temperature below 0°, liberates oxygen, with the evolution of nitric peroxide. 
Occasionally nitrogen is set free. Many of the proto-salts — e. g. arsenites — are converted by the 
action of nitric acid into per-salts. It stains many animal substances a deep yellowish brown colour. 

The pure liquid is much less potent than when it contains nitrous acid or nitric oxide, forming 
the well known, red, fuming liquid. 

Nitric anhydride, discovered by Deville in the year 1849, forms transparent, colourless crystals 
taking the shape of prisms w.th six faces. Mixed with water these crystals dissolve, with 
evolution of heat, and form the ordinary aqueous acid. The formula of the anhydride is NjOj, 
boiling point 45° to 50°. This substance is of small value outside of the laboratory. 

Nitric acid seems to have been known from very early times. As far back as the seventh century 
Geber, in his ‘De Inventions Veritatis,’ says : “ Sume libram unam de vitrioli de cypro et libram 
salis petrae et unam quartam aluminis lameni, extrahe aquam cum rubendine alembici.” From this 
it appears that nitric acid was obtained by distillation from a mixture of saltpetre, alum, and sul- 
phate of copper. According to Herapath, the Egyptians were acquainted with this substance, using 
a marking fluid containing nitrate of silver for its base. This opinion was founded upon a micro- 
scopical examination of the hieroglyphics discovered upon the wrappings of a mummy, and seems 
to be a fair inference from all appearances. The name of aquafortis was bestowed by the alche- 
mists, who made use of the acid in various ways, especially in the separation of gold and silver. 

The term “aqua fortis” was not, however, as is often supposed, confined to nitric acid. In the 
writings of the thirteenth century directions are given for preparing it from saltpetre and sul- 
phate of iron. The present method of preparation — the distillation of saltpetre, or nitre, with 
sulphuric acid — was probably first employed by Glauber, and fox a considerable period the product 
was known as “ spiritus nitri fumans Glauberi.” In 1776 Lavoisie^||emonstrated that one consti- 
tuent, at least, was oxygen, but little more was accomplished until Priestley and Cavendish experi- 
mented upon the substance. The former, passing a series of electric sparks through air enclosed 
between two columns of litmus solution, observed that a red colour was produced, and that a 
contraction of the air volume took place. Cavendish used lime water and caustic potash in place 
of the litmus solution, and arrived at the belief that the reaction in question was caused by the 
production of an acid. He afterwards passed a series of electric sparks through a mixture of oxygen 
and nitrogen over caustic potash, and found that nitrate of potassium was produced. In the ‘ PhU. 
Trans.’ for 1784, f. 119, Cavendish reports thus upon his experiment: “The plilogisticated air 
(nitrogen) was enabled by means of the electric spark to unite to, or form a chemical combination 
with, the dephlogisticated air (oxygen), and was thereby reduced to nitrous acid which united with 
the soap lees (caustic potash), and formed a solution of nitre ; for in these experiments these two airs 
actually disappeared, and nitric acid was formed in their room.” In later times the constitnents, 
proportions, and properties of this body have been further investigated and determined by Davy, 
Gay-Lassac, and others. 

Nitric acid does not exist free in the mineral and vegetable kingdoms, but is found largely in both, 
combined with various bases — soda, lime, potash, and magnesia. If the old experiment of Cavendish, 
with oxygen and nitrogen, be performed with the addition of a little hydrogen gas, the action is much 
more marked, and a small quantity of nitrate of ammonia is formed. Henct, probably, the exist- 
ence of this salt, in the rain water of thunderstorms. M. Bobierre in his report upon some re- 
searches into the chemical composition of rain water collected at different altitudes,*~_.:ys, “I 
evaporated in an oil bath 372 litres of rain water having carbonate of soda present, and determined 
month by month the amount of nitrogen in the fixed organic matter, the nitric acid, and the 
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chlorine ; then by fractional diatillation, by Bonssinganit’s method, I determined the amount of 
ammoniacal nitrogen. 

“ Suspended matter was separated by filtration and examined by a microscope. I extract from 
my Memoir some of the principal figures, which show the nature of the results (at 47 metres height 
and down below) : — 


Gbammes op Ammonia, Nitric Acid, and Chloride op Sodium in a Cubic Metre op Bain 
Water collected at Nantes in 18(53. 


Month, 

AmmonJa. 

Kltric Acid. 

Chloride of Sodium 
(common salt). 

154 ft. high, I 

Below. 

154 ft. high. 

Below. 

154 ft. high. 

Below, 

January 

a ' 225 1 

6-398 

5-790 

3-200 

14-10 

8-40 

February 

4-610 1 

5-900 



15-10 

10-00 

March 

1-880 1 

8-620 

7-115 

5-980 

16-10 

11-90 

April 

1-840 ! 

6-680 

2-309 

1-813 

7-30 

9-20 

May 

0-747 j 

4-642 

3-501 

1-998 

5-00 

9-40 

June 

2-222 ; 

3-970 

13-218 

10-237 

15-00 

17-40 

July 

0-272 ■ 

2-700 


»» 

„ 

}> 

August 

0-257 ' 

2-112 

15-5-20 

16-000 

14-80 

19-30 

September 

1-432 1 

5-512 

9-999 

5-720 

11-20 

14-80 

October 

1-688 ■ 

4-289 

4-989 

3-198 

12-00 

9-00 

November 

0-593 : 

4-480 

6-278 

5-574 

22-80 

26-10 

December 

3-178 

15-665 

4-890 

3-100 

21-60 

16-30 

Mean 

1-997 

5-939 

7-360 

5-682 

14 09 

13-80 


The atmosphere in the neighbourhood of works where the manufacture of sulphuric acid is 
carried on is often largely contaminated by nitric acid and other oxides of nitrogen, though the 
introduction of denitrating apparatus has done much to lessen the evil. The following table gives 
the results of divers experiments. 


Nitric Acid in Exits of Vitriol Chambers in Alkali and other Works. 


Grains of 
Nitric Acid 
per 

Cubic Foot. 

Remarks. 

Solution in which 
the Gases 
were Dissolved. 

1 Grains of ! 

,NitrkAcid; Remarks. 

1 1 

Cubic Foot.' 

Solution in which 
the Gases 
were Di&solved. 

0-3009 


Potass, bicbrom. 

' 0-0594 Contains free SOj 

Potass, bicbrom. 

0-0753 

Oil of vitriol cidvert 


0-0141 : 

„ „ 

0-0842 

* « • ♦ 


0-0680 i 


0-1112 

0-0487 

0-0293 

• * • • 

« » 

n.oiKv (EkU from covered) 

1 ^ \ vitriol pan ../ 

■ 0-0166 I 

» J> 

>J »» 

0-0711 

(Smell of oxides ofl 
( nitrogen . . . j 

?> 

0-0910 : 

0-0380 ' 

a it 

it tt 

0-0823 

, , . , 


0-0337 1 

>> 

0-0307 



0-0512 ; 

5? it 

0-0770 



0-0312 i 

tt 

0-0226 



0-0193 1 

»> 

0-0659 



0-0124 ! 

tt >> 

0-0486 

Chamber flue : . . 


0-0401 ; 

tt tt 

0-0381 


Water. 

0-0238 1 

» 5» 

0-2577 

Contains free SOj 

Potaes. bichrora. 

0-0431 

>» J> 

0-0451 

” 

n n 

, 00217 

1 

tt it 


Nitric Acid in Chimnets op Alkali Works. 


Grafbs of j 
Nitric Acid 
per 1 

Cubic Foot' 

Remarks. 

Solution in which 
the Gases 
were Dissolved. 

1 1 

i Grains of | 
Nitric Acid! 

' per 1 
Cubic Foot-j 

Remarks. 

! Solution in which 
’ the Gases 

! were Dissolved. 

(J-OOIT 

Contains 

free SOj 

Potass, clichrom. 

i i 



Potass, dichrom. 

0-0074 




0-0044 



tt 

tt 

0 







it 

tt 

0 

• 


Potass, dichrom. 

0 ! 



„ 

„ 

0-0055 




i 0-0044 1 



' ti 


O-d^'^5 




; 0-0036 1 




tt 

0-0067 i 




; 0-0133 




tt 

0-0022 ; 



tt tt 

1 0 1 



1 ’> 

tt 
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Nimc Acid in Chimneys of At.ttat. t 'WoiiKa—continued. 


Grains of 
Nitric Acid 
per 

Cubic Foot. 

Remark?, 

Solution in which 

1 the Gases 

j were Dissolved. 

Grains of 1 
Nitric Acid 
per 1 

Cubic Foot. 

Remarks. 

0-0486 


t Water. 


0-0.S43 


0-0044 


' Potass, dichrom. 

0-0022 i 


0-0067 

. . . . 

! » 

»» 

0-0086 1 

Main flue 

0 

. . 



0 ; 

• * • * 

0-0156 


>5 

n 

A 

1 „ at entrance 


( Flues from 

sixV 


U 

^ to chimney 

0-0122 

1 vitriol chambers (' 


0-0044 I 

At foot of chimney 


1 pass into 

the I ' ” 


0-0080 ■ 

From retort room 


. chimney . . 

..J; 


0-0044 

Smoke flue . . 

0-0600 ; 


1 »’ 

5> 

1 



Solution in which 
the Gases 
were Dissolved. 


Potass, dichrom. 

I « >» 

j Water. 

Pot. dichromate. 


The action of the nitric, aeid present in the air of chemical works is of course to oxidize the 
sulphurous acid. Prom what has been said respecting the other oxides of nitrogen it may be 
readily supposed that they have greater potency than the acid itself. This seems to be borne out 
by the following results of experiments — the sulphurous acid in some cases appearing almost 
to be preserved by the nitric acid : — 


Number of 
Hours 
before the 
SO 2 de- 

termined. 

Milligramiuea. 


HNO 3 . 

j SO 2 . 

1 

1 SO 3 . 

! 

Water in 
which the 
Acids met. 




i added to each 



17-93 

8-35 

j 10-41 

200 

19 


0 



43 


0 




17-93 

16-70 

” 

200 

19 


7-07 



43 


0 




17-93 

33-40 

” 

200 

19 


23-59 



43 


14-29 




35-86 

1-42 


200 

5 


0-78 


; 


35-86 

1-67 


150 i 

i 

19 


0 


43 


0 




35-86 

14-23 

104-10 

200 

45 


0-39 




35-86 

16-70 

10-41 

226 

19 


4-44 



43 


0 



19 

358-6 

8-35 


200 


3-93 



45 


3-93 

1 

1 


Grains. 


! 

HNO 3 . 

SO 2 

SOs. 

Water in 
which the 
Acids met. 

0-2767 

0-1289 

added to each 
0*1606 

3086 

0-2767 

0 

0 

0-2579 

0-1606 

3086 

0-2767 

0-1092 

0 

0-5158 

0-1606 

3086 

0-553t 

0-3641 

0-2206 

0-0219 

0-1606 

3086 

0-5534 

0-0210 

0-0258 


2315 

0-5534 

0 

0 

0-2197 

1-6063 

3086 

0-5534 

0-0060 

0-2579 

0-1606 

3487 

5-5339 

0-0685 

0 

0-1289 

0-1606 

3086 


0-0607 

0-0607 



u. 


N amber of 
Hours before 
the SO 2 was - 
determined. 1 


Milligrammes. 


HNO 3 . 


SO2. 



Grains. 


HNO3. 


17 

17 

17 

17 

17 

17 


3-58 

35-86 

358-6 

358-6 

Without HNO3 
Do. 


3-47 

90 

0-0553 1 

0 


1 

3-47 

0 

90 

0-5534 i 

3-30 

80 

5-5339 

1-92 


1 

4-40 

90 

5-5339 ! 

2-83 

3-30 

80 i 

W'ithout HJfO, ; 

0 

3-47 

90 1 

Do. ! 

0 i 

1 

1 

i 

1 

1 


so,. 


0-0535 

0 

0-0535 

0 

0-0509 

0-0297 

0-0679 

0-0437 

0-«509 

0 

0-0679 

0 


Water. 

1389 

€• 

1389 

1234 

r • 

1389 

1234 
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III. 


Number of 
Hours before 
the SO 2 was 
determined. 

Milligrammes. 

1 Cubic 

1 Cents. 

1 Water. 

Grains. 

HNO3. 

SO2. 

HNO 3 . 

SO2. 

Water. 


3-58 

11-01 

100 

0-5553 

0-1699 

1543 

2 


10-61 



0-1638 


22 


5-90 



0-0910 



35-86 

11-01 

101 

0-5533 

0-1699 

1558 

2 


9-93 



0-1532 


22 


8-14 



0-1256 



358-6 ■ 

11-01 

no 

5-5339 

0-1699 

1697 

2 


9-08 



0-1401 


22 


8-00 



0-1235 



896-5 

11-01 

125 

13-8347 

0-1699 

1929 

2 


9-83 



0-1517 


22 


8-35 



0-1289 


. 168 


3-94 



0-0609 



1793-0 

11-01 

150 

27-6695 

0-1699 

2315 

2 


8-94 



0-1456 


22 


8-84 



0-1365 


168 


6-78 



0-1047 



Without HNO 3 

11-01 


Without HNO 3 

0-1699 


2 


10-61 



0-1638 


22 


2-75 



0-0424 



Action op Oxides of Nitrooen on Sdlphubous Acid. 


The gas prepared by acting on copper with HNO 3 passed into water, and a known amount of 

SO 2 was then added. 


Hours 
standing 
before the 
SO2 was d**- 
termined. 

Milligrammes. 


Grains. 

Remarks after standing. 

Oxides of N 
calculated 
as HNO3. 

SO2. 

Water In 
which the 
Gases were 
dissolved. 

Oxides of N 
calculated 
as HNO3. 

SO2. 

Water in 
which the 
Gases were 
dissolved. 


1-66 

11-79 

225 

0-0257 

0-1820 

3472 


4 


2-21 



0-0341 


No smell, but de- 








colorized iodide of 








starch. 

23 


2-21 



0-0341 


Do. do. 


4-26 

5-89 

115 

0-0658 

0-0910 

1775 


4 


2-26 



0-0349 


Do. do. 



0 



0 


No smell, and does not 







decolorize iodide of 








starch. 


4-84 

23-58 

192 

0-0747 

0-3640 

2963 


4 


15-10 



0-2330 



23 


11-33 



0-1748 


Smell of SOj. 


47-65 

5-89 

no 

0-7354 

0-0910 

1697 


4 


0 



0 



23 


0 



0 


Smell of oxides of N. 


97-79 

11-79 

68 

1-5092 

0-1820 

1037 


4 


0 



0 



23 


0 



0 


Do. do. 



11-79 

169 

Without 

0-1820 

2623 






oxides 








ofN. 




4 

Without 

6-68 



0-1031 




oxides 








of N. 







23 


0 



0 




The process of nitrification that has been referred to, the production first of nitric acid and then 
of a nitrate, is an important agency in nature, especially in warm climates, and where there is an 
unfailing supply of detfiying organic matter. From this cause proceed the artificial nitre beds of 
the Continent, and the various deposits of nitrates of soda, potash, and lime occurring in feouth 
America * India, Persia, Ceylon, &c. Concerning this more will be said in treating of the respective 
bases. The formation of the salt in all these cases probably proceeds from the same natural cause. 

The deposits are found far from human habitations, and always upon porous rocks, or light 
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earths, where the air can circulate freely, and where a considerahle amount of moisture can he held 
suspended. Upon hard rocks no deposit is found, and rarely in sheltered places, unless there is 
considerahle humidity. Nitrate of lime may often he observed upon old walls, forming a distinct 
efflorescence. Lavoisier found nitrate of potash, mixed with nitrate of lime, upon specimens of 
chalk from Eoche Guyon and Mousseanx. These salts have heen obtained in considerable quanti- 
ties from the floors of old stables and cowsheds ; indeed, in some places, and at certain times, the 
Collection has become quite a trade. It is, moreover, a noteworthy fact that the nitrate-bearing 
earths and rocks perpetually renew the formation when it is removed, so long as the necessary 
base is present. The deposits never penetrate far below the surface. Rain and dew dissolve the 
salts, the solutions rise by capillary attraction, and, evaporated by the action of the sun and air, 
form an efflorescence on the surface. The process of nitrification goes on most vigorously when 
animal or vegetable matter in a state of putrefaction is present. Oxidation of the ammonia, or nitro- 
genized organic snbstances, then proceeds rapidly, especially when the temperature is higher than 
20°. Nitrate of lime is artificially prepared on the Continent by mixing cinders, or any porous 
material, with decaying animal and vegetable matters. The masses are moistened from time to 
time with urine, turned over occasionally to expose every portion to the action of the air, and after 
the lapse of a couple of years, subjected to lixiviation to obtain the lime salt. 

Nitric acid assumes a very important place in the arts and manufactures. Perhaps, with the 
exceptions of sulphuric and hydrochloric acids, it enters more largely into every-day commercial 
life than any other acid. It is chiefly esteemed for its solvent and oxidizing powers, and in these 
ways forms a moat important agent in analysis, dissolving and oxidizing metals, and so separating 
them from the few which resist its action — e. g., silver from gold — peroxidizing antimony, tin, man- 
ganese, iron, &c., and, generally, separating soluble and insoluble precipitates. Nitric acid forms a 
valuable test for organic bodies ; is employed in etching upon copper, steel, and stone ; is used as 
a solvent in the preparation of certain mordants, and imparts to others their potency by its oxidizing 
infiuence. In medicine it forms a tonic, and is also extensively used as a poweiful caustic. It 
enters into the manufacture of nitro-benzine and many similar organic preparations, nitro-glycerine 
and gun-cottons. Finally, it forms a series of valuable salts termed nitrates, of which more will 
he said hereafter. 

The methods of preparation are various, but, as a rule, exceedingly simple. The experiments of 
Cavendish, by which, passing a series of electric sparks through air, he first demonstrated the com- 
position of the acid, have already been referred to. “When nitrogen is mixed with twelve times its 
bulk of hydrogen, and burnt in oxygen, a small quantity of nitric acid, together with nitr.ite 
of ammonia, is found in the resulting water. By the decomposition of the oxides of nitrogen— as 
by electrolyzation, and by the action of water upon nitrous oxide, and nitric anhydride — consider- 
ahle quantities of the acid may be produced. Other and more feasible methods that have been 
proposed, are the following ; — By heating chloride of manganese with nitre, 

5 Mu 01 + 5 Na N 03 = 3 MnOMn^O +5NaCl + 5 NOj + O. 

The mixture of nitric peroxide and free oxygen then brought together in presence of water, is converted 
into nitric acid. By the action of the sulphates of manganese, zinc, magnesium, calcium, &c., upon 
nitre, similar results are obtained. When a strong solution of nitrate of barium is decomposed by 
equivalent quantity of oil of vitriol, sulphate of barium is precipitated, and a weak nitric acid of 
sp. gr. I'OS, may be decanted off and concentrated by boiling. All these processes, however, 
belong, as yet at least, only to the region of the experimental chemist. The huge bulk of the 
nitric acid of commerce is obtained by heating 
nitrate of soda, or nitrate of potash, with sulphuric 
acid. Upon a small scale this operation may be 
performed with the apparatus shown in Fig. 147. 

Into a stoppered glass retort equal weights of 
nitre and sulphuric acid are placed, and a gradu- 
ally increasing heat applied from a Bunsen’s 
burner. A bisnlphate of soda, or potash, is formed 
in the retort, and nitric acid distils over and is 
collected in a flask or suitable receiver, kept cooled 
with water. When this operation is carefully con- 
ducted, a very pure acid of 1 • 50 sp. gr. may be 
obtained, in weight equal to two thirds of the 
nitre employed. It is advisable to take equal 
quantities of acid and nitre, rather than the equivalent proportions, becauie in the latter case a 
much greater heat is required to set free aE the nitric acid, and the neutral sulphate left behind 
seta into a hard mass, difficult to remove and in danger of cracking the vessel. By iSEiiing the 
temperature at which distillation is effected, a portion of the nitric acid undergoes decomposition. 
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Upon a large scale the decompositioii of nitre by sulphuric acid is carried on in the various 
retorts shown in Figs. 148 to 154. Iron vessels for the distillation were first employed by the French 
manufacturers, but their use has gradually spread until only a comparatively small amount of 
nitric acid is made in glass retorts. Perhaps the hest form of retort is the cast-iron cylinder shown 
in Fig. 148. This is almost exactly similar to the retort used for the manufacture of hydrochloric 


us. 



acid, and already described. Each retort may have its separate fireplace, or they may be set in 
pairs. The shape and substance are alike in both cases, a good size being 6 ft. long, by 2 ft. 6 in. 
or 3 ft. 'diameter, with plates IJ to 2 in. thick. The end over the fire is removable— some- 
times both ends, to facilitate cleaning out — and through it the charge of nitrate of soda, or potas- 
sium, is introduced. The door is then securely luted on, and the necessary amount of sulphuric ‘ 
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acid introduced through the funnel shown in the drawing. 'When the charging is completed this 
funnel is withdrawn, the hole stopped up with a plutedlug, and the fire gently set away. 'When 
tte operation is completed, the cylinder is allowed to cool down, the door opened, and the mass of 
sulphate, or bisulphate, of soda raked out. The nitric acid disengaged passes off through earthen- 
ware pipes, luted into the top or further end of the retort, into a row of Woulfe’s bottles, or other 
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suitable condensers. A cylinder of the description here given will work off 12 to 15 tons of nitre 
per week. It is better to take the acid off through the top of the retort to hinder any possible 
carrying over of the contents when the disengagement of gas is active. When a cylinder is cracked it 
mayb“ repaired by bolting a piece of sheet iron, with red lead, on the inside, and countersinking the 
bolts ; but it is very questionable if such attempts are advisable. The most profitable plan is to 
renew the cylinder as speedily as possible, and realize the old metal. In order to protect the metal 
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from being eaten away by the nitric acid vapours, a retort of the description shown in Fig. 149 is 
occasionally nsed, the upper half being lined with fire-bricks. Or the cylinder may be turned 
round from time to time. If, however, the heat is carefully managed, and no acid allowed to 
condense on the plate, a cylinder will rarely fail by the mere action of the acid. 

Another form of cast-iron retort, used in Germany, is given in Fig. 150, and is especially 
adapted to the manufacture of a strong acid. The charge consists of 700 kilos of sulphuric acid of a 
sp. gr. of 1*84, and 600 kilos of nitrate of soda. A somewhat similar retort, closely resembling 
the acetate of lime pot shown in Fig. 35, is in use in Bngland. The cover is usually formed 
of segments of stoneware, or fireclay “ quarls,” bound together with iron. The difficulty of 
cleaning out the residual cake, and the continual breaking of the covers, are objectionable 
features. 

A French furnace is shown in Fig. 151, and consists of a deep cast-iron boiler or kettle, about 
yard in diameter, and 3 ft. deep. The advantage of this retort and method of setting is that 
the flames and heat envelop the whole of the vessel, and so, by keeping up a uniform temperature, 
preserve the metal. A double lid is employed — one of metal, fitting the kettle, and an upper one of 
earthenware, stone, or bricks, bound together, and luted into the brickwork setting of the furnace. 
It is well to line the iron tube which conveys the gases to the condensers with a glass or earthen- 
ware tube, allowing this lining to project two or three inches into the retort. 

The use of nitrate of soda has now almost entirely superseded that of nitrate of potash on acount of 
its cheapness. The former also contains, weight for weight, a greater amount of nitric aeid — about 60 
per cent, as against 53 per cent. The process is the same whichever salt is used. Much diversity of 
practice exists with regard to the proportions of nitre and sulphuric acid. These may vary, from the 
exact equivalents up to a large excess of acid. If the theoretical quantities are used, the operation 
takes longer and requires a greater heat. First the acid acts upon a portion of the nitre, disen- 



gaging nitric acid and forming an acid sulphate of soda. Then this acid salt acta upon the 
remainder of the nitre, again liberating nitric acid and leaving, finally, a neutral sulphate. This 
residue forms an exceedingly compact mass which it is difficult to remove from the cylinder. More- 
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over the high temperature required decomposes a portion of the nitric acid, giring rise to peroxide 
of nitrogen, and oxygen, the former of which dissolves in the strong acid and imparts a red colour 
to it. This last disadvantage is more apparent when nitrate of potash is nsed. Nitrate oCsoda 
even when only equivalent proportions are used, yields up its nitric acid at a lower tempera- 
ture, and the small portion that is decomposed only slightly colours the product, which may be 
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afterwards purified by dilution with water and the application of a gentle heat. Usually the 
manufacturer uses a large excess of acid, proceeding entirely by rnle of thnmb — an excess of 
acid even beyond equal weights. By this means he saves fuel, gets a better product, and 
by forming an acid, and always fused, sulphate in the retort, greatly facilitates the cleaning out 
operation. 

Many descriptions of glass retorts are stUl used. The apparatus shown in Figs. 152 to 154 is to 
be recommended, the construction of which will be readily understood. With this setting the retorts 
can be removed at wUl. To prevent any portion being carried over into the receivers, the charge 
of nitre should be very carefully put into the retorts — shaken well down. Glass retorts are used 
when nitrate of potash is employed, and when a carefully made acid is required. At the com- 
mencement of the operation red fumes are formed by the decomposition of a portion of the nitric 
acid, and the acid that first comes over, impregnated with these fumes of peroxide, should be col- 
lected separately. Gradually the coloration subsides, though rarely entirely absent. When the red 
fumes reappear it is a sign that the operation is completed, and 
distillation should be promptly stopped. 

Passing now to the condensation of the product, the apparatus 
usually employed consists of an arrangement of Wonlfe’s bottles. 

These may be set as shown in Fig. 88 when treating of the con- 
densation of hydrochloric acid. The acid that collects in the first 
bottle is usually very impure, in the last too weak for sale, especially 
when running water is employed to assist condensation. A good 
plan is to keep only a very small quantity of water in the Woulfe’® 
bottles, and connect the range with a low tower packed with coke, 
down which a stream of water is conducted. The weak acid may be 
added to the stronger, pure product of the middle bottles. The 
strength required depends, of course, upon the destination of the 
acid, and varies from 1‘3 to 1‘5 — or 100° Tw. All the acid as it 
first condenses is coloured by the peroxide of nitrogen, as described. 

For decolorization it is placed in bottles, similar to those used for 
condensing, set over a furnace, or a sand-bath. A gentle heat — 
not more than 85°— is applied from below until aU evolution of 
red vapours ceases. Or, to obtain a thoroughly pure acid, the 
rough product may be distilled carefully in glass retorts. Peroxide 
of nitrogen and chlorine first come over and are separated, then 
a pure nitric acid is collected in a receiver, distillation being 
checked when a small residue is loft in the retort. This residuum 
contains all the iodic aud sulphuric acids and whatever sulphate 
of soda may have collected. The iodine which helps to colour 
commercial nitric acid, comes from the original nitre. 

«An ingenious tap arrangement has been designed by M. Chevd 
to obviate the necessity for discharging the colour from nitric acid 
in the manner described. It is shown in Figs. 155 and 156, and 
will be best understood from the section given in the latter drawing. 

The products of distillation enter at A. The first portions contain 
the colouring gases, and the tap being turned as shown in Fig. 156, 
are conducted to a range of Woulfe’s bottles for condensation in the usual way. After a time, 
when the gas is beginning to lose its colour, the tap is turned so as to close up B, and the acid 
fumes are conducted along C to a separate range of bottles, which thus yield an almost colour- 
less product. Towards the close ef the distillation, if the red fumes reappear, the current can be 
readily passed through B again into the bottles containing the first-collected and impure acid. 

The range of bottles is occasionally warmed by the waste heat from the retorts in order to 
prevent their fracture by the first, hot, acid which comes over, the fire being diverted into a second 
flue as sgon as the operation has well begun. It is very questionable, however, if this refinement is 
either necessary or advisable. 

The condensing apparatus of M. I). Plisson, shown in Figs. 157 to 163, possesses some ad- 
vantages over the usual 'Woulfe’s bottle arrangement. Fig. 157 gives a vertical section passing 
through the siphon nozzle of a bottle, a is a small stoneware pipe fixed to the bottom of the 
vessel, with a small opening at 6 to admit a certain portion of the contents of the bottle. This 
pipe rises above the le|pl of the liquid and issues through the side of the condenser at c. Into the 
neck of this bottle the tubular end A of an upper vessel is inserted, while another communication 
pipe B forms a connection with the next bottle placed alongside. A shoulder d fits into the dished 
neck at e, and is carefully luted. Figs. 158 to 163 give various views of the condensing apparatus 
fitted together. Fig. 158 is a side view. Fig. 159 an end view of a portion to the right of the line 
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X, Figs, 160 to 163 different plans of Fig. 158. A, Fig. 158, represents the retort into which 
the nitre and sulphuric acid are introduced. The evolved gases pass off through B into the bottle 
marked 1 : here a portion condenses, the remainder passing on through C into bottle No. 2, and so 




rlisfi 


on in the direction of the arrows. The gas condensed in the bottles 4 and 5 falls down into 
the lowest range 1, 2, and 3, fitted with siphon nozzles, through which the condensed liquid flows 
into the main D, and finally into the receiver marked 6. F F, Figs. 160 and 161, are the handles. 
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The pipe G takes the vapours that may be evolved in bottle 6 and conveys them back into the con- 
densers to be liquefied. H and I are auxiliary bottles to catch whatever gas may be uncondensed 
in the main range. 


The cost of a ton of good commercial acid is about 23/. 10s., allowing 25s. for the nitre cake 
which is removed from the retort, broken up, and sold to the manufacturers of sulphate of soda for 
mixture with the charge of common salt. The operation consumes about 1 ton of coal to a ton of 
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nitric acid, labour figures for 40 j. per ton, packages for 25*., and wear and tear for lOs. The selling 
price varies from 2d. to 3^d. per lb., according to quality. This crude sulphate — “ or nitre cake 
— ^is'usually of about the following composition ; — 


Sulphate of soda 75 '90 

Free sulphuric acid J6‘61 

Water 6‘01 

Insoluble 1-29 


100-00 


Tills sample would be esteemed by the alkali manufacturer on account of the large amount of 
free acid contained. 

Anhydrous nitric acid — nitric anhydride — is obtained by decomposing nitrate of silver 
with chlorine gas. Both should be perfectly dry, and the operation should be slowly performed. 
The following equation represents the decomposition : — 

2AgII03 + Cl, = 2AgCl + 0 + 

Nitrate of silver. Chlorine. Chloride of silver. Oxygen. Nitric anhydride. 

The silver salt, in well dried crystals, is placed in a U-tube, which is immersed in a bath of water 
with a supernatant layer of oil, and heated by means of a spirit lamp placed below. The chlorine gas 
is admitted from any suitable gas-holder, and dried by being passed through tubes containing chloride 
of calcium, and pumice-stone moistened with sulphuric acid. With the tube containing the silver 
salt is connected another tube, immersed in a freezing mixture, at the bottom of which is a small 
receiver to separate a small quantity of volatile nitrous anhydride which is produced during the 
operation. When the apparatus is fitted together the nitrate of silver is heated to about 175°, and a 
stream of chlorine gas passed over it at the rate of about 60 cubic in. in twenty-four hours. After 
the crystals of nitrate have been thoroughly dried the temperature should be gradually lowered to 
about 70°. The chlorine then decomposes the salt, freeing nitric acid and oxygen, and forming 
chloride of silver. The oxygen finally passes off, and the nitric anhydride condenses in the cooled 
receiver. Some little difficulty in this process arises from the fact that the acid acts upon the caout- 
chouc joinings. The U-tubes, however, cannot well be in one piece, or absolutely joined together, as 
is sometimes recommended, by melting the ends, as it is necessary to separate the parts in order to 
remove the condensed nitrous compound. 

A method that has been proposed for the production of the red, fuming, nitric acid is the 
following: — 100 parts of nitrate of potash are roughly ground with 4 parts of starch, the mixture 
introduced into a retort, and 100 parts of oil of vitriol of 1-85 sp. gr. added. The mouth of 
the retort leads into a piece of glass tubing three or four feet long, and from thence the products of 
distillation pass into an ordinary cooled receiver. A very slight degree of heat is sufficient to 
complete the operation, the proportions named yielding about 60 parts of a deep red, fuming, 
acid* 

The chief impurities in nitric acid are sulphuric and hydrochloric acids, and chloride of iron. 
Occasionally, too, with a view to increase the strength artificially, nitrate of potash is dissolved in 
it. The last-named substance c.an be readily detected by evaporating the acid, when the nitrate, if 
present, will be left behind. To discover the presence of sulphuric acid, a small quantity of the 
sample may be evaporated in a platinum dish to about one-eighth its bulk, diluted with water, and 
a solution of nitrate of barium added. If sulphrrric acid be present a white precipitate of sulphate of 
barium is produced, insoluble in water, acids, and ammonia. Dilution with water is necessary to 
dissolve any precipitate of nitrate of barium and nitrate of silver which might form and pass for 
sulphate of barium. 

The presence of chlorine, hydrochloric acid, or the chlorides, is detected by diluting the sample 
with three or four times its bulk of water, and adding a solution of nitrate of silver. The formation 
of a white curdy precipitate, soluble in excess of ammonia, but reappearing again upon the addition 
of an excess of acid, shows the presence of one or more of the impurities in question. For 
laboratory or special purposes a pure acid may be obtained by adding a sufficient amount of nitrate 
of silver, decanting or filtering the liquid from whatever precipitate may be formed, and distilling 
it in a glass retort with a glass receiver. 

The’ following constitute tests for nitric acid:— (1) Copper wire or turnings reduce the acid to 
nitric oxide, which forms bright yellowish-red fumes in the vessel. (2) Sulphuric acid decomposes 
aU nitrates' freeing nitijp acid, which may be recognized by a purple discoloration of starch paper 
moistened with iodide of potassium. (3) Strong sulphuric acid is added to a solution of a nitrate, 
and the mixture allowed to cool : upon the addition of a solution of ferrous sulphate, or chloride, 
the iron liquid turns a deep brown from the formation of a compound of nitric oxide and the 
ferrous salt. (4) A minute quantity of nitric acid added to water coloured by solution of sul- 
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phate of indigo, upon boiling bleaches the liquid, by the oxidation of the indigo. (.5) Hydrochloric 
acid added to nitric acid confers upon it the power of dissolving gold leaf. 

The ordinary rough estimation of nitric acid is made by the hydrometer. A more exact estima- 
tion may be made by careful neutralization with carbonate of barium, filtering, evaporating to 
dryness, and weighing the dry nitrate of barium produced. The equivalent proportions readily give 
the original amount of acid. Many other methods are employed, for a detailed description of which 
the reader is referred to any good work upon chemical analysis. Among the best may be named 
neutralization and volumetric determination ; the oxidation of a ferrous into a ferric salt ; the reducing 
action of mercury or copper at a red heat ; conversion into ammonia, &o., &o. 

It has already been said that nitric acid forms a series of well-defined salts termed nitrates. 
These are for the most part crystalline, and soluble in water. They melt readily, and decompose 
at a high temperature. Heated with combustible substances, a more or less violent deflagration 
ensues. The nitrates of lime, soda, potash, and ammonia occur largely in nature, and are formed 
whenever nitrogenized organic matters are acted upon by the air in contact with a base. The more 
important members of this series of salts are the nitrates just named, together with those of alumina, 
barium, cobalt, copper, iron, lead, magnesium, mercury, nickel, silver, strontium, tin, and zinc. A 
detailed description of the nitrates will be given under the heads of their respective bases. 

J. L. 

O XA IilG ACID. (Fr., Acide oxalique; Geb., Sauerileesdure). Formula, C^H^Oj. 

Oxalic acid exists in the crystallized form in transparent, quadrangular prisms. The crystals 
are soluble in nine times their weight of cold water, but require only their own weight of boiling 
water ; they are also soluble in alcohol. In cold sulphuric and hydrochloric acid, they may be 
dissolved without undergoing decomposition. When heated suddenly to a temperature of 100°, the 
crystals melt in their own water of crystallization ; but if the process be conducted gradually and 
gently, they fall into an opaque white powder, losing 28-5 per cent, of water. The residue remain- 
ing, C 2 H 2 O 4 , cannot be deprived of its lost equivalent of water by heating, but it may be replaced 
by some metallic oxides. If these dried crystals be placed in a retort, and heated by means of an 
oil bath of 150° to 160°, they slowly sublime unchanged, and may be condensed in the form of white 
needles. This sublimation commences at about 100°, and if the heat be allowed to exceed 160°, 
the crystallized acid will be decomposed. 

If the crystallized acid be heated quickly, without having previously undergone dessication, it 
dissolves in its water of crystallization, and at 155° resolves, with apparent ebullition, into a 
mixture composed of carbonic anhydride, carbonic oxide, formic acid, and water. Thus : — 

CjHjO,, 2HjO = COj -f 2HjO -f HCHOj (Formic acid), 

the carbonic oxide being derived from the formic acid, which yields on decomposition by heat car- 
bonic oxide and water, HCHO^ becoming CO and H^O.' Heated in contact with powdered charcoal, 
explosion accompanies its decomposition. 

Bromine and chlorine decompose this acid, as do also iodic, nitric, phosphoric, and sulphuric 
acids on the application of heat. When heated with concentrated sulphuric acid (O.V.), or yith 
phosphoric anhydride, it splits up into equal volumes of carbonic oxide and anhydride. Berthelot 
has proved that oxalic acid may easily be converted into formic acid by dissolving the former in 
glycerine and heating to about 150°, when formic acid slowly passes over, and carbonic anhy- 
dride escapes ; but on raising the temperature some 26° carbonic oxide is obtained. 

This acid reduces chromic acid, as well as the peroxides of cobalt, lead, manganese, and nickel, 
with formation of carbonic acid and water. It precipitates metallic gold from an aqueous solution 
of the chloride, carbonic acid being evolved. The aqueous solution of the acid has an intensely 
sour taste, and even 1 part in 2000 of water still reddens litmus. If swallowed, it acts as a powerful 
poison, producing death in a very few hours ; but effective antidotes exist in chalk or magnesia 
suspended in water. 

During a series of investigations into the physiological action of light upon minute organisms, 
Dr. Downes and Mr. Blunt have observed that a decinormal solution of oxalic acid was entirely 
destroyed when freely exposed to the influences of sunlight for a lengthened time, while a similar 
solution placed under similar conditions, except that the tube containing it was encased iS opaque 
material, remained altogether unchanged. It was found at the end of two months (when the 
solution was examined again) that the destruction of the acid had been so complete that it 
ceased to redden litmus paper, and yielded no precipitate with chloride of lime, while the 
reaction produced with permanganate of potash was so slight as to be barely recognizable. 
Mr. D. N. Hartley noticed the same phenomena when using a solution of oxalic acid for the 
analysis of air by Pettenkofer’s method, but it struck him that some solutions were more proof 
apinst pstruction than others. He believes that the oxalic acid made by oxidizing sugar with 
nitric acid is more stable in solution than that obtained by recrystallizing the commercial article. 
Also, the mycelium of a fungus was found by him in every instance where decomposition had taken 
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place in the liquid, and hence he haa attributed the change to the action of a fungus. On the other 
hand, Dr. Downes and Mr. Blunt found no trace of such mycelium in any case, the liquid being 
always quite clear, and tliey would not have suspected its development in strong sunlight. 
Schoesing and Miintz consider the change due to the action of an organized ferment, and Warrington 
adds that darkness is apparently essential to the process, which may be explained probably by the 
fact that light is inimical to the development of such organisms. In order to preserve the volu- 
metric solution, Mr. Hartley prepares it with water containing from 10 to 25 per cent, of alcohol, 
which he finds efficacious for four months at least. Oxalic acid is widely diffused in a natural 
state, and in the vegetable kingdom especially it is more widely distributed than perhaps any other 
organic acid. Commonly, it is found combined with lime, and in this form it constitutes the chief 
solid part of many lichens, especially the Parmelia and Yariolaria. In one species of Parmelia, 
gathered on the Persian and Georgian sands after a period of drought, has been found as much as 
66 per cent, of oxalate of lime, and towards the end of its growth the cells of the plant contain the 
excess of this salt, which is there deposited in a crystalline form. It occurs thus in Ficus Ben- 
galensis, Tradescantia discolor. Iris florentina, Fritillaria Meleagris, and others. As an oxalate of 
potash, it is found in oxalis acetosella (wood sorrel), from which plant the acid derives its name, 
and in Rumex acetosa (common sorrel), both of which plants have been used in the manufacture of 
the acid ; and also in oxalis comiculata, Rumex acetosella, Spinacia oleracea, Herba belladonna, and in 
the various parts of several other plants. Salsola kali and S. soda, besides several species of Salicornia, 
contain the acid as a salt of soda, while in the pods of the chick pea it exists in an uncombined state. 

This acid is also distributed throughout the animal kingdom, being found in the mucous mem- 
brane of the impregnated uterus, in blood, as a characteristic constituent of the mulberry calculus, 
frequently in urine, and in the mucus of the gall-bladder of man, the ox, the dog, and the pike, as 
well as in the liquor altantoidis of the cow and in the secretions of the caterpillar. In guano, too, it 
is found in combination with ammonia. 

Even in the mineral kingdom this acid is not unknown ; three varieties of oxalate of lime have 
been named respectively Whewellite, Thierschite, and Conistonite. Thierschite was discovered 
by Liebig as a grey, warty incrustation on the marble of the Athenian Parthenon, and is considered 
to have been formed by the actipn of some plant on the marble. Grey found the conistonite to con- 


sist of 

Oxalic acid 28 ‘02 

Lime 21-05 

Magnesia and soda 0-82 

Water 49-15 


99-04 

Barely, the acid occurs as a ferrous salt in lignite beds, especially at Koloseruk, in Bohemia, 
which, analysed by Eammelsberg, shows: — 


Oxalic acid 42-40 

Protoxide of iron 41-13 

Water 16-47 


100-00 


Manotactube. 1. From Plants. — The extraction of oxalic acid from vegetable growths origi- 
nated in Germany, and was carried on in Swabia. Only two plants appear to have been used — the 
wood sorrel, containing, according to Savary, 0 - 255 per cent of binoxalate of potash, and the first to 
be employed, and the common sorrel, yielding by Bannach’s analysis 0-764 per cent, of the salt. The 
large percentage contained in the latter plant led to its being cultivated for the express purpose of 
producing the binoxalate of potash, the plant being sown in March and reaped in June. The 
leaves were reduced to a pulpy condition in large mortars made of wood, when it was transferred to 
other vessels, and there treated with water. Allowed to stand for five or six days, the liquid was 
removed, and the solid residue was pressed and again treated with water. All the solutions thus 
obtained were mixed together and run into wooden cisterns for purification, having been carefully 
filtered from the undissolved mass. A small quantity of pure white clay, added while the liquor was 
kept constantly stirred, effected its purification and clarification, after the liquid had been allowed 
to stand for twenty-four hours, that the sediment might completely fall to the bottom. The clear 
liquid was decanted into copper pans, and then evaporated till a pellicle or thin saline film com- 
menced to appear on ije surface, when it was run into coolers made of glazed stoneware, and then 
permitted to crystallize. A crop of crystals of binoxalate of potash was thus procured, and these 
were again dissolved and re-crystallized in order to remove all possible traces of colouring matters 
from the salt. 

2. From Guano.— Though the extraction of oxalic acid from guano is not now in practical operas 
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tion in this country, untier certain conditions and in certain localities it xnay be profitably con- 
ducted ; and we shall therefore notice the main features of the process. 

It is essential to divide guano into two classes in their relation to this manufacture (1) those 
in which the products of a\ iue urine are intact and in a perfect state ; and (2) those in which chemical 
changes have produced various substances not originally present in the urine of birds, the latter being 
by far the more common. The class to which any sample of guano belongs may be easily ascer- 
tained by treating it with cold water, when the solution formed will give an acid reaction (like 
fresh urine) if it be of the former kind, but an alkaline reaction if it be referable to the latter 
species. 

Tlie treatment to which the former kind of guano is subjected is as follows. The mineral mast 
first be reduced to a fine powder, and then be steeped and well washed iu cold water, to remove 
the soluble urine salts, consisting essentially of sulphates and muriates of soda and potash and • 
super-phosphates of calcium. These can be recovered by boiling the solution to dryness, and possess 
valuable manuring qualities. The insoluble matters remaining after the treatment with cold water 
must be digested iu a strong solution of caibonate of potash or soda, in the cold, in order to 
remove from the guano all colouring matters that it may contain. The next step is to separate the 
uric acid from the urate of ammonia and bone earth which form the now remaining residuum. 
Tills may be effected in several ways. By treating the compound with dilute sulphuric aciil, the 
uric acid will be liberated, and brought into a condition that will enable it to be acted upon by 
peroxide of lead, care being taken that the sulphuric acid present shall always be a little in 
excess of the proportion actually required to neutralize the ammonia. A second, and perhaps 
better method consists in boiling the compound in a dilute solution of soda or sodio carbonate, 
whereby a solution of urate of sodium is obtained, about 32 lb, of soda being required for every 
168 lb. of uric acid present. This operation entails the evolution of large quantities of ammonia, 
which may be collected and economized by conducting the process in a still of sufficiently large 
dimensions to accommodate the frothing of the ammonia. The water used iu separating the urate of 
soda from the residual earthy matters must be as hot as possible, on account of the slight solu- 
bility of the salt in cold water, and the residue should be carefully washed free of urate of soda by 
boiling water. The strong solutions of urate of soda must be again treated with carbonate of 
soda in the same quantity as before, and then evaporated until a deposit commences to form. Left 
to cool, it forms a crystalline mass, from which the liquid must be pressed and drained, and the 
solid residue be washed with cold water. This plan enables a pale, lemon-coloured oxalate of soda 
to be produced even from dark-coloured guanos of the second species. Occasionally, however, the 
guano is so deeply coloured that the sodic urate thus obtained does not yield a sufficiently colour- 
less oxalic acid, in which case the salt should be once more boiled in a strong solution of sodio 
carbonate, thus dissolving the colouring matter, and the little urate taken up by the carbonate need 
not be lost, as the carbonate used in decolorising one crop may be employed to dissolve the uric 
acid out of a fresh sample of guano. The urate of soda is now to be added to boiling sulphuric or 
hydioohloric acid, the acid being in such excess as to ensure tire complete separation of the soda, 
and the ebullition to be continued for 15 to 20 minutes. 

The uric acid derived from this process is carefully washed with cold water to remove all adher- 
ing acid — a poiut essential to success— and is then boiled with pure plumbic peroxide. This salt 
is generally more expensive than the similar salt of manganese, but it works a rapid change on the 
acid while the effects of peroxide of manganese are very slowly manifested. When plumbic peroxide 
is used the boiling is conducted as follows. A measured quantity of uric acid is placed in a cylin- 
drical vessel made of iron, open at the fop, of such dimensions as to be able to hold two gallons of 
water for every 11b. of the acid and adapted to boiling by steam. To tliis water is added, or a clear 
saturated solution of lime water, and as soon as this is boiling briskly the dark puce-coloured lead 
salt is applied in gradual portions as long as the boiling liquor decolorises it, but great care must 
be exercised that no excess of plumbic peroxide be introduced, and that it be in a state of impalpable 
powder and absolutely free from acid and chlorine. In the case of pure materials, 240 lb. of the 
lead salt will be whitened by 1 68 lb. of the acid, so that when the quantity of lead added approxi- 
mates to the maximum quantity that can be bleached by the acid, future portions should be inserted 
with great caution, and any slight excess created must be counteracted by the iutroductiorf of just 
sufficient uric acid to attain that aim. The white powder produced is oxalate of lead. 

The liquid is then drawn off for future treatment, and the powder is washed with clean water. 

The cleaned powder is now put into a leaden vessel and boiled with hydrochloric acid diluted 
with its own weight of water; 200 lb. of acid at 1*179 sp. gr. being the correct proportion for every 
240 lb. of peroxide of lead that have been converted into oxalate of lead. The liquid will now 
contain oxalic acid, and should be treated with dilute sulphuric acid, carefully and gradually 
applied, as long as a precipitate forms. The oxalic acid is obtained as a solid by evaporation and 
crystallization, while the insoluble precipitate, consisting of chloride of lead, is collected and washed 
to be reconverted into the peroxide. 
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The liquid that lad been drawn off (in which the uric acid had been boiled with peroxide of 
lead) contains urea snd allantoin. On evaporating this liquid by means of heat until a film com- 
mences to form on iis surface, and then allowing it to cool, the major portion of the allantoin crys- 
tallizes out. What remains is obtained by furtlier evaporation of the mother liquor, which finally 
forms a thick syrupy liquid, composed of urea. The allantoin is now introduced with any caustic 
alkoi’ - ^ earth solution into a vessel where it may be subjected to ebullition, wlien the 

..omposed in oxalic acid and ammonia, the acid uniting with the alkali while the 

...iia pafses over and may be recovered. If potash has been the alkali used, the oxalic acid 
'.lerated may be collected as oxalate of potash ; or if a solution of baryta has been employed, 
dxalic acid, may be recovered from the oxalate formed by decomposition with sulphuric acid. 

The syrup of urea is useful for the manufacture of ammonia, or of compounds of cyanogen. In 
the former case it is boiled witli milk of lime, when it decomposes into ammonia, which is caught 
as it passes off, and carbonic acid, which unites with the lime. With the latter object in view, it 
must be thoroughly desiccated in a water bath, and may then be mixed with coal tar, or the dry 
urea may be heated up to 120° in a retort. At this heat the urea decomposes into ammonia, 
which passes into a suitable receptacle, and cyanuric acid, which remains in the retort in a solid 
state. By adding the latter to fused potas.sium carbonate charged with carbonaceous matter, it 
forms potassimn cyanide. Success can attend the process only if the precautions indicated be 
rigidly observed. To ensure the uric acid being free from foreign acid, it may be advisable to 
decompose the urate of soda by hydrochloric acid, and then to subject the uric acid to a steam heat 
until it is thoroughly dry. 

But oxalic acid also exists in guano, in combination with lime and ammonia. The ammonia 
oxalate is extracted by the cold water with which the gmano is first treated, and may be precipitated 
from it by any baric or calcic salt. It is, however, considered a better plan to treat the guano with 
a weak solution of calcium chloride in the cold, by which insoluble calcium oxahrte is left with the 
other insoluble portions of the guano, and on being boiled with a dilute solution of sodium carbonate 
foiTOS both urate and oxalate of soda. By allowing the whole to cool before drawing off the liquid, 
the greater portion of the urate of soda will be deposited, after which the solution is cv.aporated, the 
urate of soda being first deposited, and afterwards the oxalate also. The oxalate thus produced 
may be clarified by washing with cold carbonate of soda and allowing it to crystallize, and the 
pure acid may be extracted from it by precipitating with barium sulphide and using sulphuric 
acid as a decomposer. 

In order to reconvert the sulphate or chloride of lead to peroxide for repeated use in the manu- 
facture, the following method has been proposed. The apparatus required will consist of an 
ordinary chlorine still attached to a Woulfe’s apparatus, composed of at least two vessels, each of 
sufiicieut capacity to hold 20 gallons of water for every pound of chloride of lead to bo treated, and 
provided with a rouser, or arrangement for stirring up the mass. Each vessel is charged with a 
milk of lime carefully prepared in the proportion of 1 of lime to 40 of water, and the chloride of 
lead to be operated upon in the proportion of 1 of lime to 2 of chloride. The chlorine still is now 
charged, and the chlorine generated passes into the first Woulfe’s vessel, and is quickly absorbed by 
the milk of lime and chloride of lead, which should be kept from forming a sediment at the bottom 
of the vessel by means of the stirring arrangement. The chlorine should be generated continuously 
until it is found to pass through the first vessel without further absorption, which indicates that tho 
process in that vessel is completed. The contents are then removed, and their place is filled with a 
new charge of lime and chloride, while the chlorine gas is introduced anew, but passed first into 
the second Woulfe’s vessel so that they are worked off alternately. 

In this way the chloride of lead is converted into peroxide, while the milk of lime becomes 
a solution of chlorides of lime and chlorine. This bleaching liquor is decanted from the peroxide 
of lead, and treated with chloride of lead till it loses its smell of ehloriue. The peroxide of lead 
should be repeatedly washed with boiling water till it loses all taste, and should then be boiled in 
a very dilute sodic solution, and again washed till tasteless, when it is in a fit condition for use, 
and should be kept under water to preserve its impalpable state. 

Ani^her process differs from the one we have described only in using permanganate of potash, 
red lead, or dilute nitric acid to produce the chemical reactions. 

3. By the Action of Nitric Acul on Veyetable Substances . — It was proved by Bergmanu that oxalic 
acid might be produced by treating vegetable substances with nitric acid, the best results being 
obtaiiied from those which contained no nitrogen, e. g. sugar, starch, and wrxxly fibre. Treacle and 
coarse su<m,rs have been principally used on account of their low market price, about 116 lb. of oxalic 
acid being obtained *om 1 cwt. of the former, aud 140 lb. from tlie same quantity of the latter. 
The operation may be condircted in lead-lintd wooden vessels or in stoneware jars. The latter 
are made to hold about two gallons; they are ranged in rows in water batijs, aud aie heated 
by steam. The leaden tank.s are generally about 8 ft. square and 3 ft. deep, and are provided with 
a coil of leaden pipe for conducting the steam through their contents. 
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Supposing the manufacture to be conducted in lead-lined tanks, the method of procedure is as 
follows. About 825 lb. of treacle are run into the cistern, and to this 11 lb. of sulphuric acid are 
first added, in order to separate out the lime contained in the treacle, when the lime (as sulphate) 
has settled, the purified molasses is transferred to another tank containing by preference about 
15,000 lb. of mother liquors from previous operations, and 900 lb. of nitric acid at 1’200 to 1'270 
sp. gr. The contents are well stirred together, and the temperature is incr. ''ont 30 

(80° F.) by passing steam through the leaden pipe-coil. This is maintained for tv 
at the expiration of which the mixture is removed to another vessel, and left for a day or so, x., 
that the remaining impurities may subside. To the clarified liquor is now added 66 lb. of c 
centrated sulphuric acid, as well as 2200 lb. of nitric acid, the latter in quantities of about 3 cw 
at a time and twelve hours apart. The temperature during the first twelve hours of this stage 
should be kept at about 38° (1C0° F.) : during the second twelve hours it is increased to 43° 
(109° F.) : during the third twelve hours it should reach 49° (120° F.), and for the remainder of 
the operation it may vary from 52° (125° F.) to 54° (129° F.). 

About twenty-four hours later the mother liquors are decanted and the crystals drained, dis- 
solved in clean water, and recrystallized. It is said that the use of the mother liquors is essential 
to procure good results. 

Care must be taken that the strength of the nitric acid used shall not exceed the lumt mentioned 
above, or the saccharine matter may be converted either into carbonic or formic acid. The propor- 
tions of the materials used will vary to some extent, according to the nature of the substances used, 
but when good molasses is employed the amount of nitric acid produced by the action of 320 lb. of 
sulphuric acid on 278 lb. of nitrate of soda, should be sufficient for the oxidation of 1 cwt. of 
the treacle, and should yield 100 lb. of marketable oxalic acid. 

Some careful experiments by L. Thompson yielded 17J oz. of oxalic acid from 28 oz. of raw 
sugar but when the mother liquors of previous operations were employed the-product was increased 
to 30 to 32i oz. of the crystallized acid, accompanied by 20 to 22J oz. of carbonic acid. 

The chief fault of this process lies in the waste of the nitrogen compounds which are disengaged 
by the oxidation of the saccharine matters, and for the prevention of which many plans have been 
tried with more or less success. From the fact that these compounds are mixed with carbonic acid, 
which exercises a remarkable influence in 
counteracting their affinity for oxygen, one of 
the most obvious uses to which they might be 
applied, viz. the manufacture of sulphuric acid, 
is put out of the question. 

One plan of indirectly overcoming this 
obstacle has been undertaken by Firmin, who 
passes the gases up a column packed with 
coke, down which sulphuric acid is made to 
trickle. The nitro-sulphuric acid thus obtained 
may be injected into the sulphuric acid 
chambers in the form of spray, and will thus 
serve the same purpose as nitrate of soda or 
nitric acid. 

Two other plans of economizing these 
waste gases have originated with the same 
inventor. In one he employs such an arrange- 
ment as is shown in Fig. 164, of which a a is 
the decomposing vessel, made of slate, or of 
wood lined with thick lead, and provided 
inside with coils of leaden pipe for conducting 
the steam necessary to heat the contents ; 

6 6 is a large eductor dipping into the solu- 
tion, and by means of which the gases are 
carriqd away ; c is the hole for charging the cistern ; d forms the connection of a pump for forcing 
in air oxygen or other gases ; at e communication is made with the nitric acid tank, and / is a 
tap for emptying the decomposer of its contents. 

Into the decomposer are introduced 100 lb. of sugar or a proportional weight of starch or treacle, 
and then 600 lb. of nitric acid of 1-220 sp. gr. are added gradually during a space of twelve to 
fifteen hours. Steam is turned on to heat the mixture, and when the convefcion into oxalic acid is 
complete, which point may be known by the absence of coloured fumes on the admission of air, the 
contents are drawn off at the top / into water baths for concentration, and thence are carried into 
suitable coolers for crystallization. Whilst the nitric acid is reacting, air is pumped in through d- 
or the gases having been collected and mixed with air, are pumped in through the saccharine liquid. 
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In the second process the object aimed at is the production of cyanogen compounds, for which 
purpose the gases are taken over a mixture of carbonaceous substances, iron and an alkali, heated 
to a high degree, and are passed thence through water, and after being collected are forced through 
a pipe connected with the faces of some retorts or tubes arranged in furnaces. Similar retorts to 
those used in the manufacture of coal gas may be used, but double ones are preferable, that is, two 
retorts connected so as to form one of about 10 to 12 ft. in length, and fixed in two furnaces ; they may 
be of iron, and several pairs may be placed in the same oven. 

The proportions recommended are 


Commercial potash 100 parts. 

^ Coal dust, coke, or soot 100 „ 

Iron fifings 30 „ 

or a strong solution of alkali (preferably potash) may he made, and absorbed by sawdust, and a 
mixture formed consisting of 30 parts of iron borings or filings and 100 parts of small coal for every 
100 parts potash used. 

Fig. 165 is a section of one pair of retorts ; a a' are the retorts furnished with movable plates 
bV da the cock connecting the pipe through which the gases are forced, d is the exit pipe for nn- 
condensable gases, e is a safety valve, 
and // are the furnaces. 

Having heated the retorts, a charge 
of the mixture is introduced, nearly 
sufficient to fill one retort, a\ and when 
it has attained a dull red heat the 
nitrogenous gases are passed over it 
with occasional stirring for about three 
or four hours, at the end of which time 
the plate b is removed. The half- 
finished charge is then forced into c, 
where it is heated to a bright red degree, 
a new charge is inserted into a', and 
the same treatment continued. The 
charges in both retorts must be stirred occasionally, which may be done by means of an iron rnko or 
stirrer introduced through the cover-plates. After three or four hours the plates b b' are removed, 
when the charge in a is drawn into a suitable vessel and covered, the charge in a' is transferred to 
a, and a new charge introduced. By this arrangement all the gases from the fresh charge, together 
with the uncombined gases from the pipe c, have to pass over the half-finished charge. The 
charge drawn from a having been allowed to cool, is ground and treated in the usual manner for 
obtaining the cyanides. Of the uncombined gases we shall speak presently. 

Instead of the arrangement shown in Fig. 163, a reverberatory furnace may be used, into 
whidh is introduced such a charge as that already described, or a mixture of 

100 parts sulphate of potash. 

84 „ chalk. 

100 „ small coal. 

30 „ iron filings or borings. 
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It is preferred to arrange the furnaces so as to compel the nitrogenous gases, together with the 
uncombined gases from the ordinary combustion of coal, to pass over the charges placed in commu- 
nication with each other. Fig. 166 is an arrangement which meets this requirement ■, a aa are 

166 . 



reverberatory furnaces, 6 6 is a main flue from ordinary furnaces, c is the pipe through which nitro- 
genous gases are forced from the gas-holder into the fine • d d d are fires in the reverberatory 
furnaces. The furnaces are so provided with dampers that any one of the series may be stopped 
without interfering witif the working of the others. Into each furnace a charge is introduced, and 
when it has attained a red heat the gases are passed over it, with occasional stirring, for six or eight 
hours, when the charge is withdrawn, and treated as before mentioned. 

The gases passing off from the retorts or furnaces, together with a jet of steam (if ammonia be 
required) are forced by means of a pump or fan through a furnace containing spongy platinum, 
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iron, or clay burnt and broken in pieces to render it permeable, or any mixture of these snbstant^, 
which are heated to about 370° (700° P.), and are conducted thence into a suitable condei^r 
for collecting the cyanides of potash and ammoniacal salts which are formed. These may) be 
separated in the usual manner, or may be applied to the manufacture of artificial manures, thus]: — 
The residue of the ground charges from the retorts or furnaces, after having washed out the cyanidjes, 
consists of some cyanide of potash, iron, sulphate of iron, sulphate of lime, carbon and so4ne 
undecomposed sulphate of potash. This mixture is treated with ammoniacal liquors in such 
quantities as to present sufficient free ammonia to, decompose the sulphate of lime, or it may be 
mixed with bone dust, superphosphate of lime, or other salts, to form a suitable fertilizer. Fig. 167 
shows the arrangement of the apparatus employed by Jullion with the object of recovering and 
utilizing the liberated nitrogen compounds resulting from the manufacture of oxaho acid by the * 
action of nitric acid on vegetable substances. 



In the first place, instead of using the ordinary jars or open vessels for the manufacture of 
oxalic acid, he places the mother liquid, together with the organic substance to be acted upon, in 
closed or covered vessels formed of earthenware capable of containing about one hundred gallons 
each, having the necessary pipes and openings, as shown in the accompanying figure, where a is 
a decomposing vessel (of which there may several if required), set in a water bath 6, which 
is heated by steam or in any other convenient manner. The materials to be operated upon are 
supplied to the decomposing vessel through the aperture c, which is stoppered, and when the 
materials are decomposed the residuum or products are withdrawn from the vessel through the 
same aperture by means of a syphon. A small stoppered opening d is made in the ground air- 
tight cover / for the purpose of applying a thermometer to ascertain the temperature of the contents 
of the vessel, and c is a pipe for supplying the vessel with atmospheric air or oxygen. The ^ses 
evolved from the decomposition of the materials in the vessel a pass off through the pipe g to the 
main A. The pipe e for the supply of atmospheric air or oxygen gas is connected with a gas holder, 
so that a proper supply of air^or gas may always be maintained in the vessel a, or it may be drawn 
in by an exhausting apparatus, arranged suitably for the purpose. The main A is connected with 
a vessel or tube i, filled with platinum in the state of sponge, or with asbestos, coated or covered 
with platinum, and the tube is kept at an elevated temperature by means of the furnace A. ’ 
It is preferred to heat the vessel > to from 315° (600° F.) to 482° (900° F.). The apparatus 
being properly connected and arranged, and a portion of nitric acid having been added, in the 
usual way for making oxalic acid to the contents of the decomposing vessel o, heat is applied 
to it. As soon as decomposition of the materials commences and the gases or oxides of nitroo-en 
begin to be liberated, there is blown or forced through the pipe e into the decomposino- ves^l 
and directly upon the surface of its contents, a regular stream of oxygen gas or atmosplTeric air 
either at common temperatures or in a heated state ; by which means the oxides of nilrogen are 
coiwerted into higher states of oxidation, one portion remaining in the liquor, and another portion 
by condensing with aqueous vapour on the cooler parts of the vessel, being retm-ned to the said 
liquor and there performing the same part as a new addition of nitric acid, and thus diminishing 
the quantity of nitric acid required to complete the operation ; while the remainder of the gases 
which have escaped condensation pass ofl’ in conjunction with the excess of oxygen or atmospheric 
air through the exit pipe g into the main A, by which they are conducted iftto the tube i, containin°- 
the platinum or platinized asbestos, where a combination takes place with the formation of nitrous 
and nitric acids. The acids so produced, together with the excess of oxygen or atmospheric air 
must be passed through a pipe I into a condensing apparatus, which should be formed of a series of 
vessels m of a description similar to those used in the ordinary process of manufacturing or 
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distilling nitric acid, in which water or dilute nitrio'acid should be placed. The delivering or exit 
pipe » from the last of these receivers should be made to dip about an inch or an inch and a half 
into water or dilute nitric acid in another vessel m, so as to place the condensing acids under slight 
pressure, and the uncondensed vapours may pass olf through the e3dt pipe o. Care should be 
taken in this process that such a quantity of atmospheric air or oxygen gas be supplied to the 
decomposing vessel, that a portion of oxygen shall still be mingled with the gases that pass off 
through the water after the conversion of the whole of the oxides of nitrogen into nitrous and nitric 
acids. In all cases where the oxides of nitrogen are comparatively dry, as in the early part of the 
process for manufacturing oxalic acid, when the heat employed for the decomposition of the 
materials is insufScient to raise any great amount of water in the state of vapour, it is recommended 
that a jet of steam should be passed, along with the mixed gases, through the tube containing" the 
platiniun or platinized asbestos, the presence of aqueous vapour greatly assisting the formation of 
nitric acid. 

In the foregoing process for the conversion of the oxides of nitrogen into nitrous and nitric acid, 
any of the substances known to chemists as catalytic or contact substances may be employed, of 
which mention has only been made of platinum as a type of the class. Instead of the platinum 
and tube i, a closed vessel containing water may be used, which decomposes hyponitrous and nitrous 
acids, giving rise to nitric acid. This principle has been applied in the following ways : — The 
oxides of nitrogen, as evolved from the liquor in the decomposing vessel, as before mentioned, coming 
in contact with oxygen as already described, are converted into hyponitrous or nitrous acid, which 
upon being mingled with steam are decomposed into nitric acid and binoxide of nitrogen, or the 
introduction of steam may be obviated by using heated air or oxygen in the decomposing vessel, by 
which means moisture will be furnished from the liquor ; the amount of evaporation thus caused 
will also prevent an inconvenient increase in the quantity of mother liquor. The compounds thus 
formed are then passed into a refrigerating vessel or apparatus, wliich may be either an earthenware 
worm surrounded by water, or a series of receivers, such as are ordinarily used for the condensation 
of nitric acid, and if the atmospheric air or oxygen so supplied has been in slight excess the whole 
of the gases, or nearly all, wUl be condensed as a nitric acid. It may be remarked here that 
by forcing in atmospheric air or oxygen gas at any other part of the apparatus, the same effect 
in converting the gaseous oxides of nitrogen into hyponitrous, nitrous, ond nitric acids may be 
obtained. 

The next step was to render the process continuous instead of intermittent, and this is 
accomplished by an apparatus of the following nature. The mother liquor is placed in a covered 
vessel termed a generator, in the top of which is an opening for the insertion of the mother liquor 
and the withdrawal of the product upon completion of the process, and which may be rendered 
air-tight by a well-fitting lid. At another opening in the top of the generator a thermometer is 
fixed, to show the temperature of the contents of the generator during the operation. Two funnel 
pipes, with elongated stems, pass through the top of the generator, and reaching nearly to its bottom, 
serve to convey proportionally and by degrees the materials to be decomposed or acted on from 
feeding vessels which are furnished with stopcocks so as to enable the operator to regulate the 
supply according to the length of time over which it may be wished to extend the operation. 
Steam or hot water circulates through a pipe for the purpose of heating the liquor in the generator. 
There is an opening iu the top, to which an eduction pipe is adapted to convey away the gases 
generated during the operation to a receiver, which pipe dips below the surface of the fluid in 
the receiver, and the receiver is filled up to an overflow pipe at the commencement, while any 
excess escapes into a reservoir, and so maintains the same amount of pressure throughout the 
process. A pipe attached to a chlorine generator admits a current of chlorine gas, which pipe aUo 
dips below the surface of the fluid. Connecting arms convey the gases or vapours to a sei ies of 
condensers, and overflow pipes convey away the condensed fluid from the condensers through a 
pipe with the necessary openings to allow the overflow pipes to descend to the bottom of the 
main ; there is a waste pipe or cock situated 2 in. from the bottom of the main, which dis- 
charges its contents into a collecting pan. A pipe passes from the last condenser into the exterior 
atmosplere, to carry off the waste gases. The whole of the above-described apparatus having been 
properly arranged and a quantity of mother liquor placed in the generator, and nitric acid and 
syrup in the usual proportion to such quantity of mother liquor placed separately in the feeding 
vessels, heat is to be applied, and the temperature of the liquor raised as quickly as possible 
to 82° (180° F.) to 91° (200° F.). Streams of nitric acid and syrup are then caused to flow 
by turning the stopcocks through the funnel pipes into the liquor in such quantity that the deli- 
very of the whole shall occupy about eighteen hours, at the expiration of which time the process 
will be completed. The gas or gases arising from the decomposition of the materials so supplied 
will pass off through the eduction pipe into the receiver, where a stream of chlorine is to be intro- 
duced from the chlorine generator through the pipe, sufficient to convert the whole of the oxides 
of nitrogen into nitric acid. A portion of the water in the receiver will be decomposed, its 
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hydrogen combining with the oxide of nitrogen fo form nitric acid, while its hydrt^en will combine 
with the chlorine to form hydrochloric acid ; these mixed vapours passing onward into the condensing 
vessels will there be condensed. The whole of the nitric acid and syrup having been run in, 
and the liberation of the gases or oxides of nitrogen having ceased, the liquor is drawn off from the 
generator by means of a syphon, and placed in a convenient vessel to crystallize. Although we 
have described in the above process the application of a temperature of from 82° to 91° as being 
that which is preferred, still if it be thought desirable the liquor may be heated even to the point 
of ebullition without detriment to the success of the process. 

As regards the second part of the invention, which relates to the manufacture of salts, it con- 
sists, first, in manufacturing nitrates by means of the oxides of nitrogen and oxygen gas, or atmo- 
spheric air, in conjunction with basic substances, the oxides of nitrogen, however procured, being 
mixed with atmospheric air or oxygen gas, and made to pass through a chamber or other apparatus 
containing a metal or metallic oxide, or any alkali or alkaline earth, the presence of which basic 
substances induces a simultaneous combination of the oxide with oxygen, and the base thus em- 
ployed forms a nitrate ; for example, lime in the state of quicklime, hydrate, or carbonate is placed 
in a chamber on trays, or in an apparatus similar to the “ dry lime purifier ” used in gasworks (or a 
series of them), and a current of the mixed gases passed slowly through them ; and when the gas 
that is given off from the last vessel is found to contain nitrous acid, the contents, which will be 
nitrate of lime, should be withdrawn and the vessel replenished. We would here remark that care 
should be taken to ensure the presence of a suflScient quantity of atmospheric air or oxygen in the 
vessels, so as to cause the entire conversion of the oxides of nitrogen to the highest degree of oxy- 
genation, and their consequent combination with the basic substance as nitrate The following 
mode of ascertaining this has been found sufficient for the purpose, namely, the absence of any of 
the oxides of nitrogen, together with the presence of free oxygen in the gas that issues from the 
last vessel, shows that suflScient oxygen has been furnished ; on the contrary, should red fumes 
make their appearance upon allowing a portion of the gases to escape into the atmosphere, and 
which gases were previously colourless, it is a proof that there has been a deficiency of oxygen, and 
consequently more atmospheric air or oxygen gas must be passed into the apparatus. When a metal 
is employed, in the place of lime as above-mentioned, it is preferable to reduce it previously to small 
particles by granulation, or otherwise, so as to expose a larger surface to the action of the mixed gases. 

Among other plans proposed we may mention Ecarnot’s, in which the gases are mixed with 
steam and with air from a blast, and the whole then passed over the surface of pumice stone. 
M'Dougall & Eawson have patented the method of withdrawing the waste gases by an air pump 
through a series of Woulfe’s jars filled with water, and into which air is admitted, while Dale 
employs the liberated nitrogen vapours for the peroxidation of the protosalts of tin. 

4. .Manufacture with Alkalies . — So long ago as 1829, it was found by Liebig that a certain quan- 
tity of oxalic acid might be formed by heating neutral organic materials, such as woody fibre, starch, 
&c., with soda or potash in excess, and about thirty years elapsed before this discovery was applied 
practically to the manufacture of the acid. 

M. Possoz, who was one of the first to take the matter up, made a series of experiments with 
various substances to test their relative yield of the acid, the result of which, as published by him, 
was substantially as follows. By the action of 300 parts of caustic potash on 100 parts of 

Crystallized 
Oxalic Acid. 

Borage he obtained 112 parts 

Clover „ 110 „ 

Hay „ HO „ 

Horn „ 20 „ 

Lucerne „ 110 „ 

Leather „ 6 „ 

Mugwort „ 115 „ 

Nettles „ 100 „ 

Potato starch „ 125 „ ^ 

Pure woollen rags „ 10 „ 

Pure silk rags „ . . 12 ,, 

Sawdust „ 70 „ 

Tansy „ 130 „ 

Tobacco stems „ 150 „ 

Wheat straw „ .. .. ' *00 „ 

Wheaten bran „ 150 „ 

Wild chicory „ ,. 120 „ 

When using starch, the experiment was conducted as follows. The caustic ley was concentrated 
up to a boiling point of 437° P., and then cooled down to 356° F., upon which the starch was 
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gradually introduced in small quantities, the compound being maintained for about four hours at a 
temperature varying between 392° and 437° F. When the mixture had become white it was heated 
with water. 

When employing other materials, the experimenter found it better to mix them with a caustic ley 
of I’SOO sp. gr., and then to evaporate. The woody fibre is thus dissolved ; and should the com- 
pound retain a brown colour after becoming thick, it will be found that it contains a quantity of 
ulmio acid, but neither oxalic, acetic, nor carbonic acids. But by heating the mass to between 200° 
(392° F.) and 225° (437° F.), and maintaining it at that point for some four or five hours, the colour 
will change to yellow, and ultimately nearly to white, and the three acids named will replace the 
ulmic acid. The process may be finished more rapidly by increasing the temperature, but it will 
have the effect of reducing the production of oxalic acid. 

When the potash is replaced by caustic soda a different series of reaction ensues. First, the 
woody fibre is dissolved and ulmic acid is formed as in the case of potash, but when the heat is 
augmented and maintained the acetic, formic and oxalic acids apparently decompose one another 
as they form, and hence it is impossihle to obtain 10 per cent of the yield rendered hy potash even 
under the most favourable conditions ; and from such substances as leather, wool, and silk absolutely 
no oxalic acid can be derived. There is no difficulty in observing the presence of these three acids 
throughout the whole process, but at whatever point the operation may be checked, or however much 
caustic soda be used, the yield of oxalic acid is very small. It would seem as if the production of 
oxalic acid by the agency of soda is only momentary, probably due to the fact that the latter is 
much less readily melted than potash and acts more energetically. When, however, the two 
alkalies are mixed together in such proportions as to have the same melting point, the product 
of oxalic acid equals and even excels that yielded by potash alone. The action of the potash 
appears to be increased by the addition of a certain amount of sodium hydrate, causing a larger 
quantity of organic matter to be decomposed, and giving a higher produce of oxalic acid with the 
same weight of alkali. 

The results of Possoz’s experiments upon the best proportions of the alkalies may be summed 
up thus : — By the addition of 1 part of hydrate of soda to 3 parts of hydrate of potash, ten per cent, 
more starch is decomposed than when potash alone is employed, and the yield of oxalic acid is 
augmented in direct proportion to the amount of starch used ; 1 part of soda hydrate to 2 parts of 
potash hydrate decomposes | more starch with proportionally increased yield ; the two alkalies 
mixed in equal proportions behave similarly to the potash hydrate alone ; 2 parts of the hydrate of 
soda to 1 of the potash, give 10 per cent, less yield than the potash alone ; while 3 parts of the soda 
hydrate to 1 of the potash produce 20 per cent, less oxalic acid. It is evident therefore that 
hydrate of soda cannot be made to replace potash, but that when mixed with the latter in certain 
proportions it has a decidedly beneficial influence upon the manufacture. 

We believe that Messrs. Roberts, Dale & Co., who are, perhaps, the largest manufacturers of the 
acid in this country, adopt the following plan: — 2 equivalents of potash are mixed with 3 
equivalents of soda and after the alkalies have been partiaUy causticized, the ley is concentrated 
up to about 1'350 sp. gr. Then 30 to 40 prrts of sawdust are added for every 100 parts of real 
alkali in the concentrated ley. The sawdust is spread evenly and carefully over iron plates by 
means of an iron rake, and the ley is gradually and completely incorporated with it. When the 
mixing is completed the temperature is raised by means of heated flues beneath the plates, and 
the heating is maintained for 4 to 6 hours. The first effect of the heat is to evaporate the water 
contained in the mixture, and when all the moisture has been driven off, the heat is continued with 
constant stirring of the mass till it reaches 177° (350° F.) to 205° (400° F.), at which point it must 
be carefully kept while the compound is regularly agitated until the sawdust has disappeared. 

The crude mass is now composed of a mixture of oxalate of soda with carbonated and caustic 
alkali. Owing to the slight solubility of the oxalate of soda, and the very minute state of division 
in which this salt exists when obtained by the usual process of concentration, the ordinary plan 
of separating two soluble salts by dissolving and crystaUizing them is inapplicable to this 
compound. 

When quite cold, therefore, the mixture is placed in a row of tanks such as are used in 
soda manufacture and submitted to the action of cold or warm water, so that the partially saturated 
solution from the first tank flows into the second, or that containing a salt more recently subjected 
to the washing process, and so on as in the manufacture of alkali. Cold water is run over the 
oxalate until the liquor flowing from the vessel has a sp. gr. of 1'030, when the oxalate of soda 
will be left in the tank in an almost pure condition. In this simple manner the potash and other 
foreign substances fte dissolved away from the soda oxalate, and by evaporating the water from the 
washings the potash may be recovered from them for re-use. The oxalate of soda obtained may be 
employed to produce either oxalic acid or binoxalate of soda. 

Possoz prefers to prepare his caustic ley by reducing alkaline sulphate to sulphide by the 
agency of some form of carbon, treating the solution of sulphide with black oxide of copper and 
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concentrating the caustic alkaline, liquor up to strength. The sulphide of copper produced is 
roasted to reform black oxide, ready for further use. When it is intended to employ the same 
caustic alkali repeatedly, and to avoid the formation of acetates, carbonates, formates and nitrates, 
it is recommended to make the caustic potash in lixivium and to concentrate it until its boiling 
point is about 193° (380° F.), and whilst keeping it at a temperature between 160° (320° F.) 
and 205° (400° F.) to add for every 100 parts genuine caustic potash, 100 parts of bran or otlier 
organic matter, mixed with 500 parts of manganate of potash which has been previously produced 
by melting 250 parts of genuine caustic potash with 250 parts peroxide of manganese. After the 
mixture is made it should be heated and stirred until the mass becomes a thick paste, easily 
detaching itself from the implement, care being taken that the temperature does not rise beyond 
260° (500° F.). 

It appears to be an advantageous plan, however, to operate each lime with new alkali instead 
of repeatedly using the same. In this case 250 to 300 parts of genuine caustic potash, concentrated 
to a boiling point, of about 205° (400° F.), or into 400 to 500 parts of genuine caustic soda, con- 
centrated to about 149° (300° F.) boiling point are introduced 100 parts of organic matter — bran, 
ley, straw, guano, dried meat, blood— the whole mass being subjected to a gentle heat. When it 
is intended to collect and recover the ammonia which is liberated, the process is best conducted in 
a distilling apparatus provided with an agitator find the ammoniacal vapours may be condensed 
in pure or acidulated water. When nearly all the ammonia has been disengaged the mass may 
be heated in an oven by a current of warm air, or by other suitable apparatus, great care being 
observed in the regulation of the heat. It has been noticed that less heat is required with pure 
soda than with potash, and that the heat must be well distiibuted among the whole mass. The 
best heat for soda is from 149° (300° F.) to 205° (400° F.), and for potash from 205° (400° F.) to 
260° (500° F.). The heating of the mass is continued and the stirring repeated until it becomes 
a paste or even dry, according to the substances used. 

When this point has been reached by either of the two processes the mass must be dissolved in 
warm water in order to obtain saturated solutions, and then left to cool and crystallize. The 
mother liquors are concentrated to 1-560 sp. gr. for potash, and to 1-320 sp. gr. for soda. The 
potash or soda oxalates, when crystallized and separated from the mother liquors, are converted 
either into oxalic acid, or acid oxalates, by any well-known process. The solutions of the potash 
and soda oxalates are heated with milk of lime, cither in tlie cold or under the influence of heat, 
by which an insoluble oxalate of lime is produced, and the alkali is recovered as caustic ley 
for further use ; while the oxalate of lime is decanted, thoroughly washed, and afterwards decom- 
posed by sulphuric acid to eliminate the oxalic acid. 

The alkaline mother liquors obtained by the second process are composed chiefly of acetates, 
carbonates, ulmates, and caustic alkali. When potash has been employed they are suitable for 
manufacturing prussiate of potash, with animal matters. If soda has been used, a certain quantity 
of soda acetate may be separated by crystallization, and what remains may be converted into 
carbonate of soda by calcination, and the ordinary treatment. 

Thorn, in a foreign scientific journal, has published the results of an extensive series of 
experiments on the production of oxalic acid from bran, liguose, and sawdust, from which we 
gather the following : — 

The mixtures were prepared in a round iron saucer, 2 in. deep, SJ in. in diameter, at the top, and 
4 in. in diameter at the bottom. Into the boiling ley at 55° to 75° Tw. the sawdust is introduced 
and the whole is heated over an open fire, with continual stirring. If the ley be concentrated to 
about 80° Tw., it is absorbed by the sawdust and the laborious agitation of the mass is dispensed 
with. In the course of his experiments the author noticed that the yield differed accordino- to the 
thickness of the layer of materials acted upon. In consequence another series of experiments was 
made, in which the compound was heated in flat shallow sheet iron dishes in layers of about 
0-4 in. to 0-6 in. The sawdust used was from pine wood, and contained moisture about 15 per 
cent. Soda alone was tried in the proportion of 2 to 4 parts of soda-hydrate to 1 part of wood. 
The results obtained from 50 grains of sawdust, heated with 100 parts of soda, at 200° (392° F.), 
36 per cent of oxalic acid in the wood ; at 240° (464° F.), 32-2 per cent only. But when headed in 
thin strata, at 200°, 34 - 68 per cent. ; and at 240°, but 31-6 per cent. When 25 parts of sawdust 
were employed with 100 parts of soda, at 240°, 42-3 per cent., and in thin layers at the same tem- 
perature, 52-14 per cent. If the heat employed be^higher than 200°, great care must be exercised 
over the process, as with a sudden rise in the temperature there is danger that the oxalic acid 
already formed may suffer decomposition. 

According to general experience, a mixture of potash and soda gives bette* results than those 
yielded by potash alone, but as regards the proportions there is much diversity of opinion. Fleck 
says that at Messrs. Koberts, Dale & Co.’s works at Warrington, IJ parts of hydrate of potash are 
used, with one part of soda hydrate. Another authority puts the proportions at 1 equivalent of 
potash to 2 of soda, which would agree approximately with 1 part of potash hydrate, with IJ parts 
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of soda hydrate. In Kuhneheim’s establishment at Berlin, the two alkalies are employed in equal 
proportions. 

With a mixture of 20 parts of potash with 80 parts of soda, a violent decomposition takes 
place, even with a temperature not exceeding 180° (356° F.). Heat was applied for 45 to 60 
minutes. 


Ratio of 
Potash to Soda. 

Temperature, 
Degrees F. 

Percentage of 
Oxalic Acid in 
Wood used. 

Rtvtio of 
Potash to Soda. 

Temperature, 
Degrees F. 

Percentage of 
Oxalic Acid in 
Wood used. 

20 : 80 

374 

19-78 


392 

25-76 


392 

21-5 


464-473 

39-04 


464 

30-04 


392 

30-57 

30 : 70 

374 

21-38 

1 

464-473 

42-67 


464 

38-89 


392-128 

45-59 

40 : CO 

374 

14-00 


464 

61-32 


392 

30-35 


464 

64-24 

>5 

464-473 

43-70 


464-473 

65-51 


These results then tend to prove that potash alone is better than any commixture with soda. 
A considerable difference was perceptible, according to whether it was heated in thick or thin 
layeis. Again, sawdust was added to boiling ley at 80° Xw., in the proportions of 50 parts of 
wood to 100 of potash. All the ley was absorbed, and the mass heated on iron plates in a stratum 
of about 0'4 in. The heat was maintained for 1 to IJ hours, during which the compound was fre- 
quently agitated. The results then were : — 


Ratio of 
Potash to Soda. 

Temperature, 
Degrees F. 

Percentage of 
Oxalic Acid. 

i Ratio of 

1 PotabU to Soda. 

Temperature, 
Degrees F. 

Percentage of 
Oxalic Acid. 

0 : 100 

392-428 

33-14 

1 40 : 60 

464-482 

go -57 

10 : 90 

446 

58-.se 

! 60 : 40 


80-03 

20 : 80 

464-482 

7t*76 

j 80 : 20 

473 

81-24 

30 : 70 

” 

76-77 

100 : 0 

464-182 

81-23 


When heated in thin strata, and if care bo taken to prevent fusion, it is found that a mixtivre 
composed of 40 to 60, or 1 equivalent of potash to 2 of soda, is as good, practically, as potash alone. 

Next, the experiment was made of passing currents of hot air over the mass, but the product was 
not sensibly augmented thereby. Neither was the addition of manganese found to be beneficial. 
Special tests proved the superior yield of soft wood over hard species. Further, an increase of 
the proportion of sawdust in relation to the alkali was also attempted, but there appeared to be serious 
practical difficulties in the way of heating the mass, and of ultimately extracting the acid from it. 

After being heated, the compound is boiled in water till almost completely dissolved, and 
the mixed decoctions are concentrated to about 70° Tw., when the soda oxalate crystallizes 
out. Either filter presses or centrifugals may be used to free the crystals from the mother liquor, 
which may be got quite free from oxalic acid, if the fused mass has been properly boiled. The 
oxalate of soda thus obtained may be transformed into oxalate of lime by dissolving it in boiling 
water and adding milk of lime gradually, so that the latter may be slightly in excess. If the 
liquid be not somewhat diluted the decomposition will be slow. If a filtered sample, made acid 
by the addition of a little acetic acid, gives a precipitate with chloride of lime, a little more milk 
of lime must still be added. As soon as the decomposition is fully accomplished, the caustic ley is 
decanted, and the deposit is repeatedly boiled in water and filtered. A large excess of sulphuric 
acid is needed in the decomposition of the lime oxalate, even 3 equivalents of acid to one equivalent 
of the oxalate. The oxalate of lime is reduced to the consistency of thin paste by the aeldition of 
watqj-, and then the requisite quantity of sulphuric acid at 25° to 35° Tw. is poured in, while the 
liquid is kept constantly in commotion. More water is then added, and the whole subjected to 
gentle heat for one or two hours, without relaxing the stirring. When the decomposition is 
finished the liquid is strained off, and the deposit of sulphate of lime frequently turned over and 
washed. The filtered liquid contains oxalic and sulphuric acids, and sulphate of lime. When 
concentrated to about 25° Tw., the latter crystallizes out when the clear liquid is drawn off, and 
further concentrat^l to about 55° Tw. When cool the oxalic acid separates itself from tho mass 
in long crystals, which are further purified by re-crystallization. After the waste alkaline leys 
have been concentrated to about 75° Tw., they are mixed with sufficient sawdust to absorb tliem, 
and are calcined in thin strata on iron plates, or in a reverberatory furnace, but a portion taken 
out and washed with warm water shows but very little colour. The dark grey calcined mass is 










172 


Acros. 


lixiviated with the weak ley produced when the soda oxalate is 'decomposed with lime. The 
lixivium obtained is oausticized with lime, concentrated to about 80° Tw. by evaporation, and is 
then again ready for use. 

In 1872, Dale patented a process for using woody fibre, from which nearly all the impure 
matters had previously been removed, leaving only the pure cellulose, instead of employing the 
unoleaned fibre as is commonly done, and he claims to obtain very great advantage by this plan. 

The method of obtaining the pure woody fibre, or cellulose, with the view of subsequently using 
them in the manufacture of soda and potash oxalates, that receives most favour with the patentee, 
consists in submitting the sawdust to the influence of an aqueous solution of caustic alkali at a high 
temperature, either in the open air or under pressure. By this means the impurities are removed 
from the sawdust, and a product is obtained, which yields, on treatment with a mixed solution of * 

caustic soda and caustic potash, in the proportions of about two parts of the former to one of the 
latter, a crude soda oxalate containing a much greater percentage of oxalic acid than that prepared 
by the ordinary methods in use. If it be desirable to produce potash oxalate, then caustic potash 
alone must be used instead of the mixture of the two caustic alkalies. 

It is hardly necessary to repeat that when oxalic acid is manufactured by the action of caustic 
alkalies on woody fibre, the renewed alkalies need to be subjected to a high temperature in a 
furnace, in order to render them again fit for use. The patentee finds, that before burning these 
recovered alkalies they are eminently suited for treating the sawdust as described above, and thus 
a special advantage is derived from the use of these recovered alkalies before they are calcined. 

5. From Madder . — A natural consequence of the conversion of madder into garancine, is that the 
oxalate of lime present in the madder is decomposed by the sulphuric acid. The thus liberated 
oxalic acid is commonly lost in the wash liquors ; but Pernod conducts these waters into suitably 
constructed tanks, where they are saturated with lime hydrate, which causes the formation of a 
large precipitate of oxalate of lime. This salt is collected and decomposed by the aid of sulphuric 
acid added carefully, and in quantity just sufficient for the perfect combination of the mineral acid 
with the lime. The sulphate of lime deposit is separated by filtration through flannel, and the 
solution of oxalic acid is evaporated in leaden pans, re-crystallized, and is then fit for the market. 

The quantity of acid thus obtained will vary somewhat, in accordance with the quality and kind 
of madder employed, and it is also worthy of remark, that the Avignon madder used by Pernod, 
naturally contains a large proportion of lime, a base which greatly influences the formation of acids 
— and especially oxalic acid— in plants generally. 

6. Other Sources . — Many other methods of preparing oxalic acid on an industrial scale have been 
proposed and patented, but, owing to the cheapness of sugar, and the excellence of the new method 
introduced by Messrs. Eoberts, Dale, and Company, it is not probable that they will ever become 
of commercial value. Of these, the best is, perhaps, a method patented some years ago by Jullion, 
of converting formic acid into oxalic acid. It has also been ascertained that when a mixture of 
sesquichloride of carbon and pulverized hydrate of potash — 8 equivalents of the former to 1 of the 
latter — is heated for some days in an oil-Wh of 210° (410° F.), the result is a mixture of oxalate 
and chloride of potassium. And also that when 1 equivalent of protochloride of carbon is heated 
for some time to 200° (392° F.) with at least 6 equivalents of pulverized hydrate of potash, oxalate 
of potash is again formed, with evolutions of hydrogen gas. 

Eeoovert of the Acid. — "When cloth that is partially impregnated with oxalic acid (or tartaric 
acid) is passed through the discharge vat, containing chloride of lime, with a greater or smaller 
excess of lime, decomposition ensues and the acids are converted into their calcium salts, and these 
being insoluble settle with the excess of undissolved lime at the bottom of the vat. If the slimy 
deposit so obtained be allowed to remain for some weeks in the working vat and be frequently 
stirred, it will become continually richer in the salts, and poorer in free lime, till it attains even 
such a percentage of the former as 65-5 per cent, of tartrate of lime and 18 per cent, of oxalate. 

From this mixture the acids may be liberated by washing it, and partially diluting it with water, 
and then adding a previously determined quantity of sulphuric acid of 1'568 sp. gr., and after 
stirring and boiling, with as much more water as is equal to the weight of the original deposit, the 
liquid is separated from the sulphate of lime by means of a centrifugal machine. Any exctss of 
sulphuric acid contained in the liquid is removed by boiling with barium tartrate. 

This plan affords still better results when chloride of soda — Eau de Laharraqne — is employed 
in the discharging vat in place of the chloride of lime. As the tartrate and oxalate remain 
insoluble it is only necessary that a quantity of chloride of lime solution be added from time to 
time, sufficient to precipitate all the tartaric and oxalic acids as lime salts, and to restore the 
original working strength of the vat liquor. In this case the precipitate vfill contain neither 
hydrate nor carbonate of calcium and hence a great saving will be effected in the consumption 
of sulphuric acid. Also another advantage is found to follow the use of the soda solution, which 
is that the whites are whiter and the reds are less injured than when the chloride of calcium is 
employed. 
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In 1873 Messrs. Dale, of Manchester, procured a patent for concentrating or evaporating the 
acid m vacuo^ As we have seen, in the process of the manufacture, it is necessary that a 
mixture of sulphuric and oxalic acids shall be concentrated together, in order that it may reach 
a strength at which the latter acid will crystallize out of the solution; and it is of great 
importance that the concentration be conducted at the lowest possible temperature, in order to 
provide against decomposition setting in, and the loss ensuing in consequence. The operation is 
therefore conducted in suitable leaden vessels, preferably by means of steam, which may be con- 
ducted into the vessels by means of a series of pipes in connection with the steam chest of a boiler, 
while above the vessels are placed vacuum pumps, or other suitable apparatus for rapidly removing 
the steam produced in the vessels by the evaporation. The patent refers equally to the concen- 
tration of other solutions, but is found to be especially applicable to oxalic acid. 

A simple method of obtaining dehydrated acid, HO, C2O3, from the ordinary crystallized acid, 
consists in drying the latter acid at a temperature not under 100° and not above 120°. 

Eeichhardt dissolves the ordinary oxalic acid in concentrated sulphuric acid, from which solution 
the monohydrated acid crystallizes out in course of time. The first crystals that form are of the 
ordinary trihydrate, then a bihydrate separates and, after a week, small rhombic octahedral 
crystals of C^Oj, HO deposit. They quickly attract moisture, and must be isolated and dried with 
great care. 

The process given by some authors for the preparation of pure oxalic acid is inaccurate. It 
is recommended to purify by repeated crystallization, replacing the mother liquors by distilled 
water, and the last crystallization will, it is said, be the most pure. In reality, however, the contrary 
is the case, however little alkali the acid may contain, the successive crystallizations become richer 
and richer in it, which may readily be understood when the less solubility of the acid oxalates is con- 
sidered, Maumene dissolved a kilogramme of oxalic acid in three litres of hot distilled water. 
The filtered solution deposited an abundance of very white crystals. 63 grammes of these were 
then dissolved in a litre of water to make a standard solution of the acid. The weather was very 
cold and next day crystals were found to be deposited. On calcination, 3 '71 grm. of these dried 
crystals gave a residue of O' 61 KOCO^, corresponding to nearly of their weight of quadroxalate 
of potash, while I '95 grm. of crystals obtained from the mother liquor of the latter, yielded O' 017 
KOCOj, equivalent to of the total weight, or 1 KO to 88 CjO,. Thus, it is evident that the 
first crystals are richest in alkali ; and successive crystallization from pure water does not affect the 
purification of the acids. 

Next, M. Maumene examined the yellow mother liquor from the first crystal. This, in 
evaporation, yielded a crop of beautiful crystals, of which 5' 81 grms. gave on calcination only O' 010 
of sulphate of lime, mixed with a little iron, and the residue exhibited no reaction on reddened 
litmus. By a crystallization from distilled water, this purification was almost complete, 2- 156 of 
well dried crystals giving only O' 002 of non-alkaline residue. 

The way to obtain pure oxalic acid then, is to dissolve the ordinary acid in sufficient water to 
give 10 or 20 per cent, of crystals accordiug to the impurity of the sample. The first crystals are 
rejected, and the mother liquor is evaporated to furnish a fresh crop, which after two or three 
crystallizations will be found to be quite free from alkaline oxalate. How found similar results, 
when following Mohr’s method, in which the directions are to leave a large quantity of the acid 
undissolved by lukewarm water— the author evidently being aware of the difSculties threatened 
— and relying upon the acid oxalates being left undissolved. How thinks that he may have 
dissolved these up by using water in too great quantity or of too high temperature, but despair- 
ing of the whole process, he dissolved aU the crops of crystals together in nearly boiling water, 
with the addition of enough nitric acid to make the liquid thoroughly acid. The crystals deposited 
in cooling were in thick prisms, and when washed and pressed they left a very small residue. 
After two crystallizations of these, a crop of crystals was obtained, which when dry left only 
•016 per cent, of a reddish coloured, slightly alkaline residuum, and the mother liquor of the crop 
preceding these gave, on evaporation, crystals approaching '0159 per cent, of a s imil ar residue, while 
from the mother liquor of both these crops evaporated together, crystals were obtained of such 
purity that the residue from about 30 grains could not be weighed. As M. Maumene'’a purest 
crystal contained O' 09 per cent, of residuum, it is evidently an excellent plan to render the 
original water strongly acid when purifying oxalic acid. 

Oxalic acid forms a large number of salts, of which the following only possess any commercial 
importance : — 

The acid, or bin-oxalate of potash, originally procured, as already described, from the wood 
sorrel (pxalis acetosel^). The manufacture from this source still holds its ground in some parts of 
Germany and Switzerland. It crystallizes in oblique rhombic prisms, and dissolves in 14 times its 
amount of boiling water. 

The quadroxalate is made in a similar manner to the binoxalate, but three equivalents of oxalic 
acid are added to the neutral compound. It crystallizes in colourless transparent prisms. 
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The neutral ammonia oxalate is prepared by neutralizing oxalic acid with c.arbonate of 
ammonia and crystallizing. It is used in the laboratory for the detection and determination of lime. 

Oxalic acid is consumed chiefly by dyers and printers as a discharger in certain kinds of calico 
printing, as well as in woollen dyeing and printing, and in silk dyeing. Its cleansing- properties are 
very great, and though it can scarcely be called a staple article of manufacture, it is undoubtedly 
of nolmall importance. For whitening leather and cleaning boot-tops it is invaluable, as well as 
in the bleaching of straw used in the making of bonnets, and for removing ink stains and iron 
moulds from linen. ' In cleaning copper utensils, and in many other ways, it may be used with 
great advantage over the more commonly employed mineral acids. 

The largest manufacturers of acetic acid in this country produce about 20 tons weekly. The 
price has been reduced in a few years from IM. to 5d. per lb. 


TAHTABIO acid. (Fr., adde tartarique ; Ger., tt^einsaure). Formula, C^HjOg. 

Tartaric acid is another of the organic acids that occurs frequently in a natural state, especially 
in the vegetable kingdom, not having been detected, we believe, in either the animal or mineral 
kingdoms” In a free state it occurs in the grape, pine-apple, tamarind, &e., with other acids in 
the mulberry, in sumach berries, in the needles of pine-trees, in sorrels and other sour-leaved 
plants, and in the roots of wheat, dandelion, and couch grass, as well as in the potato and so- 
called’ Iceland moss. In combination with lime, it has been met with in madder root, squdls, and 


quassia-wood. 

Commercially, it seems to be derived solely from grapes, at different stages in the manufacture 
of wines. The following table shows the percentage, by weight, of this acid m the various wines 
mentioned : — 


Benioarlo '0545 

Bergerac, White '0418 

Bordeaux, ordinary . . . . ‘ 0890 

Bordeaux, Sauterne .. .. '0207 

Burgundy, Beaune . . . . " 0477 

Burgundy, Pommard .. *0525 

Champagne *0408 

Cotes, White *0390 

Hermitage ‘ 0364 

Lachryma Christi .. •• *0336 


Langlade 

.. *0510 

Madeira 

.. *0102 

Muscat Eivcsalles 

.. *0357 

Narbonne 

.. *0606 

Port AVine 

.. *0283 

Ehine Wine 

.. *0480 

KoussUIon 

.. *0545 

St. George 

.. *0414 

Tavella 

.. *0699 

Teneriffe 

.. *0351 


But if these estimations be made by means of soda, some deduction must be allowed for the 
tannic acid, which, in the red wines more particularly, would tend to increase the percentage. 
Much the larger proportion of the acid occurs, however, combined with various bases, chiefly 
potash, and these tartrates of potash, obtained principally during the fermentation of the wine, are 
the most valuable of the salts present. Being but slightly soluble in a mixture of water and alcohol 
they are deposited in accordance with the generation of the alcohol, both in casks and in bottles, 
in the former case being known as arqol and in the latter as crust. The deposit occurs as a hard 
crystalline crust, varying in quantity with the character of the grape, its degree of ripeness and 
the peculiarity of the treatment it has undergone for the production of wine. A ton of grapes will 
yield about 1 to 2 lb. of this deposit, which varies greatly in composition. Scheurcr-Kestner’s 
analyses of argols from Alsace, Burgundy, Hungary, Spain, Switzerland and Tuscany, show that 
the white contain from 67*30 (Hungary) to 88*50 (Tuscany) of bitartmte of potash, and from 
4*6 (Alsace) to 18*3 (Switzerland) of tartrate of lime; while the red yield from 24*20 (Spain) to 
32*10 (Burgundy) of the former, and from 45 • 20 (Spain) to 46 * 25 (Burgundy) of the latter product. 

The best argols come from Bordeaux, Marseilles, Montpelier, and Italy, but in quantities that 
do not equal the demand, and much of the t.irtar imported co itains the tartrates of potash in 
minute crystalline powder, and often the biracemate replaces the bitartrate of potash, and the 
generally uncertain character and composition of crude tartars render tartaric acid making far less 
simple than it looks. i 

The ordinary process of manufacture adopted in this country is as follows : — A large wooden 
vat of some 3000 to 4000 gallons capacity, called a generator, is provided with a series of revolving 
horizontal stirrers. This is about half filled with water, to which 40 cwt. of crude tartars are 
added ; then whiting or powdered chalk is carefully and gradually introduced to neutralize one 
equivalent of the tartaiic acid of the bitartrate of potash, known by its creating no further efferves- 
cence. It may be useful to state that 100 parts of pure bitartrate of piotash require rather less than 
24 parts of dry chalk. During the operation steam is forced into the vessel so as to maintain a 
temperature of 100°, and the stirrers are kept in constant motion to prevent the tartrate of lime 
from settling as a hard, dense mass. The solution will contain neutral tartrate of potesh, which 
is decomposed by the addition of sulphate of lime. Sulphate of lime is preferred generally to 
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chloride as it costs nothing, and the sulphate of potash which it yields is more valuable than the 
chloride. A slight excess of gypsum is necessary beyond the theoretically required amount, as 
otherwise the reaction proceeds very slowly, and part of the potash tartrate is in danger of 
escaping decomposition. 

The mass has next to be boiled, while constantly agitated, for about 2 hours, at the end of 
which time the second equivalent of the tartaric acid wdl have been deposited as tartrate of lime, 
while the sulphate of potash only is left in solution. Care must be taken that the contents of the 
the generator be allowed to become quite cool before the supernatant solution is decanted, as 
tartrate of lime is not absolutely insoluble, and is more soluble in hot than in cold liquids. 
The solution is evaporated to recover the sulphate of potash. The tartrate of lime is subjected to 
several washings with cold water, and is then decomposed by the addition of sulphuric acid, thus 
yielding free tartaric acid, and a deposit of sulphate of lime. Some of the latter is used to decom- 
pose the neutral tartrate of potash, as already described, and the remainder may be employed as a 
manure. The quantity of sulphuric acid required may be calculated directly from the amount of 
chalk used, and the previously ascertained percentage of lime, present as a tartrate, with crude 
tartars employed. The separation of the gypsum will be promoted if the sulphuric acid be allowed 
to be a trifle in excess, say • 2 per cent. 

The whole compound is next transferred to a filtering apparatus, consisting sometimes of only a 
shallow reservoir with a perforated false bottom, over which is spread thick flannel, while in other 
works a deep vessel is employed, and the filtration is promoted by the application of pressure. 
The sulphate of lime deposit is washed repeatedly, and with great care to free it entirely from 
tartaric acid. 

The solution of tartaric acid, and the washings of the gypsum, are evaporated together in 
shallow leaden pans, heated externally by water baths, or internally by coils of steam pipe. This 
plan, however, is accomplished by a large loss, owing to the decompo.sition set up by the action of 
any temperature exceeding 60° (140° F.j to 05° (150° P.), especially in the presence of sulphuric 
acid. 

Pontifex, a large manufacturer of this acid, has devised a plan of concentrating the solutions 
m vacuo, thus not only reducing the temperature, but offering other great advantages in shutting 
out all air, decreasing the time occupied in concentration to about one-tenth of what it was by the 
old system, and keeping the liquid constantly in agitation. The last is a most important considera- 
tion, as when evaporating with a steam coil, there is so little motion occasioned in the liquid that a 
portion of it will remain in contact with the coil, whose temperature is about 105° (220° F.), for an 
inconveniently long time. By the modem plan, however, the temperature of the first solutions 
never need rise above 49° (120° F.) to 54° (130° F.), and though some difficulty was at first experi- 
enced from the disposition of the sulphate of lime to deposit itself in a flocculent form, which it was 
troublesome to separate, this obstacle has been overcome by careful attention. 

Pontifex first separates or filters the liquors,’ from which tartaric and citric acids, and tartrate 
of potash and soda are obtained, from so much of the sulphate of lime, or baryta, &c., as is not in solu- 
tion, as well as from other impurities, by pressure through textile fabrics. The liquor is then evaporated 
in vacuo nearly to concentration, and, if necessary, the concentrated liquors are allowed to deposit 
any sulphate of lime or baryta, or other matters that may have been previously held in solution by 
the weak acid-liquor, and afterwards the concentration is completed to the point of crystallization. 
When the crystals have formed they are remelted, and, after the liquor has been decolorized in 
the usual way, it is evaporated in vacuo and crystallized, the operation to be repeated if required, 
till the crystals are sufficiently pure. The melting in the various re-crystallizations is also best 
conducted in the vacuum pan. 

The apparatus employed consists of a vessel in which the liquors are to be evaporated, 
and this vessel is placed within a second vessel, which is exhausted, by which means the 
pressure of the atmosphere is removed both from the outside and the inside of the inner 
vessel, and thus the most convenient metal, lead, may be used to contain the liquors. The 
lead may also be dressed down upon the outer vessel with some pigment, or cement, between 
the surface, so as to expel the air, and the joints so arranged that no air can enter between 
them ,-*or glass, earthenware, or enamelled iron, or other material not affected by acids, may be 
used as the evaporating vessel, without the addition of another vessel to sustain the pressure. The 
overflow vessel contains at the bottom a quantity of chalk, milk of lime, or other alkaline or car- 
bonated solution, through which the vapour from the vacuum pan is conducted by means of a pipe 
terminating in a rose. Above the surface of this alkaline or carbonated solution, a priming plate 
perforated for the escape of the steam, is fixed in the overflow vessel, to prevent tlie solution being 
carried away by the 8verflow of steam through it. The overflow vessel is fitted with suitable taps 
and pipes for the supply of fresh, or discharge of spent solution. The object of employin'^ the 
solution here is to collect the acetic, butyric, sulphurous, and other acids, that would otherwise pass 
over and injure the apparatus. The overflow vessel would also collect any tartaric acid that might 
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aceideutally boil over from tbe vacuum pan. The steam may be condensed by the ordinary injection 
condenser ; but tbe patent condenser that bears the name of Edmund Pontifex is preferable, not 
only on account of its economy in air-pump power and quantity of condensing water required, 
but because by means of it the whole of the products of evaporation can be more conveniently 
collected, and the escape or loss of tartaric acid be detected. 





In order to prevent leakage in the valves or taps attached to the vacuum pan, caused by the 
action of the acid in the substance of which they are composed, the body of tl)f tap or valve should 
be of cast iron lined with lead, the valve face and disc gland of indiaruhber, and the spindle must 
be secured from the action of the acid by a covering of lead. 

Fig. 168 shows a sectional elevation of the apparatus employed ; the vacuum pan a is formed of 
a cast-iron case b, and a leaden lining c; d is a manhole ; e is a leaden steam coil ; / is a valve for 
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the admission 'of steam to e ; and 3 is a valve for discharging the contents of the vacuum pan. 
This valve g is composed of a spindle h, carrying the leaden piece i, which is covered with 
india-rubber k; 1 is an india-rubber disc or diaphragm ; m is a nut and washer, and n is a screw 
spindle, which is fitted with a handle by which the valve is worked ; 0 is a pipe leading from the 
valve g ; pp are pipes for exhausting the apace between the cast-iron case b and the lining c ; q qia 
the passage to the overflow receiver which contains the carbonated or alkaline solution at the bottom, 
through which the vapour from the vacuum pan is conducted by the pipe q, which terminates in the 
rose r ; r’ is a supply tap and pipe ; r* and are draw-off taps ; s is the perforated priming plate ; and 
s', are gauge glasses ; t, the upper part of the overflow vessel, may be called a safety vessel, and 
is connected by a passage ti, with a second safety vessel w ; a; is a valve for cutting off communica- 
tion between the pan, &c., and the condenser, and y is a pipe which leads to the condenser and 
air-pump. The valve g is found to be well adapted to all parts of the apparatus where such is 
necessary. 

The first crop of crystals must always be re-dissolved and freed from the colouring matter that 
is always present in some degree. This is accomplished by boiling them with animal charcoal, from 
which the earthy phosphates and carbonates have been removed by treating it with hydrochloric 
acid. 

. Firmin has devoted much attention to the filtration and decolorization of the resultant 
liquids. First, the solution is separated from the earthy sulphate by passing it over an exhausted 
surface, provided with numerous perforations, while water, steam, or both, are forced through the 
sulphate, so as to insure the removal of all the acid. For this purpose a vessel fitted with a per- 
forated cover, over which an endless cloth is made to pass, is placed in connection with an air-pump, 
and upon this cloth the earthy sulphate, mixed with the acid solution, is gradually placed and the 
vessel exhausted by means of the pump. The cloth is caused to move slowly along over the per- 
forated cover, by means of rollers, placed at each end during its passage. A finely divided shower 
of water is made to fall on to the sulphate and is drawn through it by the pump, or a second 
method of causing the sulphate and acid to pass over an exhausted surface is shown in Fig. 169. 



An iron cylinder lined with lead a is connected by a pipe 6, with a receiver that communicates 
with an air-pump and is fitted with a gauge to show how much liquor is in the receiver, and with 
a tap to empty it, which is of lead. Inside a is placed a perforated leaden or copper cylinder d, 
which is fixed at each end by the rings c c. Another perforated copper cylinder e, having a worm 
attached to it revolves in d, the ends being carried through the plates / /', where they are fixed in 
stuffing boxes. This cylinder e is hollow and at the end /, taps are inserted for the regulated 
admission of air to the cylinder e, which air is allowed to pass as far as the division g, which 
divides the lower from the upper part of the cylinder at the end /'. A stationary chamber h is 
fixed, to which are attached taps communicating with a water cistern placed above, also taps for 
the admission of air or steam. The driving spindle i is brought through this chamber with a 
stuffing box and connected to the power with a slow motion ; k is the hopper which may be con- 
nected with a vessel containing the salts to be operated upon, the latter being kept in a state of 
thick er8am ; and, finally, I is the exit valve. 

In using this arrangement the sulphate and acid solutions are passed through the hopper k, 
where they fall on the screw c, which, revolving, carries them to the exit I, but in their passage 
water and steam are admitted at/', and air at /. The air-pump exhausting the cylinder a, and the 
receiver causes the water and steam to pass through the sulphates during their passage through 
the cylinder to g, whilg the air which is admitted at / effectually forces the remaining liquor from 
the earthy sulphates, which are delivered at I free from the acid solution. The two perforated 
cylinders are about | in. apart, and the screw fits so as to clear the outer cylinder, which is covered 
with a filtering cloth. The solution of tartaric acid is then run into a vessel lined with lead, placed 
near the evaporating pan. The capacity of this vessel is known and a given quantity is run into 
the evaporating or vacuum pan at each charge. This evaporating pan is prefer%bly of iron, having 
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an iron dome or cover, well painted and lined with lead. In it is an opening, closed by a movable 
cover to enable the workman to remove the gypsum, which will be largely deposited upon the pipes, 
sides, and bottom of the pan, and which, unless removed, would collect and stop the progress of 
evaporation. The pan is heated by means of coils of steam pipes inside and an iron jacket for steam 
or hot water outside ; in the bottom is a pipe for discharging the contents into a suitable receiver) 
which pipe is closed by a top or valve. From the top of the evaporating pan a pipe is cairied to a 
receiver of iron lined with lead, wliich will retain any of the liquor which may boil over. This 
vessel must be fitted with a gauge to show how much liquor has been passed into it, and witli a tap 
at the bottom to draw it otf. From the top of this vessel a pipe is conducted to the condenser, 
where the steam meets a stream of injected water, and thence to an ah--pump for exhausting the 
vessels. The solution being sufficiently concentrated is ruu into the receiver, where it is kept 
warm, until any gypsum which may be carried from the pan with the liquor is deposited. The 
degree of concentration of the solution may be ascertained by examining a small quantity by 
means of the sampler, a copper bath containing about a pint, fitted near the bottom of the evapo- 
rating pan, having a communication with tlie vacuum space above and a tap for emptying it. The 
liquor is then drawn from the receiver into a suitable vessel, where it is kept in agitation till it 
granulates and cools. It is then placed upon a vessel connected with the air-pumps, having the 
top covered with perforated sheet lead over which is placed a cloth through which the liquor from 
the salt is drawn by the action of the pump into the vessel, which may be large enough to retain it, 
or may be connected with an air-tight receiver, or, in place of this vessel, a cylinder, similar to that 
described for separating the earthy sulphates from tlie acid solutions, may be used, admitting air 
and finely divided water. Or, the concen- 
trated solutions, when granulated and cool, 
are placed in a centrifugal machine, in a ^ 
similar manner to th.d in which the crystals 
of sugar are frequently separated from tlie 
mother liquor. The salts obtained are, if 
necessary, dissolved, filtered through properly 
prepared animal charcoal, and again sub- t. '; ) !-:)'. — 

jeotedto evaporation, as before, and the colour- i 
less concentrated solution is either treated tis . 
before described, or drawn into leads to ir-r-T-r 
crystallize, as is now practised. The mother 
liquor from the first evaporation, consisting 
of sulphuric and tartaric acids, is treated with 
taiirate of lime to remove a portion of the 
sulphuric acid, and after filtration is subjected 
to evaporation as before. 

Firmin, also a large manufacturer, has 
improved upon the preceding method of fil- 
tering, and forces the liquids tlirough a 
layer of finely divided, insoluble matters by 
means of a vacuum under the filter bed, and 
allowing the pressure of the air to exert itself 
on the surface of the liquids, or pressure may 
be obtained by closing the filter at the top and 
forcing the liquid into the vessel by a pump. 

Fig. 170 IS a longitudinal section of the filter. It consists of a wooden vessel a, from the bottom 
of which a pipe b passes to a vessel c, and a vacuum is maintained in this vessel by an air-pump in 
connection with the pipe d, which enters the vessel. The vessel c should he made of such a 
capacity as to contain all the liquid which it is required to filter at one time'; it is fitted with a 
glass tube gauge c\ to indicate the quantity of liquid in it. At a short distance above the bottom 
of the vessel a, a layer of bricks o is laid, supported on other bricks /; the joints between the bricks 
e are left open, no mortar or cement being used in laying them ; on the bricks is placed a layer of 
pebbles g, over this a layer of fine sand, and on the sand a grating of wood /i, the intervals between 
the bars of the grating being also filled with sand which just covers the bars. The liquid to be 
filtered is run into the vessel a, and a vacuum being formed in the vessel c, it speedily passes 
through the layer of sand. The solid matter separated may be removed by shovels from the filter 
which is prepared to be again used by spreading a thin layer of fresh sand on the wooden grating’ 
or the precipitate may, if desired, be stirred up with a small quantity of water by means of an 
agitator with which the vessel a may be fmnished. 

Fig. 171 shows a vertical section of a similar filter, constmeted to work by artificial pressure at the 
top, as already mentioned, in place of by vacuum below ; this filter is, as will bo seen, fittal with an 
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agitator. The 61ters are prepared for use by washing them first with water, then with dilute 
hydrochloric acid, and again with water. We would remark that although we have spoken of 
the use of sand to form the filter bed, other finely divided and insoluble matters may be employed, 
as, for example, the sulphate of baryta, which indeed, when it can be readily obtained in a suitable 
form, is to be preferred to saud, as it is difficult to obttiin the latter free trom ulumiua, which acts 
injuriously on solutions of the acids. Haw cotton fibre may also be conveniently employed when 
filtering concentrated solutions which might be acted on iiijuiiously by sand. 

When a precipitate of tartrate or 
citrate of lime, or other insoluble 
tartrate or citrate, has been ob- 
tained by any process ordinarily 
practised, and which requires to be 
washed to free it from impurities, 
it is mixed with water and run into 
the vessel a of the filter. The pre- 
cipitate is allowed to subside, and 
the supernatant water is mu off, 
when the remaining water is made 
to pass through the filter, either by 
vacuiun or pressure. By means of 
an agitator, it is again mixed with 
water and the operation is repeated, 
and so on till the precipitate is 
sufficiently purified ; it is then again 
mixed up with a small quantity of 
water, and run into another vessel 
to be decomposed with sulphuric 
acid to set the tartaric or citric acid 
free in the usual manner. This 
process of decomposition produces a 
precipitate of sulphate of lime (if 
lime be the base with which the 
citric or tartaric acid was previously 
combined), and tbis is also sepa- 
rated by filtration through a filter 
such as already desoiibed. This 
filtered liquid is, by preference, 
evaporated and granulated by keep- 
ing it agitated while it cools. 

More recently. How has pro- 
ix)sed further improvements in the 
manufacture, by submitting the 
crude argol or tartar to preparations 
capable of purifying tbem to a 
greater extent than is usually done, at the same time using less water in washing, thereby saving 
loss in solution, and, which is most important, rendering the acid liquors produced so pure and 
of such a strength that great cost of evaporation and repeated cry.stallization may be avoided. 

In treating crude argol or tartar in the preparation of tartrate of lime, or other base for the manu- 
facture of tartaric acid, to the mixture of whiting or other base that may be used to neutralize the free 
acid existing in the argol or tartar, as much ferrocyanide of potassium is added as is found neces- 
sary to precipitate all the iion existing therein as prussiau blue, the tartrate of potash being decom- 
posed with a salt of lime, either sulphate, nitrate, or muriate (according to the current value of the 
potash cults), formed in the usual manner, and with the usual apparatus for mingliug and treating 
the' mixture. The ferrocyanide of potassirun may be used to precipitate the iron from the solution 
at any stage of the process, and whether such solution be strong or weak. The tartrate compound 
being formed as before mentioned, the precipitate is first allowed to subside, aud as much 
as possible of the clear liquid is drawn off iuto suitable reservoirs. Then, after well mixing up the 
precipitate that remains, with or without the addition of cold water as may be necessary, the whole 
contents of the “ gendlator ” are run into a vessel, which we now proceed to describe. 

Figs. 172 and 173 show the apparatus in perspective and in sectional elevation, a is a wooden 
cistern lined with lead (culled the “ decomposing tank ”) of any convenient size, the bottom of which 
is slightly rounded so as to facilitate the action of the stirrers 6, as showm in the section. The stirrers 
consist of splints of wood fixed into a square spindle occupying one-third more or le.ss of the whole 
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length, the spindle when in action being turned by a band on a pulley at the end of it, and actuated 
by any suitable motive power, c is a false bottom made of wood covered with flannel or any other 
filtering material ; d is an outlet pipe for the filtered liquor, and e is an outlet pipe for the air 
contained in the chamber. / is a leaden pump to produce a partial vacuum when necessary, and g 
is a cover to prevent splashing from the stirrers. 



The mode of using the apparatus is as follows. The tartrate compound being run into the 
decomposing tank, the liquid becomes entirely separated by virtue of the filtering medium, to be 
treated as circumstances may require. Cold water is then allowed to percolate through the mass 
until it has removed from it all impurities, when it is fit for decomposition by means of sulphuric 
acid, for which purpose fthe outlet being 
closed), as much washing from a previous 
operation is added to the partly dry mass 
as is necessary to make it semi-fluid, and 
also some mother liquor of a previous 
working in order to extract from the latter 
the excess of sulphuric acid wliich it has 
gained from frequent concentration, and 
then as much more sulphuric acid as may 
be required to complete the decomposition 
and liberate the tartaric acid, and show a 
slight reaction with a soiuble salt of lime, 
the stirrers being meanwhile kept in motion. 

A complete admixture of the contents of 
the tank being thus efiected, the outlet pipe 
is then again opened and the liquor run 
into a suitable reservoir, the remaining sul- 
phate of lime or other base being washed 
clean with water in the ordinary way, the 
weaker washings being kept for future 
operations. The results are that the colouring matter and the iron contained in the tartar under 
treatment are eflectually removed, and the tartrate of lime or other base is washed more com- 
pletely, and thereby rendered less liable to fermentation than when washed by the ordinary means, 
while the solution of tartaric acid is produced in a much purer and more concentrated state, thus 
efleoting a great saving in the expense of evaporation and recrystallization. ’ 

Messrs. Dietrich and fechnitzer propose a plan for removing the inconveniences attendin"* the 
separation of the tartaric salts contained in wine residues, due to the mucilaginous properties of the 
accompanying impurities, which is substantially as follows. * 

The residues are heated according to their nature and to the means employed, for a greater or less 
time to a temperature of about 129° (284° F.) to 170° (338° F.). This heating causes the forei-n 
matters partly to become insoluble and partly to be transformed into a condition in which they no 
longer offer any difficulty in separation. The heating may be conducted in a variety of ways •— 
In closed or open yessels by means of an ordinary open fire, or by hot batks, or by steam either 
superheated or under pressure; but it is perhaps preferable to heat the residues in a dry state 
when possible, and when it is not possible to render them dry, closed yessels are best in which 
the heating is effected by direct steam. Hitherto, in the manufacture of tartaric acid from tartar 
(bitartrate of potassa), the acid alone is separated, and the potassium of the tartar remains, and can 
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by several combinations be obtained as an accessory product, but the attempts which have often 
been made to obtain this potassium in a valuable form are without a fair result. 

The following method of manufacture, due to Franz Dietrich, a Swiss chemist, indicates decided 
improvements. If tartar (bitartrate of potash) be treated by a surplus of carbonate of lime and 
water, these substances are decomposed, as shown by the following equation : — 

(a) OjHjKOj — ISS'l bitartrate of potash = C4H4Ca05 — 188 '0 tartrate of lime. 

CaCOj — 100 '0 carbonate of lime KHCOj — 100 ■ 1 carbonate of potash. 

288-1 288-1 

But this transformation is only effected under the condition _that the operation be conducted in 
closed vessels, and the developed carbonic acid prevented from getting out of the vessel. In conse- 
quence thereof a pressure is produced, wliich hastens the reaction; this latter is effected as follows .- 
— Owing to tartar not readily dissolving in cold water, only a small quantity of the tartar dis- 
solves, meets the carbonate of lime in suspension, and decomposes it according to the equation (6), 
namely : — 

(i) 2C4H5KOS — 37G-2bitaitrato of potash = C^H^CaOg — 188-0 neutral tartrate of lime. 

CaCOa — 100-0 carbonate of lime — 226 - 2 „ „ potash. 

COj — 4-1 - 0 carbonic acid. 

HjO — 18-0 water. 

476-2 476-2 

The neutral tartrate is now dissolved ; the carbonic acid prevented from escaping is also dis- 
solved under a pressure proportionate to the size of the vessel and the quantity of tlio substances 
which have undergone the reaction. By these means carbonate of lime is dissolved with fooility, 
and there is obtained a solution of bicarbonate of lime, which is tiauoformed together w-ith the 
neutral tartrate of potassa according to equation (c), namely : — 

(clCjHjKjOj — 2'lG-2 neutral tartrate of potash = C^HjCaOj — ISS'O neutral tartrate of lime. 

CaOOj — 140-0 carbonate of lime 2KHCO3 — 200-2 bicarbonate of potash. 

CO2 — 44-0 carbonic acid. 

HjO — 18-0 water. 

388-2 388-2 

As soon as bicarbonate of potassa has been formed, the decomposition goes on more rapidly, as 
the tartar can now dissolve directly in this salt according to equation (d), namely : — 

• (d)C4H5K03 — 188-1 bitartrate of potash = C4H4K2O3 — 226-2 neuh-al tartrate of potash. 

KHOO3 — 100-1 bicarbonate „ COj — 44-0 carbonic acid. 

HjO — 18 0 water. 

288-2 288-2 

The products of this latter reaction decompose themselves together with carbonate of lime 
according to equation (e). 

All these reactions go on one after the other, and one by the side of the other, until all the 
tartar has been transformed into tartrate of lime and bicarbonate of potash. The pressure, which 
at the commencement is rather low, is elevated with the energy of the action up to a maximum, is 
again lowered, and disappears at the end of the operation. It is a special peculiarity of this process 
that the carbonic acid required for the decomposition is developed by the mixed matters themselves, 
and that the mechanical labour necessary for getting the mixture under pressure is furnished with- 
out expense by this same carbonic acid. 

In practice the best effects are obtained if the raw materials treated are in a finely-divided 
state, therefore the tartar and the chalk should be previously finely ground. Bather more than is 
absolutely necessary of the carbonate of lime should be employed, and it may be replaced by other 
suitable cxrbonates. 

A low degree of pressure is sufficient for carrying out the operation, but a higher pressure should 
be employed in order that the work may go on more nrpidly. High pressure hastens the reaction 
The pressure may be regulated by the volume of the vessels employed. If, for instance, in a vessel 
of about 1000 gallons capacity are treated — 

^ 1881 bitartrate of potash. 

1000 carbonate of lime. 

5720 water. 



182 


ACIDS. 


After tilt operation are obtained — 

2600 crystallized tartrate of lime. 

1001 bicarbonate of potasb) 

_ , b solution 1 ; 5. 

5000 -water ) 

8601 

In consequence, it is preferable to conduct the operation in the smallest possible space in order 
to obtain a pressure as high as posdblc. As mixing vessels, the well-known apparatus used in the 
manufacture of aerated -waters can be employed, .with the modification that the openings for 
filling in the substances and for getting out the mixture must be wider, and the stirring apparatus 
must be of greater strength. The apparatus is provided with a pressure gauge and safety valve, 
and is connected with a conduit pipe for carbonic acid. The substances are rapidly filled in, the 
apparatus closed, the stirrer moved, and the operation may be observed by means of the pressure 
gauge. When all pressure has disappeared, carbonic acid is to be pumped in. As by the mixture 
and the filling in of the matters a small quantity of carbonic acid is lost, and also neutral tartrates 
(generated by the decomposition) may be present in the raw material, and as the reaction can only 
be terminated if there be a sufficient quantity of carbonic acid for converting the whole quantity 
of potash into bicarbonate, this addition of carbonic acid is indispensable. In consequence car- 
bonic acid is pumped in imtil the pressure in the apparatus has become constant, and no carbonic 
acid is confined. It is not necessary to defer pumping in carbonic acid until all pressure has 
dis'ippeared, but the pumping in can be begun if the indicator of the pressure gauge continues to 
fall. The addition of carbonic acid is stopped when the pressure has become constant, at which 
moment the operation is terminated. The freely developed carbonic acid is blown off, or the pres- 
sure of the same is used for transferring the contents of the vessel to other rooms. The apparatus 
is emptied and the mixture separated in any known manner. A precipitate of tartrate of lime and 
a solution of bicarbonate of potash are obtained. The precipitate is washed, and then trans- 
ferred for the manufacture of tartaric acid. The washing water still contains a certain quantity 
of bicarbonate of potassa, and in order that this carbonate may also he obtained, this water is used 
in a further operation in lieu of pure water. The solution of bicarbonate of potash is evaporated in 
the ordinary way. 

Tiio small quantity of carbonic acid wanted for the work is to he borne in mind during the 
evaporation of the leys of carbonate. As for every atom of tartar one atom of carbonic acid is 
developed, the greater part of this gas remains for any desired use. Upon the same principle neutral 
tartrates of alkali may be decomposed, and the mother leys of the manufacture may be used. 

Neutral tartrate, together with carbonate of lime and carbonic acid under pressure, furnishes 
tartrate of lime and bicarbonate. In this case the whole intermediate carbonic acid is of course 
iaken from outside, and tlie operation must take place under a strong pressure of from 5 to 10 
atmospheres, more or less, if the decomposition is to be terminated within a suitable time. Witliout 
such pressure the decomposition of the neutral tartrates cannot be effected. 

Messrs. Jouette and Pontieves liave endeavoured to make tartaric acid from the pressed out or 
distilled grape skins which at present have a value only as manure. They proceed as follows 
The skins are mixed with 2 per cent, of sulphuric acid and boiled for several hours. The tartaric 
acid present is then liberated, while the unfermented part of the sugar, as well as the appreciable 
quantity that may be formed by the action of the sulphuric acid on the cellulose residue after 
undergoing fermentation and subsequent distillation, will yield a not inconsiderable amount of 
alcohol. After decanting the sugary fluid, milk of lime is added, foiming a tartrate of lime, from 
which the tartaric acid can be recovered in the usual way. According to these investigators, the 
residue from making 22 million gallons of wine, when treated as above, will yield nearly 200 tons 
of tartaric acid, worth about 24,000/. 

Gernim Method of Manufacture . — The following details of tbc modern process adopted in South 
Germany, obtained from a very rtdiable source, are not w ithout a considerable degree of interest. 

The conduct of the manufacture may be divided under two heads : 1. The makiim of the 
tartrate of lime ; 2. The production of the tartaric acid from the salt. The raw materi.ds»consist of 
crude tartar, wine Ices, and the residue from the manufacture of Eochelle salts and tartar refinino-. 

1. Mnlungthe Tart nte of Lime (li) from Crude Tartar.- Eaw tartar 10 to 15 cwt., according to quality 
is put into a v.it of some 2200 gallons capacity, four-fifths filled with water. The water is heated 
by steam nearly to the boiling point, during which time it is kept in motion by a revolving spindle. 
MTien this temperature is reached, the steam is cut off, and the free part of the tartaric acid 
neutralized, for which purpose powdered chalk may be used. This settle out as tartrate of lime 
and the easily soluble neutral tartrate of potash remains in solution. Carbonic acid escapes in 
sti-eams, for which reason abundant ventilation must be provided. Theoretically, this reaction 
requires that for 18-8 parts of tartar there shall be 5 parts of chalk; as, however, the crude tartar 
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seldom contains more than 80 per cent, of acid tartrate of potash, this proportion is not found to be 
necessary in practice. Further, it is not imperative to completely neutralize, because the magnesia, 
clay, oxide of iron, &c., which might be very troublesome in subsequent operations, then fall out as 
well. It is even advisable, when the tartar is very rich in such matters, or in colouring bodies, to 
add 25 to 50 lb. of muriatic acid at the beginning of the operation, and yet not altogether to neu- 
tralize, on account of the subsequent formation of Epsom salt and alum. 

For converting the tartrate of potasli into tartrate of lime, gypsum is best suited, as this salt is 
geueraliy much cheaper than chloride of lime. The quantity of gypsum necessary may be calcu- 
lated fiom the amount of chalk used, 5 parts of chalk = 8'6 parts of gypsum. Of course it makes 
no difference whether the gypsum be added previously or during the neutralization by the chalk, 
neither will any harm arise from an excess of it. 

As the tartrate of lime extracted from the Ices is very clean and, on conversion to tartaric acid, 
leaves a very clean gypsum as a bye-product, in many works the gypsum thus produced is preferably 
used for turning the tartrate of potash into tartrate of lime. The reaction of the gypsum on the 
neutral tartrate of potash manifests itself slowly and requires several hours, especially if the liquid 
be very concentrated. In order to see if the reaction be finished, a cooled sample is filtered and 
decomposed with acetic acid. When a precipitate is no longer given the reaction is finished. 

When this point is reached, the contents of the vat are cooled to about 50° (122° F.) and rim into 
another vessel, for the deposition of the tartrate of lime, which is allowed to pass through a sieve to 
retain the foreign bodies accidentally present in the crude tartar, as wood chips, dust and pieces of 
molten sulphur. After three or four houi-s the fluid is cooled down to about 25° (77° F.), and the 
tartrate of lime deposits itself, so that the supernatant liquid can be syphoned off. 

A triple washing is generally sufficient to make the tartrate of lime pure enough for further 
operations. In the first ley which is drawn from the tartrate of lime much sulphate of potash is 
found, which may be recovered if the needful plant be at hand and the market value will repay the 
cost of evaporation. 

(6) From Wine Zees . — In the spring following the principal fermentation of new wine, the wine 
is drawn off from the deposit that has formed, which wOl amount to about five per cent, of tlio 
quantity of the wine. This residue may be pressed and will yield about f of its bulk as so-called 
press wine, which, in Austro-Hungary for instance, is coloured with cheap dark red Dalmatian wine 
and mixed with the requisite quantity of glycerine, and is very largely drunk. About will be 
left behind as a dough-like lees. Formerly this lees was only used as a manure, for which it is 
valuable as possessing potash salts and phosphates. Probably Mr. E. von Seibel, at Licsing, near 
Vienna, was the first to utilize the tartrates (7 to 20 per cent.) in lees for the production of tartaric 
acid, and many manufacturers have followed him. 

In tartaric acid. works the lees is partly pressed and partly used without being pressed, so long 
as the deposit of the wine continues; for working dining the greater part of the year the lees is 
very strongly pressed and dried. 

(i) Working with Wet Lees . — Both the pressed and unpressed lees is first used for making brandy, 
of which it yields 1 to 4 per cent, and the resulting schnapps — so-called “ lager brandy ” — is much 
esteemed by some people. As this lager brandy is considerably dearer than the spirit from other 
sources (potatoes, maize, &o.) it is the custom to add to the lees before distillation, at least as much 
spirit as it is expected to derive from the lees as lager brandy, and the properties of the lager 
brandy are so strong that this may be done with impunity. If, however, the lager brandy by itself 
be rectified, a pure spirit is the result, which is better adapted than any other to liqueur making, 
and is much used for that pm pose. 

After the distillation is complete, the lees is run into a large vat of about 2000 to 3500 gallons 
capacity, and is thinned with water by means of a pump. About 50 cwt. of lees are put into the 
vat, which is then almost filled with water, and to this about 1 cwt. of muriatic acid is added. The 
agitating machinery is then set in motion, and the liquor heated by steam nearly up to the boiling 
point. When this is attained the steam and the agitator are suspended, and the contents of the 
vat are left for some time to settle. By fai- the greater portion of the liquid then becomes clear ; this 
is drawn off by a syphon into a second vat of suitable proportions, and then mixed with powdered 
chalk, ^nd constantly agitated till neutralized to a weak acid reaction. Through the chloride of 
lime formed all the tartaric acid will be deposited. Then the liquid is put into a third vat, wliere 
the tartrate of lime is itself deposited, and afterwards washed. The slimy deposit from the first- 
mentioned vat is pressed by steam or compiessed air through a filter press, such as is used in sugar 
works, and afterwards the tartaric acid contained in it is recovered. The press residue can be used 
for Frankfort black, or for potash making. 

(ii.) With Dry Lem . — The pressed lees is cut into pieces the size of a fist and dried in the air, and 
then serves fur material in autumn and winter when no wet Ices is to be had. Before making it into 
tartrate of lime it is generally ground to powder in a meal mill, about which there is no difficulty. 
From 18 to 25 cwt. of this ground lees are put into a vat holding 2000 to 3500 gallons, the vessel is 
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filled up with water, 50 to 100 lb. of crude muriatic acid are added, and the mixture is stirred up and 
heated by steam till it nearly boils. When this point is reached, the agitator is stopped, the mix- 
ture is allowed to settle, and is then treated as in the former method. 

The tartrate of lime procured from lees is distinctly recoguizable from that obtained from tartars ; 
it is cleaner, whiter, and easier to wash ; the tartaric acid made from the lime tartrate thus produced 
is considerably more crystallizable, while the gypsum resulting from the decomposition with sul- 
phuric acid is also much whiter, and separates out much more easily than that yielded in the 
treatment of tartars. 

The treatment of the residues for making Eoehelle salts, &c., is analogous to that adopted with 
lees. 

It is not necessary that the manufacture of the tartrate of I'me and the tartaric acid be carried 
on at the same place ; on the contrary, the tartrate of lime is often separated first, on account of the 
cost of transport of the bulky lees. In this case, the tartrate is pressed and dried, because it 
ferments easily when preserved in a wet state. 

2. Extracting the Tartaric Acid from the Tartrate of Lime . — To get the acid out of the tartrate of lime, 
the latter is treated with sulphuric acid. Theoretically, to decompose 9 ■ 4 parts of tartrate of lime, 
4 • 9 parts of monohydrated sulphuric acid are necessary, but practically more is needed. This is 
because tartaric acid crystallizes much better in a solution containing strong mineral acids, while 
small quantities of non-decom posed tartrate of lime, or of sulphate of potash resulting from an im- 
perfect washing of the tartrate of lime, greatly impede the crystallization. When the tartrate of 
lime is freshly prepared, sometimes as much concentrated sulphuric acid may be added as is equal 
to the amount of chalk used at the commenceraeiit of the operation. The tartrate of lime is 
gradually mixed with the sulphuric acid in a suitable vessel, and enough water is added to produce a 
semi-liquid paste ; it is heated to 75’ (167° F.) by steam, and agitated by suitible apparatus. The mass 
foams considerably at first, but this soon ceases, when a sample may be taken for treatment with 
a solution of chloride of calcium, at about 38° Tw. (23° B.) The volume precipitated will suffice, 
after a little experience, to show when enough acid has been added. It is important that it should 
always bo a little in excess. The whole mixture is then put through filters of wood lined with lead, 
containing straw and felt. The filtered solution is heated by steam in leaden vessels, and will 
deposit still a little gypsum. When the liquor is concentrated, the temperature must not rise 
above 70° to 75° (158° to 167° F.), as the sulphuric acid would then exercise a carbonizing influence 
on the tartaric acid. 

■When the liquor reaches about 75° Tw. (40° B.) it is put to crystallize in large tanks of wood, 
lined with lead, or in earthenware pots. The crystallization proceeds three times as rapidly in 
the latter as in the former, but the crystals are very small, whicli is of no importance, however, 
if they be still coloured. The mother liquors arc then evaporated a second and a third time. The 
crystals obtained are passed through the turbine, re-dissolved, the solution decolorized and filtered 
through wicker-work, a little sulphuric acid added, the solution evaporated down to about 
63° to 75° Tw. (35° to 40° B.), and crystallized out in leaden vessels. Very fine needle-shaped crystals 
are thus obtained. These are passed through the turbine, dried and sifted. They always contain 
a little lead and sulphuric acid. For pharmaceutic purposes they are re-dissolved without addition 
of sulphuiio acid, evaporated to 63° Tw. (35° B.), and crystallized in earthenware jars. It then 
suffices to dry the crystals iu the air. These crystals are distinguishable in form and size from the 
others, the hemihedral faces are less developed, and they contain less lead and sulphuric acid. As 
to the residue of the sifting, this is reduced to powder, and appears in commerce as “ prepared ” 
tartaric acid. This is generally the most impure. 

3. Refining the Tartar . — The crude tartar is pulverized in large vessels with water and liydro- 
chlorio acid, and dissoved by boiling; bone black is added, and the liquid is filtered underpressure. 
This yields a tartar which, after crystallization, may be considered as pure. Excess of bone black 
must be avoided, for otherwise the crystals will be grey. 

Much commercial unsifted tartar is adulterated with sand, or with dry lees, and many tartars 
contain 10 per cent, of tartrate of lime. 

Advltekatioxs and Impumties.- Although the nature of the ordinary impurities contained in 
this acid is well known, and most books on analysis profess to give methods for their detection 
Alfred H. Allen has found some of the processes very unreliable, and others to require special 
precautions not always observed. The following remarks from his valuable paper communicated at 
a recent meeting of the Society of Public Analysts, will be of great interest. 

The principal accidental impurities of tartaric and citric acids are salts of potassium and 
calciitm, together with iron, lead, and copper, derived from the vessels used for the evaporation or 
crystallization of the acid liquids. The presence of all these impurities is indicated by the pro- 
portion of ash left on igniting the specimen. A number of samples of commercial tartaric and 
citric acids recently examined gave an amount of ash varying from -05 to '25 per cent. 

The ignition is readily eft'ected in a porcelain crucible over a Bunsen burner. Platinum vessels 
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should be avoided, lest lead be present. 5 to 10 grm. should be taken for ignition. When the pro- 
portion of ash is small it is of no interest to examine it further, except for poisonous metals. Very 
sensible quantities of lead and copper are sometimes present. Of course their existence will be 
easily indicated on dissolving the ash in a few drops of nitric acid, diluting largely, and passing 
sulphuretted hydrogen. A very fair approximative estimation of the lead or copper present may 
be obtained by placing the solution of the ash in a tall glass cylinder, and comparing the depth of 
tint produced by sulphuretted hydrogen with the tint obtained by treating an equal bulk of a very 
weak standard solution of lead or copper, in a similar manner. The plan is identical with that 
recommended by Wanklyn for estimating the lead in water, except that sulphmetted hydrogen is 
substituted for ammonium sulphide. Experience has shown this to be necessary, owing to the 
frequent presence of iron which of course gives a dark colour in an alkaline solution. Some 
stress is laid by him (Allen) on this well-known fact, as some recently examined samples of 
aerated waters gave a deep brown coloration with ammonium sulphide, apparently indicating the 
presence of poisonous quantities of lead, but which further inquiry proved to be merely due to a 
considerable quantity of iron. The author prefers to examine the ash for poisonous metals, instead 
of using the original sample of acid. The presence of copper is indicated on treatment of the ash 
with nitric acid in the crucible by the production of a blue colour. Of course the presence of poi- 
sonous metals in tartaric and citric acid is always accidental ; but as they are occasionally present 
in dangerous amounts, it behoves manufacturers to take every precaution to avoid their introduc- 
tion, as the product containing them must be regarded as adulterated. 

Many samples of citric acid contain free snlphuric acid, which may be known by the highly 
deliquescent character of the crystals. In testing citric acid for sulphates with chloride of barium, 
it is desirable to acidify rather strongly with hydrochloric acid. 

The most common adulterant of citric acid, and almost the only substance purposely mixed 
with it, is tartaric acid, which is frequently found in the powdered samples sold in the shops. 
Many plans of detecting tartaric acid in admixture with citric acid have been proposed, but some 
seem to have been tried merely in the separate acids, and not in mixtures containing a compara- 
tively small proportion of the power. The ordinary method described in text books of precipitating 
the tartaric acid from a cold neutral solution by addition of calcium chloride, Allen has found far 
from delicate, 10 per cent, of tartaric acid in a sample escaping certain detection. 

Messrs. Chapman and Smith found that a citrate when boiled with a very alkaline solution of 
potassium permanganate (such as is used for the estimation of albuminoid ammonia) merely gave 
a green solution of alkaline manganate ; but a tartrate when similarly treated caused a precipita- 
tion of brown manganese dioxide. Allen says, however, that he has been unable to verify these 
results, having failed to find any decided difference in the behaviour of the two acids. 

Another proposed method of detecting this adulterant is to add excess of precipitated ferric 
hydrate to the aqueous solution of the sample, and to raise the liquid slowly to the boiling point. 
The undissolved portion is allowed to settle, and the clear liquid is decanted off and evaporated 
to a syrup at steam heat. If tartaric acid be present, even in very small proportion, it is said to 
cause the deposition of a pulverulent precipitate of ferric tartrate, while the liquid obtained from 
pure citric acid remains clear. Allen has not succeeded in detecting moderate percentages of 
tartaric acid by this test. 

The best test for detecting an admixture of tartaric acid is the well-known one of a salt of 
potassium. It is remarkable how very few of the ordinary works on analysis make any mention 
of the precautions necessary for the successful detection of tartrates of potassium by their mutual 
reaction. If aqueous tartaric acid be added to a strong solution of the chloride or nitrate of potas- 
sium, a precipitate of the acid tartrate will often occur, but its formation is greatly impeded by the 
mineral acid set free. This may be proved by filtering off the liquid, and treating it with a 
strong solution of sodium acetate, when a copious additional precipitation takes place, owing 
to the replacement of the free hydrochloric or nitric acid by acetic acid and the insolubility 
of the acid potassium tartrate in the latter. Of coiu^e the same object is attained by 
using excess of acetate of potassium as the precipitant, instead of the nitrate or chloride. The 
precipitation is greatly promoted by stirring, forming well-defined and characteristic streaks in 
the track of the glass rod. Of course the liquid must be quite cold. The delicacy of the reaction 
is greatly increased by the addition of alcohol. 

A recognition of this fact suggested the possibility of rendering the best quantitative and 
delicate by using alcoholic instead of aqueous solutions of the sample and reagent. Tartaric and 
citric acids are both soluble in absolute alcohol, but the potassium salts are insoluble. Acid tartrate 
of potassium is also practically insoluble in proof spirit, while the citrates of potassium are pretty 
readily soluble in wei^ alcohol. In the following experiments a proof spirit (made by diluting 
ordinary methylated spirit with water till it had a density of 920) was employed. 

Some pure potassium hydrogen tartrate was prepared, and its solubility in proof spirit at 15° 
was shown to be 0 ' 05 per cent., or 1 grm. in 2000 cc. of spirit. 
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A saturated cold solution of potassium acetate in proof spirit was prepared ; 100 co. contained 
about 36 grm. of tbe salt, so that 5 cc. sufBced for the precipitation of nearly 3 gnn. of tarteiric 
acid. 

A series of samples of citric acid were prepared, containing 5 to 50 per cent, of tartaric acid. 
Quantities of 2 grm. of each of these adulterated samples were dissolved in 20 cc. of proof spiiit. 
5 cc. of the saturated spirituous solution of potassium acetate was added, and the solution stirred 
and left overnight. It was then filtered, the precipitate was washed with proof spirit saturated 
with acid potassium tartrate, and then once with ordinary proof spirit. The precipitate was then 
washed off the filter with hot water into a light porcelain dish, the water evaporated off at steam 
heat, and the dry tartrate weighed anil calculated into tartaric acid. 

It w'as hoped that by proceeding in this manner, very accurate estimations of tartaric acid could 
be made, as there could be no loss except from the slight solubility of the precipitate in the solution, 
for which a correction could easily bo made on the assumption that the citric acid and potassium 
acetate present had no influence on the solubility of potassium hydrogen tartrate in proof spirit. 
It was surprising, however, that the results obtained, even without the correction for solubility, 
showed sensibly more tartaric acid than had been actually added to the sample. A fresh series of 
experiments W'as made, exactly the same method being employed, except that the 2 grm. of the 
samples were dissolved in 40 cc. of proof spirit instead of 20 cc. as before, thus making the volume 
ot the solution 45 cc. By this proceeding the following results were obtained without the correction 
for solubility, which would make the numbers 1*1 per cent, higher still : — 
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In this course of examinations, the results were checked by igniting the precipitate and titrating 
the ash with standard acid. It was found that the carbon left retained alkali tenaciously, and 
after dissolving the ash in water it was necessary to ignite tbe black residue and then add its ash 
to the main quantity. In the above cases, the amoimts of potassium carbonate found by the 
titration of the ash correspond to the percentages of tartaric acid shown in the last column of the 
table. 

A convenient plan of estimating the tartaric acid volumetrically, is to dissolve the precipitate 
in hot water and titrate the solution volumetrically. This plan gives results closely accordhig 
with those obtained by direct weighing when pure tartaric acid is employed. 

Auotlier series of experiments was conducted in a similar manner, except that tbe precipitate 
was washed with proof spirit, which had not been previously saturated with acid potassium 
tartrate. The following results were obtained, no connection being made for solubility of the 
precipitates in the mother liquor ; — 
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These estimations were very satisfactory when the proportion of tartaric acid did not exceed 
20 or 30 per cent., but there was a uniform tendency towards too high a resiflt. The discrepancies 
observed seem attributable to (1) the presence of tartaric acid in the sample of citrate employed ; 
(2) precipitation of an acid citrate together with the potassium hydrogen tartrate. ' 

Apart from direct experiment having provcil the absence of tartaric acid in the original citric 
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acid oscd, the inyalid nature of the first explanation is shown by the fact that the less citric acid 
used the greater was the excess of tartaric acid found over that added. 

Experiments were then made with the view of ascertaining whether the discrepancy was due 
to the second cause. A quantity (2 grammes) of the citric acid was treated in exactly the usual 
manner, and gave no evidence of the presence of tartaric acid. On the following morning the 
liquid was again stirred, the temperature being only about 8^ (46° F.), wlien well-defined streaks were 
produced in the track of tlie glass rod, and in a few minutes the liquid became semi-solid from the 
formation of a crystalline precipitate. Either the sample was largely contaminated with tartaric 
acid, or the cold had induced the separ.xiion of potassium citrate. The latter, as might be expected, 
proved to be the truth ; warming causing the precipitate to disappear gradually, while, on decanting 
off the alcoholic liquid and adding a moderate quantity of cold water, the precipitate dissolved 
instantly. The fact deserves especial attention, as ignorance of it might readily lead to a 
sample of citric acid being condensed as largely adulterated with tartaric acid, when the latter 
substance was entirely absent. 

The above observation naturally gave the clue to the anomalous results already obtained. In 
the concentrated and highly alcoholic solution used, there was a tendency to the precipitation 
of potassium citrate along with the tartrate. This tendency seemed capable of correction by 
treating the washed precipitate w’ith a cold saturated aqueous solution of potis^ium hydrogen 
tartrate, which woidd readily dissolve any precipitated citrate, without acting on the acid tartrate. 
The following figures show the results of this treatment : — 
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In this case, the results obtained from the sample containing 20 per cent, of tartaric acid were 
almost within the limits of error, while the reduction of the weight of the precipitate in No. 2 by 
an amount equal to nearly 6 per cent, of tartaric acid, conclusively shows that the previous excess 
was duo to citrate carried down by the tartrate precipitate. If, to the results obtained in No. 2 
wo add 1 • 1 per cent , as correction for solubility of the potassium hydrogen tartrate in the 
mother liquor, we obtain 39 '87 per cent, of tartaric acid found, as agninst 40 per cent, added. 

An attempt was next made to obtain a precipitation iu an aqueous solution, using proof spirit 
merely for washing the product. Two quantities dissolved in ten times their weight of water gave 
by this method 35-15 and 16-85 per cent, of tartaric acid respectively, instead of 40 per cent, and 
20 per cent, addeil. 

Next some experiments were made, in which a cold saturated aqueous solution of potassium 
hydrogen tai-trate was used as the solvent of the sample, but the results were unsatisfactory. 

The results of the whole of the above experiments have led to the use of the following process, 
which, while readily detecting 2 or 3 per cent, of tartaric acid, allows of the estimation of larger 
proportions with very fair accuracy : — Dissolve 2 grammes of the sample to be tested in 45 oc. of 
proof spirit, filter from any undissolved calcium or potassium tartrate, add 5 cc. of a cold saturated 
solution of potassium acetate in proof spirit, stir, and allow to stand for 12 hours. Filter off the 
precipitate produced and wash it with proof spirit. Rinse off the precipitate from the filter with a 
saturated solution of potassium hydrogen tartrate in cold water, digest in the cold for a few hours 
with occasional stirring, then filter, wash once with proof spirit, rinse off the precipitate into a 
small porcelain dish with boiling water, evaporate at 100°, and weigh the acid potassium tartrate 
obtained. The weight, multiplied by 0-798 (or roughly, 0-8), gives the quantity of tartaric acid in 
2 grm. of the sample examined. As a check, the dry precipitate may be ignited, and the 
solution of the ash titrated with standard acid; in the same method (substituting standard alkali 
for acid) may be applied to the purified precipitate on the filter, so as to avoid the trouble of the 
subsequent evaporation at steam heat. 

If any doubt whatever exists as to the precipitate produced by potassium acetate being really 
the acid tartrate, its insolubility in cold water will readily settle the question, but positive proof 
is easily obtained by the silver test, which is extremely delicate when carefully applied, but 
remarkably liable tijfailure if the proper conditions be not carefully observed. The following plan 
of operation gives very good results : — A small quantity of the precipitate of acid potassium tartrate 
is washed with a little cold water, and then treated with a slight excess of ammonia. The resultant 
solution is boiled till neutral, allowed to cool, and then precipitated with excess of argentic nitrate. 
To the liquid containing the precipitate, dilute ammonia is added till the precipitate has almost 
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disappeared, when the solution is filtered. On heating the filtrate nearly to boiling, for a few 
minutes, a brilliant mirror of metallic silver is produced on the sides of the tube. Citric acid does 
not reduce silver under similar circumstances, except on continued boiling. 

After the precipitation of the tartaric acid in a solution by addition of potassium acetate, the 
citric acid may readily be detected in the filtrate (after evaporating off the alcohol) by applying 
the ordinary tests. 

Wigner has suggested that the power possessed by solutions of tartaric acid of altering the plane 
of polarization of a transmitted beam of light would enable an accurate estimation of that acid to 
be made in the presence of citric acid, which is inactive. The method would evidently give a 
practised observer very good results in cases in which the adulterant was all fctro-tartaric acid, but 
would fail if the sample contained racemic /<FBo-tartaric or inactive tartaric acid. This objection does 
not apply to the estimation as a potassium salt. 

Oxalic acid is said to be sometimes employed as an adulterant of citric acid. This dangerous 
admixture would, of course, be readily detected by treating the aqueous solution of the sample with 
excess of ammonia, acidifying with acetic acid, filtering from any precipitated acid-ammonium, and 
testing the filtrate with calcium sulphate. 


A method of separating tartaric from citric acid proposed by Barbet is as follows. Some 
fragments of the substance to be examined are spread over a thin layer of weak solution of caustic 
potash on a glass plate. After a few seconds, the crystals of tartaric acid become white and then 
opaque, and finally of almost microscopic size, whUe the crystals of tartaric acid remain trans- 
parent, and partly dissolve in the alkaline solution. This difference is so strongly marked, that it 
is even possible to estimate the amount of each which is present. The same method may even be 
employed with a powder of the acids, when, however, a microscope must be used for the observa- 
tion. 

Another plan has been proposed by Dr. Hager. First, a mixture is made consisting of 4 grm. 
of fused caustic potash, 60 cc. of water, and 30 cc. of alcohol at 90 per cent. This liquid is poured 
into a glass basin placed on a piece of black paper so as to form a layer of some 6 mm. high : 
next, crystals of the acid to be tested are placed in this fiuid so that they do not touch each other 
and are some 3 to 5 centimetres apart. After having been left quietly standing for about 
three hours, the crystals cf citric acid will be found either entirely, or at least nearly, dissolved 
there being left only a whitish speck where they had lain ; but the crystals of tartaric acid, if any’ 
where present, will have been left undissolved, and covered as well as surrounded with a whitish 
crystalline mass. 

With a view to obtaining a trustworthy and easily executed quantitative test for tartaric acid. 
Dr. Martenson, First Assistant in the chemical laboratory of the Pharmaceutical Institute of 
Dorpat, in Russia, has made many experiments. First, he ascertained by a number of tests that 
tartrate of lime is not nearly so soluble in water as is commonly stated in books, but that one part 
of this salt requires 2388-26 paits of water at 18° (64° F.) for complete solution, and afterwards dis- 
covered the almost absolute insolubility of the tartrate of lime in alcohol of 85 per cent, strength. 
In order to estimate the tartaric acid in tartrate of potash, for instance, the salt is dried at 100° 
and dissolved in a small quantity of distffled water; next, pure chloride of calcium solution is 
added, with the precaution to avoid excess of that compound ; then a few drops of pure lime water 
are introduced, and the porcelain crucible in which this operation has been performed is left standin- 
for some hours. A crystalline precipitate is thus obtained, which is collected on a filter previously 
dried at 100° and weighed. The supernatant fluid is first poured upon the filter, then the pre- 
cipitate is collected and washed with strong alcohol ,- the precipitate and filter are thoroughly dried 
at 100°, and the precipitate is weighed as CiH^CaOj -f IH^O. 

It is of great importance that the porcelain basin which is used be perfectly free from cracks in 
the glaze, lor the precipitate would have a very strong tendency to adhere to such portions of the 
crucible. When either hydrochloric or nitric acids are present along with the tartaric the fluid 
must first be nearly neutralized with pure carbonate of lime, and warmed to expel carbonic heid 
while the last traces of acid are removed with lime water. The presence of either chloride of 
ammonium or of calcium in excess iuterferes with the correctness of the results and makes it 
necessary to add alcohol to the liquor to be treated. When proper care is manifested the rhsults 
are said to be peifectly accurate. ’ 

H. J. H. Fenton says, in a recent number of the ‘ Chemical News,’ that he has lately noticed 
the following reaction, which may, so far as he can judge at present, be proposed as a test for 
tartanc acid. To a very dilute solution of ferrous sulphate or chloride, a small quantity of a solution 
of tartaric acid or a tartrate is added, followed by a few drops of chlorine water or hydric peroxide 
and lastly, excess of caustic potash or soda, when a fine violet colour is obtafned. Fenton tried 
the same experiment with citric, succinic, malic, oxalic, and acetic acids, and with sumr but with- 
out getting a similar result. If a ferric salt be used instead of a ferrous salt, the “colour is not 
produced. The violet compound formed seems to be potassic or sodic ferrate. It is destroyed 
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at once by sulphttrous acid, and is slowly discharged by boding. Success has not attended 
attempts to obtain the higher oxides of manganese and chromium in the same way. 

Jouette and Pontieves have also paid much attention to this subject, and to them the fol- 
lowing observations are due. 

Of all acids, tartaric and maUo acids alone possess the known property of rendering iron, alumina, 
manganese, &c., soluble in alkaline liquids. Peroxide of iron in acid solution, containing neither 
tartaric nor malic acids, is precipitated as soon as the liqnid is neutralized by ammonia. If, on tlie 
contrary, iron and tartaric acid be mixed in determinate proportions, or if the tartaric acid be in 
excess, there will be produced, after saturation with ammonia, a tartaro-ferric ammoniaeal composi- 
tion of a fine red colour, soluble in acid or alkaline liquids, provided they do not contain any of the 
alkaline-earthy metals. The study of this phenomenon has led to a method of estimating either 
tartaric or malic acids with a standard solution of iron and aluminium, or of these metals by a 
standard solution of crystallized acid. A given weight of pure iron is dissolved in nitric acid, 
which is then diluted with distilled water to form a standard liquor containing 0 • 001 or 0 • 002 of 
iron. If to a solution of 100 milligrammes of iron 45 -5 milligrammes, or any larger quantity of 
tartaric acid be added, and also 1 or 2 cc. of common ammonia to render the liquid decidedly alka- 
line, the product wUl be, after vigorous stirring, a red liquid, at first thick, but which, when left to 
itself, becomes and remains limpid. If, on the contrary, to 100 milligrammes of iron be added 45 
milligrammes or more of tartaric acid, and then an excess of ammonia, &c., the liquid, thick at fiist, 
deposits the characteriotio precipitate of peroxide of iron. The soluble compound produced by a 
proportion of tartaric acid equal to or exceeding 45 ‘5 to 100 is permanent in the presence of acids, 
alkalies, and alkaline carbonates, provided they be exempt from lime, and also in the presence of 
ammoniaeal salts, alcohol, ether, &c. If the compound be heated to ebullition the iron is almost 
entirely precipitated ; this may aUo be done by adding to the liquid, some hours afterwards, ordinary 
water containing calcareous salts. In practice 0'455 grammes of the substance to be assayed are 
dissolved in acidulated water, which is then dUnted with common water to form a determinate 
volume, such as, for instance, 100 cc. ; 10 cc. are deducted, and according as the matter contains 

1 , 2, 3 « hundredths of tartaric acid, 1, 2, 3 .... « milligrammes of iron may be added, which 

will remain undissolved. Thus, in a simple manner, by two trials, two different results are ob- 
tained, viz. : — 

■With n milligrammes of iron limpid solution, 

„ n -f 1 „ „ precipitate, 

n is the number of hundredths of tartaric acid contained in the substance. 

The estimation of tartaric acid in crystallized bitartrates and neutral tartrates gives to nearly 
O' 01 the proportion of tartaric acid indicated by the formula. 

Tartaric acid crystallizes with two molecules of water in large, colourless, transparent, oblique 
prisms of highly sour yet agreeable taste, which melt at 170° (388° F. ). They dissolve easily in 
water, which solution turns mouldy by keeping, then yielding a minute proportion of acetic acid. 
A remarkable feature of the acid consists in its turning the plane of polaiization of a ray of light 
towards the right, the degree of the angle being exactly in proportion to the acid through which 
the ray passes. 

Sulphuric acid gently heated with tartaric acid converts it into tartralic acid, CsH,jO„, and 
tartrelic acid CjIIjOs, but at a strong heat carbonic oxide and sulphurous acid only are produced. 
By the action of nitric acid, acetic, oxalic, and saccharine acids are formed. 

Simple heat is capable of exerting remarkable influence on this acid. At a temperature frmu 
170° to 180° (338° to .356° F.) it becomes first metatartaric acid, an isometric acid with itself, but 
differing from it in forming a gummy transparent mass, which ultimately yields opaque crystals. 
If the heat be continued for a short time a certain amount of water is disengaged, and the resulting 
acid is known as tartralic, isotartaric or bitartaric. It is very soluble and quite uncrystallizable, as 
well as the salts which it forms, which latter are all soluble in water. 

By maintaining the temperature for a still longer time a further proportion of water escapes, 
and the monobasic, tartrelic, soluble anhydrous or dehydrated tartaric acid is obtained. No more 
water will be liberated by continuing the heat beyond this point, but the anhydrous acid is rendered 
insoluble and neutral. This, when heated suddenly and very strongly, resolves itself into carbonic 
oxide, carbonic acid and acetic acid. 

Salts of Tabtabic Acid. — The commercially important salts formed by tartaric acid are three 
in number, known respectively as Cream of tartar, Rochelle or Seignette’s salts, and Tartar emetic. 

("i.) Cream of tartar. — This derives its name from the Venetian method of preparation. The im- 
purities are first removed by repeated solutions and crystallizations of the granulated tartar. During 
the last solution, a certain proportion of wood ashes and white of eggs is added to the boiling 
liquor. This occasions effervescence, which brings the remaining impurities to the surface so that 
they can be removed by skimming the liquid. When allowed to cool, suddenly the surface will be 
covered with a thin coating of very fine crystals. ^ 
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The French plan varies somewhat from the foregoing. The granulated tartar is reduced to 
powder, saturated with water and placed in vats holding water at a temperature of 100°. After 
2 or 3 days it will be found that the insoluble matters have subsided, and the clear liquid is then 
run into earthenware vessels and allowed to crystallize. Of these crystals 100 parts are dissolved 
in water containing 4 to 6 parts of clay and the same quantity of animal charcoal in suspension. This 
liquid is evaporated till the surface is covered-with a film, and is then drained otf into coolers. 
After standing for a week or more, a crop of colourless crystals will be found collected round the 
sides of the vessels, while the colouring matters, clay and charcoal, will be accumulated at the 
bottom. The crystals are dried and bleached in the sun. 

(f.) Rochelle salts. — M. Guido Schnitzer takes equivalent weights of nitrate of soda and crude 
potashes and heats them, with just sufficient water to produce a solution, in an iron vessel, mean- 
while thoroughly agitating the compound. After completion of the mutual decomposition that 
ensues, enough milk of lime is added to the boding liquid to convert the carbonate into caustic 
soda. The solution containing the nitrates of potash and soda is then evaporated, to allow the 
nitrate of potash to crystallize out, which it is said to do perfectly. The crystals are then drained 
from the soda solution and washed with water slightly acidulated with hydrochloric acid, to remove 
the last traces of soda. The soda solution is then boiled in a copper vessel, with a sufficiency of 
rough tartar to make a neutral solution. Some tartrate of lime will be deposited, and may be 
washed aud used subsequently in the process of making tartaric acid. When filtered from this 
deposit, the solution is evaporated for the crystals. 

(iii.) Tartar emetic . — This salt consists of white, transparent, inodorous, rhombic octahedral 
crystals, having a slightly sweet aud metallic taste, which dissolves in 14 to 15 parts of water at 
15°, and in two parts at 100°. It is represented by the formula 

KOSbOj. CgHjOjo or 


Potash 

47-2 

13-83 

Teroxide of antimony 

153-0 

44-84 

Tartaric acid 

132-0 

38-69 

Water 

9-0 

2-64 


341-2 

100-00 


It is obtained by boiling 3 parts of antimony teroxide with 4 parts of cream of tartar and filtering 
the hot solution and allowing it to crystallize. 

Of the other salts formed by tartaric acid, the tartrate and ammonip-tartrate of iron are used in 
medicine, the chromium tartrate in calico-printing, the tartrate of potash and tin in wool-dyeing, 
and the tartrate of potash and copper as a water-colour (Brunswick green). 

Tartaric acid is used chiefly as a discharge in calico-printing, and also largely for mordanting 
woollen goods in conjunction with tin salts and alum. It is also frequently made to take the place 
of citric acid, which it closely resembles in many respects, in the manufacture of acidulated 
drinks. A. L. 

ACOE.TTS CAXAMTIS. The common sweet-flag. This plant belongs to the genus Acorus, 
of the natural orders Aroidece or Aracew (Arum), or, according to some botanists, of the natural 
order Oroniiacem, which is regarded as a cormecting-link between Aroideee and Juncew. The plants 
of this genus have a leaf-like scape, which bears upon its side a douse, cylindrical, greenish spike 
of flowers, with sex-partite herbaceous perianth, aud six stamina in each flower. 

The Acorus Calamus is probably the Calamus Aromaticus of the ancients, to which plant they 
ascribed very important medicinal virtues. It was originally brought from Asia in the fifteenth 
century, and was formerly much prized as a garden plant. It has since, however, become natu- 
ralized in Britain, in Germany, and in other parts of Europe. In Norfolk it grows abundantly ; 
the marshes, rivers, and ditches of this county furnish the chief supply for the London market. 

The root, which is exceedingly aromatic, and has a sharp, sweetish taste, is the only part of the 
plant required for use. It is cut into strips 4 or 5 in. long, in which form it may be obtained from 
the druggists. It is occasionally used in medicine as a tonic, especially in cases of weak digestion, 
when its effect is strong, but transient. It is regarded by the Turks as a remedy against con- 
tagion. Continental confectioners make an agreeable sweetmeat by cutting the root into slices and 
preparing it with sugar. 

Under the name of “ Calamus root ” it is employed by English perfumAs as an ingredient in 
various hair-powders (see Perfumery). Its most important application in Britain is in the pre- 
paration of gin (see Gin), to which it imparts a jjeculiar flavour. 

The essential oil (oleum acori calam-) is used for scenting snuff, and to give an agree.ible odour 
to aromatic vinegar^ 
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ALBUMEN or ALBUMIN. (Lat., albumen, the white of an egg.) 

Albumen, an organic nutritive principle, is a constituent of all animal fluids and solids. The 
white of eggs contains 12 per cent, of albumen, and the fluid portion of blood, or serum, 7 per cent. 
It occurs also in the flesh, in the brain, and more or less in all serous fluids. Fibrin also may be 
regarded as coagulated albumen. It occurs in the vegetable kingdom, in the sap or juice of 
many plants, such as the potato, turnip, carrot, &c., in the seeds of the cereal grasses, and in 
many nuts. 

Albumen exists in two different modifications — soluble and insoluble albumen. It is in the 
former modification that it occurs in the animal body, but the insoluble modification may readily 
be prepared from the soluble one by the action of heat. This property of becoming insoluble or 
coagulating, as it is termed, by the action of heat, is especially characteristic of this substance. 

Albumen contains carbon, hydrogen, oxygen, and nitrogen, together with traces of sulphur and 
phosphorus. Its chemical composition is as follows : — 


Carbon 

.. 53-3 per cent. 

Hydrogen 

.. .. 71 ,. 

Oxygen 

.. .. 221 „ 

Nitrogen 

.. .. 15-7 „ 

Sulphur 

.. .. 1-8 „ 

Phosphorus . . 

. . trace. 


100 0 


Animal albumen is always associated with certain inorganic salts and free soda. It exists in 
the animal body in solution, in the form of an alkaline albuminate. If the white of eggs, or the 
serum of Wood, or any animal liquid containing albumen be incinerated, the residue is chiefly 
carbonate of soda. This alkali may readily be removed, and the albumen rendered insoluble, or 
coagulated, by the action of heat. Exposed to a gentle heat, soluble albumen gives oflf a pecu- 
liar, characteristic odour. On raising the heat to 54° (130° F.), white fiWes of insoluble albumen 
begin to appear; at 70° (160° F.) it becomes a solid, jelly-like mass, and at 100° (212° F.) it 
dries up, turning yellow and brittle, like horn. When in this condition, five times its weight of 
water will re dissolve it bringing it once more to its original consistency. The only change 
which the albumen undergoes during the process of coagulation is the removal by the hot water 
of the alkali and soluble salts. Its chemical composition remains the same throughout. 

Albumen may be prepared in a pure state from white of eggs, by the following method : The 

white of eggs is beaten up well with water and filtered. To the filtrate is added a small quantity 
of sub-acetate of lead, in order to remove the mineral substances. The whole of the albumen is 
now precipitated as albuminate of lead. This is stirred up with water, and carbonic acid gas is 
passed through, by which the albuminate of lead is decomposed ; carbonate of lead is precipitated, 
and the albumen remains in solution. The carbonate of lead is now filtered off through paper 
which has been washed with dilute acid. Traces of lead still remain, and to remove these the 
filtrate is treated with a few drops of aqueous sulphuretted hydrogen, and gently heated. The first 
flocks of albumen which appear, retain the whole of the lead as sulphide. This is filtered ofl^ and 
the filtrate evaporated gently in a basin, the residue consisting of pure soluble albumen. 

Albumen may be obtained from the serum of blood by precipitating with lead acetate, washing 
and decomposing the precipitate while suspended in water, with carbonic anhydride. A cloudy 
solution of albumen is obtained on filtration ; this is evaporated at a temperature of about 50°, 
and a yellow transparent substance is left, consisting of nearly pure albumen. It is partly soluble 
in water, but entirely so on addition of a little acetic acid. Alcohol precipitates it from its aqueous 
solution. 

Albumen is insoluble in alcohol and ether. Strong alcohol, in large excess, precipitates it from 
its aqueous solutions ; so also does ether,' but in smaller quantities. Nearly all acids, except acetic 
acid, in which it is soluble, coagulate albumen. The alkaline earths form with it insoluble com- 
pounds which harden on drying. A useful cement, which when dry sets as hard as stone, may be 
made by mixing slaked lime with white of eggs. 

Albumen forms precipitates with salts of lead, mercury, silver, tin, and bismuth. It is there- 
fore an effective antidote in cases of poisoning by sugar of lead, corrosive sublimate, or nitrate of 
silver, as it forms with these insoluble compounds, and thereby prevents the poison from enterino- 
the system. c 

Albiuneu is used chiefly for clarifying vinous and syrupy liquids. It is mixed with the liquid 
to be clarified, and heat is applied. The albumen coagulates, and in doing so retains all the minute 
insoluble impurities which rendered the liquid turbid, and which may now be skimmed off with it 
from the surface, leaving the liquid clear and bright. This process is largely used by sugar refiners 
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(see Sugar). It is also used by calico printers as a mordant for fixing colours (see Dyeing, and 

Calico Printing), and in photography (see Photography). 

The following method has been recommended by M. Berg for the preservation of egg-albumen 
for photographic purposes. The whites, separated from the yokes, are evaporated to dryness in zinc 
or porcelain basins, at a temperatnre of 45°, the operation being conducted in vacuo io fimcken 
the evaporation. The soUd albumen thus obtained is afterwards reduced to powder, which, “ ™pt 
perfectly dry, may be preserved for a long time without alteration, and may be employed for all the 
purposes of the ordinary article, such as tlie clearing of wines, &c. It is probable that it would 
serve equally well for the manufacture of albumenized paper. 

Albumen, Vegetable. — Vegetable albumen is identical iu composition with animal albumen. It 
may be prepared from potatoes, by cutting them into slices and covering them with water containing 
about 2 per cent, of sulphuric acid. This is allowed to stand for twenty-four hours, when more 
potatoes are added, and the operation is repeated. The liquid is afterwards neutralized with 
potash and boiled, when vegetable albumen separates out in thick white flocks. Albumen pre- 
pared iu this way is identical in composition and properties with the albumen of serum or white 
of eggs. 


AXiCOHOli. (Fa., afcoo? ; Geb., alAoAoi.) Formula, C.HsO. 

Pure alcohol is a liquid substance, composed of carbon, hydrogen, and oxygen, in the following 


proportions:- ^ 

H 13-04 

O 34-79 


100-00 


It is the most important member of an important series of organic compounds, aU of which 
resemble each other closely, and possess many analogous properties. They are now classed by the 
chemist under the generic title of “ Alcohols.” The substance of which this article treats, or 
smoMS alcohol, is the principle of all spirituous, fermented Ihiuors, The intoxicating properties of 
these liquors, due to the presence of this principle, have been known since the flood, but it was not 
until about the beginning of the fourteenth century that it was isolated in a pure state. 

Alcohol does not occur in nature ; it is the product of the decomposition of sugar, or, more 
properly, of glucose, which, under the influence of certain organic, nitrogenous substances, called 
ferments, is split up into alcohol and carbonic anhydride. The latter is evolved in the form of gas, 
alcohol remaining behind mixed with water, from which it is separated by distillation. The 
necessary purification is effected in a variety of ways. 

Pure, absolute alcohol is a colourless, mobile, very volatile liquid, having a hot, burning 
taste, and a pungent and somewhat agreeable odour. It is very inflammable, burning in the air 
with a bluish-yellow flame, evolving much heat, leaving no residue, and forming vapours of carbonic 
anhydride and water. Its specific gravity at 0° is -8095, and at 15-5° (60° F.), -794; that of its 
vapour is 1-613. It boils at 78-4° (173° F.), The boiling points of its aqueous mixtures are raised 
in proportion to the quantity of water present. Mixtures of alcohol and water when boiled give off 
at first a vapour rich in alcohol, and containing but little aqueous vapour ; if the ebullition be con- 
tinued, a point is ultimately reached when all the alcohol has been driven off and nothing but pure 
• water remains. Thus, by repeated distillation, alcohol may be obtained from its mixtures with 
water in an almost anhydrous state. 

The following table by Otto gives the boiling points of alcoholic liquids of different strengths, 
and the proportions of alcohol in the vapours given off ; — 


Proportion of 
Alcohol in the 
Boiling Liquid 
in 100 vols. 

Temperature 
of the 

Boiling Liquid. 

Proportion of 
Alcohol in the 
Condensed Vapour 
in 100 vols. 

Proportion of 
Alcohol in the 
Boiling Liquid 
in 100 vols. 

Temperature 
of the 

Boiling Liquid. 

Proportion of , 
Alcohol in the 
Condensed Vapour 
in 100 vols. ! 

90 

78-8 

93 1 

15 



80 

79-4 


12 

91-3 

61 

70 


89 


92-5 

55 

60 

81-3 

87 

7 

93-8 


50 

82-5 

85 

5 


42 

40 

83-8 

82 i 

3 

96-3 

36 

30 


78 ! 

2 

97-5 

28 

20 

87-5 

71 

I 

98-8 

13 

18 

88-8 

68 

0 


0 


0 
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Absolute alcohol lias a strong afiSnity for water. It absorbs moisture from the air rapidly, and 
thereby becomes gradually weaker ; it should therefore be kept in tightly-stoppered bottles. When 
brought into contact with animal tissues, it deprives them of the water necessary for their constitu- 
tion, and acts in this way as an energetic poison. Considerable heat is disengaged when alcohol 
and water are brought together ; if, however, ice be substituted for water, heat is absorbed, owing 
to the immediate and rapid conversion of the ice into the liquid state. When 1 part of snow is 
mixed with 2 parts of alcohol, a temperature as low as — 2 1° is reached. 

When alcohol and water are mixed together, the resulting liquid occupies, after agitation, a 
less volume than the sum of the two original liquids. This contraction is greatest when the mix- 
ture is made in the proportion of 52‘3 volumes of alcohol and 47'7 volumes of water, the result 
being, instead of 100 volumes, 96 '35. A careful examination of the liquid when it is being 
agitated reveals a vast number of minute air-bubbles, which are discharged from every point of the 
mixture. This is due to the fact that gases which are held in solution by the alcohol and water 
separately are less soluble when the two are brought together; and the contraction described above 
is the natural result of the disengagement of such dissolved gases. The following table represents 
the contraction undergone by different mixtures of absolute alcohol and water. 


100 Volumes of Mixture at 15°. 

Alcobol. 

Contraction, ( 

A Icohol. 

Contraction. 

1 Alcohol. 

Contraction, 

100 ■ 

0-00 1 

65 

3-61 

' 30 

2-72 

95 

1-18 

60 

3-73 

25 

2-24 

90 

194 

55 

3-77 • 

20 

1-72 

85 

2-47 

50 

3-74 

15 

1-20 

80 

2-87 

45 

3-64 

10 

0-72 

75 

319 

40 

3-44 

5 

0-31 

70 

3-44 

35 

314 

! 



Alcohol is termed “absolute” when it has been deprived of every trace of water, and when its 
composition is exactly expressed by its chemical formula. To obtain it in this state, it must be 
subjected to a series of delicate operations in the laboratory, which it would be impossible to 
perform on an industrial scale. In commerce, it is known only in a state of greater or loss 
dilution. 

Alcohol possesses the power of dissolving a large number of substances insoluble in water and 
acids, such ns many inorganic salts, phosphorus, sulphur, iodine, rosins, essential oils, fats, colouring 
matters , &c. It precipitates albumen, gelatine, starch, gum, and other substances from their 
solutions. These properties render it an invaluable agent in the hands of the chemist. 

Alcohol is found in, and may be obtained from, all substances — vegetable or other — which 
contain sugar. As stated above, it does not exist in these in the natural state, but is the product of 
the decomposition by fermentation of the saccharine principle contained therein ; this decomposition 
yields the spirit in a very dilute state, but it is readily separated from the water with which it is 
mixed by processes of distillation, which will subsequently be described. The amount of alcohol 
which may be obtained from the different unfermented substances which yield it varies consider- 
ably, depending entirely upon the quantity of sugar which they contain. 

The following are some of the most important sources of alcohol which have been employed in 
Europe : — Grapes, rice, beet-root, potatoes, carrots, turnips, molasses, and grain. On the continent, 
many fruits are used for the production of alcohol besides the grape, such as apricots, cherries, 
peaches, currants, gooseberries, raspberries, strawberries, &c. ; figs, too, are used extensively in the 
East, In America, nearly the whole of the spirit of commerce isxjbtained from potatoes, Indian corn, 
and other grains. In India, Japan, and China, rice and sorghum are the chief sources. Among a 
variety of other substances which have been and are still used for the production of alcohol 
in smaller quantities, are roots of many kinds, such as those of asphodel, madder, &c. Seeds and 
nuts have been made to yield it ; and even woody fibre, old linen, cotton, and hemp have been 
successfully converted into cellulose, sugar, and thence into alcohol. It will thus be seen that the 
sources of this substance are practically innumerable ; anything, in fact, which contains or can’be 
converted into sugar is what is termed “ alcoholisable.” 

Alcohol has become a substance of such prime necessity in the arts and manufactures, and, in 
one form or other, enters ,so largely into the composition of the common beverages consumed by 
all classes of peop!e,0that its manufacture must, of necessity, rank among the most important 
industries of this and other lauds. The traffic in spirituous liquors in this country has during the 
last few years developed, and is still developing, rapidly; and with the demands of an increasing 
population it is reasonable to expect that a still further impetus will be given to the production 
of wines and spirits in England. The manufacture of ale and porter is confined to our own 
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country, and forms the staple industry in some extensive districts, where it gives employment to 
many thousands of men, and handsome profits to the manufacturer. The production of whiskey 
is also monopolised by Great Britain, the Scotch aud Irish distilleries supplying the entire 
demand for this article. Wines, brandy, and liqueurs are not produced in any quantity in the 
British Isles. 

Fermentation. — -Fermentation is a spontaneous change undergone, under certain conditions, 
by any animal or vegetable substance under the influence of ferments, by which are produced 
other substances not originally found in it. There are several kinds of fermentation, the most 
important being that by which alcohol is formed from glucose, or alcoholic fermentation. If this 
process be not carefully conducted, other fermentations ensue, resulting in the formation of acetic, 
lactic, and butyric acids, and sometimes of saccharine and viscous matters, which are productive of 
much annoyance to the distiller. These may be called the accidents of fermentation, and must ho 
very carefully guarded against. 

Glucose is said, therefore, to be subject to four principal kinds of fermentation — alcoholic, 
acetous, lactic, and viscous. There are others of a less important nature to which glucose is liable, 
but only the above four will be examined in this article. 

The real nature of the process of fermentation, though it has been made the subject of much in- 
vestigation, is still shrouded in a good deal of obscurity. Many theories have been put forward to 
account for- it, of which the most probable is that of M. Pasteur, who tells us that the action 
of ferments is due to the life and growth of the minute cells of which they are composed. To 
effect this development, the cells require mineral food, and if this be withheld, qo fermentation can 
take place. M. Pasteur has shown this by placing a small quantity of brewer’s yeast, tlie ferment 
commonly employed in industrial operations, in an absolutely pure solution of sugar. He observed 
no sign of fermentation until he had introduced a soluble phosphate and a salt of ammonia, salts 
which constitute the mineral components of the ferment. The presence of albuminoid matters appears 
also to be indispensable ; but these are contained in the ferment itself, so that in case the Uquor 
is not sufficiently provided with such matter, the ferment will, so to speak, nourish itself with its 
own substance, throwing off at the same lime the useless particles that are not necessary for its 
own growth. The results of careful microscopical examinations of the minute celiuies of which 
yeast is composed fully bear out M. Pasteur’s view of the subject. 

The different varieties of fermentation to which glucose is liable will here be treated of 
separately. 

Alcoholic Fermentation . — Five agents, each acting in a different direction, are necessary to produce 
this; in the absence of any one of them, fermentation cannot proceed. They are (1) Sugar, (2) 
Water, (3) A ferment, (4) Heat, and (5) Air. The part played by each of these five indispensabjo 
agents will now be examined. 

Sugar.— Sugar when dissolved and brought into contact with a ferment is decomposed, yielding 
alcohol and carbonic anhydride. Before fermentation, the sugar has to be converted into glucose, by 
combination with two equivalents of water. This hydration is very easily effected ; simple heating 
of a saccharine solution is sometimes sufficient ; the presence of ferments themselves produces it, 
and a thousand other causes will bring it about when water is present. It is this ready conversion 
of sugar into glucose that renders saccharine matters so useful in the production of alcohol. The 
best proportion of sugar in an unfermented liquor or “ must ” is about 12 per cent. More than this 
hinders the fermentation. 

Water. — The proportion of water employed in dissolving the glucose exercises considerable 
influence upon the products of the fermentation, as well as upon the time occupied by the process. 
The operation may be hurried or kept back by adding or subtracting water ; the latter is effected 
by evaporation. The relative amount of water present is ascertained by means of an instrument 
called a “ saecharometer.” The water employed should contain no organic matter, and only a small 
proportion of mineral salts ; it should always be clear and bright. 

The Ferment.— A ferment is a substance undergoing decomposition, the ultimate particles 
of which are in a state of continual motion. When brought into contact with sugar, this atomic 
motion is communicated to the atoms of carbon, hydrogen, and oxygen of which the sugar is made 
up, the carbon dividing itself between the hydrogen and oxygen in such a maimer that in place of 
the sugar, two more stable compounds are formed, viz., carbonic anhydride and alcohol. The 
elements of the ferment take no part in the formation of these products, but only act as the 
stimulant which provokes the change without participating therein chemically. 

As stated above, brewers’ yeast is the ferment chiefly employed by distillers. It is a frothy 
substance formed during tlie fermentation of the worts of beer. It coflects on the surface, and is 
skimmed off and rendered dry and solid by the action of a press. That obtained" from a strong beer 
is much to be preferred, as it is more certain in its action and less liable to engender acetous 
fermentation. It is best when newly prepared : old yeast should never be used when fresh can be 
obtiiined. 
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The best yeast for fermentiag grain spirit is the London porter yeast, which is bought up by 
the grain distillers for this purpose. The proportions of yeast and sugar for quick fermentation are 
5 parts of sugar to 1 part of yeast, although the same quantity of yeast will ferment a mucli larger 
quantity of sugar. Any nitrogenous substance, such as albumen, fibrin, gluten, &e., possesses the 
power of converting sugar into alcohol, when in a state of incipient decomposition, though in 
a less degree than yeast. 

When required for storing, the yeast is subjected to processes of washing and pressing in 
order to get rid of the water and other impurities which it contains. It is pressed through 
linen or through a hair sieve, and the filtered liquid is then allowed to stand until the yeast has 
settled to the bottom. The clear liquid is then decanted off, and the yeast is washed seveial times 
with cold water, and well stirred up, until the wash water exhibits no acid reaction. It is finally 
mixed with 15 • 30 per cent, of starch, filled into bags, and pressed. 

Heat. — Heat is as necessary to fermentation as water, and, like water, may be the cause of 
hastening or checking the process. The lowest temperature at which the action is sustained is about 
15°, and it becomes more energetic and perfect as the temperature is increased up to 28° or 30°. A 
higher temperature than this should be avoided, as likely to excite acid fermentation. As a means 
of cooling the vat rapidly, in case of necessity, a coil of pipe in which cold water circulates is 
sometimes laid in the bottom of the vats. Since heat is retained longer in large masses than in small, 
and the heat generated by the rapidity of the chemical action is in proportion to the bulk of 
liquor, it follows that the temperature should be raised in inverse proportion to the bulk of the 
liquor undergoing fermentation. 

Air. — Air, though indispensable at the beginning of the process, becomes useless, and indeed 
injurious, during its continuation. It is essentially the initial force, bnt when once the impulse has 
been given, it is no longer necessary. Therefore air should be excluded as carefully as possible, 
by keeping the vat covered and allowing no movement to displace the layer of carbonic anhydride, 
resting on the surface of the liquor, because contact with the air is certain to produce an acid fermen- 
tation in place of the alcoholic ; this is especially liable to occur towards the end of the operation. 

The whole process of alcoholic fermentation may be briefly described as follows : — 

The liquor in the vat having been heated to the right temperature, the ferment, previously 
mixed with a small quantity of the saccharine liquor and then left to stand until fermentation 
begins, is thrown in, and the whole is well stirred together. In about three hours’ time, the com- 
mencement of the fermentation is announced by small bubbles of gas which appear on the surface 
of the vat, and collect round the edges. As these increase in number, the whole contents are 
gradually thrown into a state of motion, resembling violent ebullition, by the tumultuous disengage- 
ment of carbonic anhydride. The liquor rises in temperature and becomes covered with froth. At 
this point, the vat must be covered tightly, the excess of gas finding an exit through holes in the 
lid ; care must now be taken to prevent the temperature from risiug too high, and also to prevent 
the action from becoming too energetic, thereby causing the contents of the vat to overflow. In 
about twenty-four hours, the action begins to subside, and the temperature f; 11s to that of 
tlie surrounding atmosphere. An hour or two later, the process is complete; the bubbles 
disappear, and the liquor, which now possesses the characteristic odour and taste of alcohol, settles 
out perfectly clear. The whole operation, as here described, usually occupies about forty-eight 
hours, more or less. The duration of the process is influenced, of course, by many ciicumstinces, 
chiefly by the bulk of the liquor, its richness in sugar, the quality of the ferment, and the 
temperature. 

Acetous Fermentation . — This perplexing occurrence cannot be too carefully guarded against. It 
results, as mentioned above, when the fermenting liquor is exposed to the air. When this is the 
case, the liquor absorbs a portion of the oxygen, which unites with the alcohol, thus converting it 
into acetic acid as rapidly as it is formed. When acetous fermentation begins, the liquor becomes 
turbid, and a long stringy substance appears which after a time settles down to the bottom of the 
vat. It is then found that all the alcohol has been decomposed, and that an equivalent quantity 
of acetic acid remains instead. It has been discovered that the presence of a feiment and a tempera- 
ture of 20° to 35° are indispensable to acetous fermentation, as well as contact with the atmosphere. 
Hence, in order to prevent its occurrence, it is necessary not only to exclude the air, but also to guard 
against too high a temperature and the use of too much ferment. The latter invariably tends to 
excite acetous fermentation. It should also be remarked that it is well to cleanse the vats and 
utensils carefully with lime water before using, in order to neutralize any acid which they may 
contain ; for the least trace of acid in the vat has a tendency to accelerate the conversion of alcohol 
into vinegar. A variety of other circumstances are favourable to acetification, such as the use of a 
stagnant or impure water, and the foul odours which arise from the vats; stormy weather or 
thunder will also engender it. 

Lactic Fermentation . — Under the influence of lactic fermentation, sugar and starch are converted 
into lactic acid. When it has once begun, itdevelopes rapidly, and soon dec imposes a large quantity 
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of glucose; but as it can proceed only in a neutral liquor, the presence of the acid itself speedily 
checks its own formation. Tlien, however, another ferment is liable to act upon the laetic acid 
already formed, converting it into b’ltyric arid, which is easily recognized by its odour of rank 
butter. Carbonic anhydride and hydrogen are evolved by this reaction. The latter gas acts 
powerfully upon glucose, converting it into a species of gam called mannite, so that lactic fermen 
tation — in itself an iiitelerable nuisance — ^becomes the source of a new and equally objectionable 
waste of sugar. It can be avoided only by keeping the vats thoroughly clean ; they should be 
washed with water acidulated with 5 per cent, of sulphuric acid. An altered ferment, or the use 
of too small a quantity, will tend to bring it about. The best preventives are thorough cleanliness, 
and the use of good fresh yeast in the correct proportion. 

Viscous Fermentation . — This is usually the result of allowing the vats to stand too long before « 
fermentation begins. It is characterized by the formation of viscous or mucilaginous matters, 
which render the liquor turbid, and by the evolution of carbonic anhydride and hydrogen gases, the 
latter acting as in the ease of lactic fermentation, and converting the glucose into mannite. Yiscous 
fermentation may generally be attributed to the too feeble action of the ferment. It occurs prin- 
cipally in the fermentation of white wines, beer, and beet-juice, or of other liquors contaiuing 
much nitrogenous matter. It may be avoided by the same precautions as are indicated for the 
prevention of lactic fermentation. 

It remains now to describe briefly the vessels or vats employed in tlie processes of fermentation. 
They are made of oak or pine, firmly bound together with iron bands, and they should be somewhat 
deeper than wide and sliglitly conical, so as to present as small a surface as possible to the action of 
the air. Their dimensions vary, of course, with the nature and quantity of the liquor to be fermented. 
Circular vats are preferable to square ones as being better adapted to retain the heat of their con- 
tents. Tlie lid should close securely, and a portion of it should be made to open without uncovering 
the whole. For the purpose of heating or cooling the contents when necessary, it is of great advan- 
tage to have a copper coil at the bottom of the vat, connected with two pipes, one supplying steam 
and the other cold water. The diameter of the coil varies according to the size of the vat. 

Tlie room in which the vats are placed should be made as free from draughts as possible by 
dispensing with superfluous doors and windows; it sliould not he too high end should be enclosed 
by thick walls in order to keep in the heat. As uniformity of temperature is highly desirable, a 
thermometer should be kept in the room, and there should be stoves for supplying heat in case it be 
required. .Every precaution must be taken lo ensure the most absolute cleanliness; the floors 
should be swept or washed with water daily, and tlie vats, as pointed out above, must be cleaned 
out as soon as the contents are removed. For washing the vats, lime-water should be used when 
the fermentation has been too energetic or has shown a tendency to become acid ; water acidulated 
with sulphuric acid is used when the action has been feeble and the fermented liquor contains a 
small quantity of uudecomposed sugar. Care must be taken to get rid of carbonic anhydride formed 
during the operation. Buckets of lime-water are sometimes placed about tlie room for the purpose 
of absorbing this gas ; hut tlie best way of getting rid of it is to have a number of holes, 3 or i in. 
square, in the floor, through which the gas escapes by reason of its weiglit. The dangerous action 
of this gas and its efiects upon animal life when nnmixed with air are too well known to necessitate 
any further enforcement of these precautions. 

Distillation. — The fermented liquors obtained in the manner described above, are composed 
essentially of volatile substances, such as water, alcohol, essential oils and a little acetic acid, and 
of non-volatile substances, such as cellulose, dextrine, unaltered sugar and starch, mineral matters, 
lactic acid, &c. 

The volatile constituents of the liquor possess widely different degrees of volatility ; the alcohol 
has the lowest boiling point, water the next, tlien acetic acid, and last the essential oils. It will 
thus be seen that the separation of the volatile and non-volatile constituents by evaporation and 
condensation of the vapours given off is very easily effected, and that also by the same process, which 
is termed distillation, tlie volatile substances may be separated from one another. As the acetic acid 
and essential oils are present only in very small quantities, they will not require much consideration. 

The aim of tlie process is to separate as completely as possible the alcohol from the water which 
dilutes it. At the beginning of this article, we have given a table showing the amount of alcohol 
contained in the vapours given off from alcoholic liquids of different strengths, and also their 
boiling points. A glance at tliis table will show to what an extent an alcoholic liquor may be 
strengthened by distillation, and how the quantity of spirit in the distillate increases in proportion 
as that contained in the original liquor diminishes. It will also be seen that successive distillations 
of spirituous liquors will ultimately yield a spirit of very high strength. As an example, suppose 
that a liquid containing 5 per cent, of alcohol is to be distilled. Its vapour condensed gives a distillate 
containing 42 per cent, of alcohol, which, if re-distilled, affords another containing 82 per cent. 
This, subjected again to distillation, yields alcohol of over 90 per cent, in strength. Thus three 

♦ 

f 



ALCOHOL. 


197 


snccessive distillations have strengthened the liquor from 5 -per cent, to 90 per cent. This, of 
course, is speaking theoretically ; in practise it is possible to obtain results so absolutely perfect, 
only by leaving behind a considerable quantity of spirit in the distilling apparatus after each 
distillation. 

It will thus be clear that the richness in alcohol of the vapours given off from boiling alcoholic 
liquids is not a constant quantity, but that it necessarily diminishes as the ebullition is continued. 
For example, a liquor containing 7 per cent, of alcohol yields, on boiling, a vapour containing 
50 per cent, (see table, p. 192). The first portion of the distillate will, therefore, be of this 
strength. But, as the vapour is proportionally richer in alcohol, the boiling liquor must become 
gradually weaker, and, in consequence, must yield weaker vapours. Thus, when the proportion of 
alcohol in the boiling liquid has sunk to 5 per cent., the vapours condensed at that time will 
contain only 40 per cent. ; at 2 per cent, of alcohol in the liquor, the vapours yield only 28 per 
cent., and at 1 per cent, they will be found when condensed to contain only 13 per cent From 
this it will be understood that if the distillation be stopped at any given point before the complete 
volatilization of all the alcohol, the distillate obtained will be considerably stronger than if the 
process had been carried on to the end. Moreover, another advantage derived from checking the 
process before the end, and keeping the last portions of the distillate separate from the rest, besides 
that of obtaining a stronger spirit, is that a much purer one is obtained also. The volatile, 
essential oils, mentioned above, are soluble only in strong alcohol, and insoluble in its aqueous 
solutions. They distil also at a much higher temperature than alcohol, and so are found only 
among the last products of the distillation, which result from raising the temper.iture of the boiling 
liquid. This system of checking the distillation and removing the products at different points is 
frequently employed in the practice of rectification. 

The apparatus employed in the process of distillation is called a still, and is of almost infinite 
variety. The very simplest form is shown in Fig. 174, and consists of two essential parts, the 
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still or boiler A, which is made of tinned copper, and enters the furnace, and the cooler or worm 
B, a pipe of block-tin or tinned copper, bent into a spiral and connected with the top of the still 
The liquid is boiled in the stUl, and the vapours passing over are condensed in the pipe, which is 
placed in a tub or vessel containing cohl water. Tliis simple apparatus is not much employed in 
distilling, as it is impossible to get sufficiently pure protlucts from it on a commercial scale. In an 
arrangement of this kind, the vapours of alcohol and water are condensed together. But if, 
instead of filling the cooler with cold water, it be kept at a temperature of 80°, the gre.ater part of 
the water will be condensed ; but the alcohol, which boils at 78°, passes through the coil uncon- 
densed. If, therefore, the water be condensed and collected separately in this manner, and the 
alcoholic vapours be conducted into another cooler, kept at a temperature below 78°, the alcohol 
will be obtained in a much higher state of concentration than it would be by a process of simple 
distillation. Supposing, again, that vapours containing but a small quantity of alcohol are 
brought into contact with an alcoholic liquid of lower temperature than the vapours themselves, 
and in very small quantity, the vapour of water will be partly condensed, so that the remainder 
will be richer in alu*hol than it was previously. But the water, in condensing, converts into 
vapour a portion of the spirit contained in the liquid interposed, so that the uncondensed 
vapours passing away are still further enriched by this means. Here, then, are the results 
obtained : the alcoholic vapours are strengthened, flistly, by the removal of a portion of the water 
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wherewith they were mixed ; and then by the admixture with them of the vaporized spirit 
placed ill the condenser. By the employment of some such method as this, a very satisfactory 
yield of spirit may be obtained, both with regard to quality, as it is extremely concentrated, and to the 
cost of production, since the simple condensation of the water is made use of to convert the spirit 
into vapour without the necessity of having recourse to fuel. The construction of every variety of 
distilling apparatus now in use is based upon the above principles. 

The first distilling apparatus for the production of strong alcohol on an industrial scale was 
invented by Edward Adam, in the year 1801. The arrangement is shown in Fig. 175, in 
which is a still A to contain the liquor. The vapours were conducted by a tube into the 
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egg-shaped vessel B, the tube reaching nearly to the bottom ; they then p.assed out by another tube 
mto a second egg C ; then, in some cases, into a third, not shown in the figure, and finally into the 
worm D. The liquor condensed in the first egg is stronger than that in the still, while that found 
in the second and third is stronger than either. The spirit which is condensed at the bottom of 
the worm is of a very high degree of strength. At tlie bottom of each of the eggs, there was a tube 
connected with the still, by which the concentrated liquors could be run back into it. In the tube, 
was a stop-cock o, by regulating which, enough liquor could be kept in the eggs to cover the lower 
ends of tlie entrance pipes, so that the alcoholic vapours were not only deprived of water by the 
cooling which they underwent in passing through the eggs, but were also mixed with fresh spirit 
obtained from the vaporization of the liquid remaining in the bottom of tlie eggs, in the manner 
already described. Adam’s arrangement fulfilled, therefore, the two conditions necessary for the 
production of strong spirit inexpensively; but unfortunately it had also serious defects. The 
temperature of the egg could not be maintained at a constant standard, and the bubbling of the 
vapours through the liquor inside created too high a pressure. It was, however, a source of great 
profit to its inventor for a long period, although it gave rise to many imitations and improvements 
of greater or less merit. Among these are the stills of Solimani and Berard which more nearly 
resemble those of the present day. Utilizing the experience which had been gained by Adam, 
Solimani, and Berard, and avoiding tlie defects which these stills presented, Cellier-Blumenthal 
devised an apparatus which has become tlie basis of all subsequent improvements ; indeed, every 
successive invention has differed from this arrangement, merely in detail, the general principles 
being in every case the .same. The chief defect in the three stills above-mentioned was that they 
were intermittent, while that of Cellier-Blumentlial is continuous ; that is to say, the liquid for 
distillation is introduced at one end of the arrangement, and the alcoholic products are received 
continuously, and of a constant degree of concentration, at the other. The saving of time and fuel 
resulting from the use of this still is enormous. In the case of tlie previous stills, the fuel con- 
sumed amounted to a weight nearly three times tliat of the spiiit yielded by it; whereas, the 
Cellier-Blumenthal apparatus reduces the amount to one-quarter of the weight of alcohol produced. 
Fig. 176 shows the whole arrangement, and Figs. 177 to 181 represent different parts of it iu 
detail. In Fig. 176, A is a boiler, placed over a brick furnace ; B is the still, placed beside it, on 
a slightly liigher level and is heated by the furnace flue which passes underneath it. A pipe e 
conducts the steam from the boiler to the bottom of the still. By anoffiier pipe d, which is 
furnished with a stop-cock and which reaches to the bottom of the still A, the alcoholic liquors in the 
still may be rim from it into the boiler; by opening the valve K, the spent liquor may be run out 
at a. The glass tubes 6 and / show the height of liquid in the two vessels. The still is 
surmounted by a column C, shown in section in Fig. 177. This column contains the arrangement 
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shown in Fig. 178, which consists of a series of spherical copper capsules, placed one above the 
other, and kept apart by three metallic rods passing through the series. These capsules are of 
different diameters ; the larger ones, which are nearly the diameter of the column, are placed with 
the rounded side downwards, and are pierced with small holes ; the smaller ones are turned bottom 
upwards. Into the top capsule, is made to flow a stream of the liquid to be distilled, which, 
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running through the small holes, falls upon the smaller capsule beneath, and from this upon the 
one next Mow, and ^ throughout the whole of the series until it reaches the bottom and falls 
into the still. The vapours rise up into the column from the still and meet the stream of spirit, 
converting it partially into vapour and pass out at the top, considerably enriched, into the 
column D, Fig. 180, which contains a system resembling in principle that of Adam ’; here the 
vapours are still further strengthened. Fig. 179 is an interior, and Fig. 180 a sectional view of this 
column, the “ rectifying column,” as it is called. It contains six vessels, placed %ne above the other 
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in an inverted position. These are so disposed that the vapours traverse a thin layer of liquor 
in each. The condensed liqnid flows back into the column C, and the uncondensed vapours pass 
into the next part of the apparatus. 

Leaving this column, the vapours are conducted into a horizontal cylinder E, containing a coil S, 
Fig. 181, which lies in a hot liquid. This liquid is the liquor_ which has to be distilled. 




Entering by the pipe f, Fig. 1 81, it is distributed over holes in the plate i/ y, and, falling in drops into 
the cylinder, is heated by contact with the coil S. The cylinder is divided into two compartments 
by a diaphragm which is pierced with holes at its lower extremity ; through these holes the 
liquor flows into the second compartment, and passes out at the top, where it runs through the 
pipe a, into the top of the colunm C. 

The vapours are made to traverse 
the cod S, which is kept at an aver- 
age temperature of 50° in the right- 
hand compartment and somewhat 
higher in the other. They pass first 
through J into the hottest part of 
the coil, and there give up much of 
the water with which they are 
mixed, and the process of concen- 
tration continues as they pass 
through the coil. Each spiral is 
connected at the bottom with a ver- 
tical pipe by which the condensed 
liquors are run off; these are con- 
ducted into the pipe PP. Those 
which are condensed in the hottest 
part of the coil, and are conse- 
quently the weakest, are led by the pipe L into the third vessel in the column D, Pig. 180, while 
the stronger portions pass through L' into the fifth. The stop-cocks a o regulate the flow of 
liquid into these vessels, and consequently also the strength of the spirit obtained. 

Lastly, as thay leave the cylinder, the highly concentrated vapours are condensed in the vessel 
F, which contains ^nother coil. This is kept cool by a stream of liquor flowing from the reservoir 
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H into the smaller cistern G, from which a continnons and regular flow is kept np through the tap o 
into the funnel tube S,. and thence into the condenser F ; it ultimately flows into the cylinder E 
through tlie pipe t, there being no other outlet. The finished products run out by the pipe x into 
suitable receivers. 

Alcohol fbom Wikb. — The most important of the many sources from which alcohol is obtained on 
an industrial scale, is wine. The distillation of alcohol from wines is confined exclusively to 
Prance, where the best wines for this purpose are prepared. The spirit obtained from them is 
used very extensively in the same country for the production of all kinds of brandy. As the wines 
employed are generally of special preparation and must be chosen with much care, we shall here 
devote a little space to the details of their preparation from the grape, as carried on in France. 

Of all the fruits employed as sources of alcohol, the grape must occupy the first place. Not 
only does it present the advantage of containing in itself the sugar, the water, and tho ferment 
necessary for the conduct of the fermenting process, but the spirit which it yields is unequalled 
for fineness, bouquet, or delicacy of aroma. The grapes should be just ripe when gathered, a 
period recognized by the softening of the fruit, the brownness of the stem, and the sweetness and 
stickiness of the expressed juice. Much care is requisite in the performance of cutting, in order to 
avoid bruising the fruit ; this should be performed with shears or scissors, not with a knife. 

The next operation is the crusMtig, the object of which is to mix up and to bring into contact 
with each other all the constituent elements of the grape. If this be not done, it withers and dries 
up without undeigoing the necessary fermentation. It may be conducted advantageously in a 
square box, open at the top and with holes pierced in the bottom ; this box is fixed upon the edges 
of the vat. Inside it, the finiit is trampled under foot by a man wearing wooden boots, and the 
juice pressed out flows through the perforated bottom of tho box into the vat ; this is continued 
until the vat is full. The refuse, or marc, as it is called, may either be fermented in the vat with 
the juice, or in a separate vessel. This plan is much to be preferred to that of crushing the grapes 
in the vat, as, in the latter case, much of the fruit floats about in the must untouched, and thus 
escapes fermentation. It is an advantage not to stem the grapes before crushing, as the presence 
of the stems in the vat promotes and regulates the fermentation ; moreover, they contain an astrin- 
gent principle, wliich assists in preserving wines containing bnt Uttlo alcohol. Sufficient room must 
be left in the vat to allow for the increase in volume undergone by its contents, in consequence of 
the elevation of temperature resulting from the fermentation. 

In some cases, when the process is being conducted on a very large scale, and the vats employed 
are of great size, it is necessary to conduct the pressing of the gropes upon a wide floor, surrounded 
by a trench or gutter, connected with a cistern, from which the expressed juice is run into the 
vats. In other places, it is customary to press the grapes between two rollers placed sufficiently far 
apart to avoid breaking the seeds. Every distiller, however, varies the modus operandi according to 
the scale upon which he is working. 

The vats are round in shape, and may be either of oak, hooped together with iron hoops, or of 
masonry. The latter is preferable in the case of wines intended for distillation. In the course 
of a day or two, fermentation sets in, and the must undergoes the changes described on p. lO.’i, the 
resulting liquid bearing the name of wine. The room in which the process is conducted should 
have a temperature of about 15°, and the fruit should be at the same degree at the time of crushing. 
The vats may be heated before being filled. 

In some cases, when the grapes have been grown on moist land, or the season has been a rainy 
one, it happens that the must contains too small a proportion of sugar, and it is, therefore, necessary 
to diminish the quantity of water present by artificial evaporation ; or the excess of water may be 
counteracted (and this is by much the better method) by the addition of the theoretical quantity of 
sugar required to bring the must to the ordinary strength ; this quantity is determined by the 
degree of concentration of the must as shown by the saccliarometer. When ascertained, the neces- 
sary quantity is dissolved in a little of the must by boiling over a fire, and then poured into the 
vat The whole is well stirred together and then covered up. 

When the process is complete, the wine is drawn off, or racked. As the quality of the wine 
depends in a great measure, upon the perfo mance of this at the right moment, much care must bo 
employed to determine it. The only sure guide consists in observing, by means of the saceharo- 
meter, the progress of the conversion of sugar into alcohol, so as to note the exact moment when the 
whole of the saccharine principle is decomposed. After racking the wine, a certain quantity is 
always left in the marc, at the bottom of the vat. This is obtained by submitting the mare to the 
action of a wine-press, of which there are many varieties. The wine expressed is harsher and more 
tart than that previoujly drawn off, and should therefore be kept separate. 

Wine contains alcohol in proportions varying from 7 to 2 1 per cent., a large proportion of water, 
small quantities of undecomposed sugar, besides traces of albumen, pectin, and tannin, tartaric 
and malic acids, colouring matters, essential oils, &c. 

In making choice of the wines to be distilled, the fir^t consideration is the hmount of alcohol 

t 
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which they contain, and then the quality of the spirit which they will yield. Their richneas in 
alcohol is readily determined by means of Guy Lussac’a test-still. One-third of the wine is distilled 
off and two volumes of water are added to the remainder; the strength may then be read off by 
means of an alcoholometer. As regards the quality of tlie brandy obtained, much depends upon 
the purity, fineness, and age of the wine employed. White wines, or those made from the juice 
alone of the grape, are to be preferred ; all the best varieties of “ Cognac ” brandy are distilled 
from these wines. 

Another variety of spirit, called in France Eau-de-vie de marc, is prepared from the marcs or 
refuse of the wine-press. After the grapes have been pressed, the marcs contain a certain amount 
of sugar, if the grapes were pressed before fermentation, and of wine, if this process was carried on, 
as is sometimes the case, after fermentation. The marcs are transferred to vats where they are 
covered with water and stirred up vigorously. Weighted sieves are then placed in the vats in such 
a manner that the marc is pressed down to the bottom, leaving a layer of clear liquor above it. 
Air is then excluded by covering the vat securely. After fermentation, which occupies about five 
days, the clear liquor is drawn off and distilled. On account of its rough, unpleasant taste and 
odour, the spirit so obtained is seldom used for direct consumption, but is generally added to the 
fermenting vats for the purpose of increasing the strength of liquors which contain a small pro- 
portion of sugar. Employed in this way, the spirit loses its objectionable qualities, and is found to 
enhance the colour and strength of the wine to which it is added. 

The still most commonly used in France for distilling brandy from wines, is known as the 
“ Allfegre” still, and is represented in elevation in Pig. 182, and in vertical section in Fig. 183. 
A B is the furnace ; E the boiler, which is partly enclosed in brickwork, and having an emptying- 



cock F near the bottom. A try-cock g for ascertaining the level of the liquid in the interior should 
be placed at about the height of the dotted line in the section. K is another try-cock for ascer- 
taining the end of the operation ; at this point, the vapours emitted on tunfrng the cock, will no 
longer take fire. L is another boiler, placed above the previous one, fitted with an emptying cock 
M, a try-cock o, and a small pipe n, which puts the two boilers in communication. Q is a plate 
separating the twp boilers. In its centre there is a pipe r, surrounded by a series of concentric 
cylinders s t u and r, disposed as shown in the figure. These cylinders form a system by which 
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the vapours of spirit and water are condensed at different temperatures and thereby effectually 
separated from each other ; the liquor forme 1 is conducted away by the pipe g g. The vapours 
from the boilers are thus made to travel through the spaces between these concentric cylinders, 
and finally pass out at the openings k h, coming again into contact with the liquor in L. A curved 
tube y, connected with the interior of the system, is filled with water, and permits the entrance of 
air in case of too sudden condensation, a is a try-cock corresponding to K in the boiler E. 0 is a 
manhole for the purpose of cleaning the boiler. The vapours from the upper boiler pass upwards 
into the circular rectifier e which rests upon the neck of the boiler L ; this vessel may be cleaned 
out by means of the opening at 1. Six compartments, op q r s o’, arranged as shown in the figure, 
are placed above the rectifier e in the form of a column. Communication between these compart- 
ments is established by means of the pipes I' (' ; besides this, the compartments are also connected 
by the small pipes 1, 2, 3, 4, 5 and 6, which reach down to within 5 centimetres of the bottom of 
each, falling into a little trough similar to gg in the boiler E. U is a cylinder surrounding the 
column. The wine circulates in this, condensing and concentrating the ascending vapours, and 
afterwards escaping through r into the boiler L. S is a cistern containing the wine, which is run 
into the cylinder U by a little pipe /. Through another pipe /' the vapours escape from the column 
in order to condense, while the vapours from the cylinder U are led away through f into the coils 
contained in the vats S and E. X is an outer covering to prevent the loss of heat by radiation. 
In grain distilleries, this is used for drying malt, which is placed in the interior. An opening at c, 
serves for the admission of water when it is required to clean the column. 

The operation of distilling is performed by this apparatus in the following way : — All the cocks 
are closed excepting those at o and g. The cooler B is filled with water, and the cock at x" opened- 
The upper condenser S is filled with the wine to be distilled ; this condenser contains a coil in 
which the vapours passing through f are partially condensed, and which communicates by K' with 
the large coil in the cooler H. When K is filled, the water is run through i into the boiler e, 
when it is made to boil by passing steam through the apparatus until the wine in S has reached a 
temperature of about 40°. The cock in the pipe c' is then opened to allow the wine to run from S 
into the cylinder U, S being re-fllled with cold wine. The cocks in the pipe h are then opened in 
order to.allow the wafer in the compartments of the column and in the rectifier to run out. These 
cooks are then closed again, and the heat is diminished as far as possible, by means of a damper, to 
allow the water to run out from the two boilers and from the rectifier by the cocks F M and A." 
While this is going on, the manhole I is opened and the boiler thoroughly cleaned out. This 
cleansing of the apparatus is not necessary every time that the process is interrupted, but only when 
the interruption is of some duration. When work is stopped for a Tength of time, the apparatus is 
left full of water until the work is resumed. As soon as the hot water has run out, the cocks F, M, 
and A" are closed, and tlio lower boiler is filled up as far as the cock g ; g and I are then closed, and 
heat is again applied to the apparatus. When the water begins to boil, the boiler L is filled from 
the pipe r with the wine previously heated in the cylinder U, up to the point o ; o and r are then 
closed, and o' is opened in order to refill IT with the contents of the cistern S. The water in E soon 
begins to boil, and the steam generated heats the lower part of tlie boiler L, and passing up r, 
around the cylinder, and out at A A, it passes through the wine into the upper part of L. The wine is 
thus gradually heated to the boiling point, and the vapours given off are led by i into the rectifier 
e, where it is partly concentrated ; the remainder passes into the upper column by the pipes I' I' I'. 
Here the chief part of the condensation is carried on ; as the vapours gradually rise they are de- 
prived of water, until they ultimately find their way through / into the coil contained into the 
cistern S, and from that into the cooler E, where they are completely condensed. The finished 
spirit is run out at m'. 

The weak liquors from the several compartments of the upper column return through the pipes 
numbered 6, 5, 4, 3, 2, 1, until they reach the boiler L. The whole operation, as above described, 
occupies three hours ; but when the apparatus has become properly heated in all parts, two hours 
only are required. • 

Alcohol feom Molasses. — Another common source of alcohol is molas.ses or treacle. Molasses is 
the uncryst.illizable syrup which constitutes the residuum of the manufacture and refining of cane 
and beet sugar. It is a dense, viscous liquid, varying in colour from light yellow to almost black, 
according to the source from which it is obtained ; it tests usually about 40° by Baume’s hydro- 
meter. The molasses employed as a source of alcohol must be carefully chosen ; the lightest in 
colour is the best, containing most nncrystallized sugar. The manufacture is extensively carried on 
in France, where the molasses from the beet sugar refineries is chiefly used on account of its low price, 
that obtained from the ftine sugar factories being considerably dearer. The latter is, however, much to 
be preferred to the former variety as it contains more sugar. Molasses from the beet sugar refineries 
yields a larger quantity and better quality of spirit than that which comes from the factories. 
Molasses contains about 50 per cent, of saccharine matter, 24 per cent, of other organic matter, and 
about 10 per cent, of inorganic salts, chiefly of potash. It is thus a substance rich in matters favour- 
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able to fermentation. When the density of molasses has been lowered by dilution, with water, 
fermentation sets in rapidly, more especially if it has been previously rendered acid. As, however, 
molasses from beet generally exhibits an alkaline reaction, it is found necessary to acidify it after 
dilution ; for this purpose sulphuric acid is employed, in the proportion of about 4J lb. of the 
concentrated acid to 22 gallons of molasses, previously diluted with 8 nr 10 volumes of water. 
Three processes are thus employed in obtaining alcohol from molasses : dilution, acidification, and 
fermentation. The latter is hastened by the addition of a natural ferment, such as brewers’ yeast. 
It begins in about eight or ten hours, and lasts upwards of sixty. 

In Germany, where duty is imposed upon the distilleries according to the capacity of the fer- 
menting vats, the molasses is not diluted to such an extent as in France, where the duty is upon 
the manufactured article. In the former case the liquor, before fermentation, tests usually as high 
as 12° Baume, whereas in France it is diluted until it tests 6° or 8°, a degree which is much more 
favourable to rapid and complete fermentation. In consequence of this difference in the concentra- 
tion of the unfermented liquor, the degree of temperature at which the process is begun is higher in 
the case of the strong liquor than when it is more dilute. In Germany, the temperature at which 
fermentation begins is about 25°, and this is raised during the operation to 30°, whilst in France 
a much lower temperature suffices. Moreover, owing to the enormous size of the French vats, the 
temperature rises so quickly that it must be moderated by passing a current of cold water through a 
coil of pipe placed on the bottom of the vat. Two cwts. of molasses at 42° Baume' will furnish about 
6 g.dlons of pure spirit. The spirit of molasses has neither the taste nor the odour of spirit from 
wine ; it is sweeter, and when the distillation and rectification have been properly conducted, it mav 
be considered as a type of alcohol in its purity, for it has neither taste nor any peculiar aroma. In 
this state it is called spirits, and may be employed in the manufacture of liqueurs, for improving 
common brandies, and especially for refining the trois-sije (rectified spirit) of Montpellier. In those 
districts of France where the beet is largely cultivated for the manufacture of sugir, and the 
molasses is converted into alcohol, the waste liquor is made a source of no inconsiderable profit by 
concentrating it and incinerating the residue, from which is obtained, for the use of the soap-boiler, 
a caustic potash of superior quality. In addition to the alcohol, good beet molasses will yield 10 
or 12 per cent, of commercial, or from 7 to 8 per cent, of refined potash. In addition ^ this a 
method has lately been proposed by M. Camille Vincent of collecting the ammonia water, tar, and 
oils given off when this residue is calcined, and utilizing them for the production of ammonia 
and chloride of methyl, which latter substance possesses considerable commercial value. The pro- 
cess has been made the subject of a paper read by Professor Rosooe before the Eoyal Institution 
who propliesies for it the most^omplete success when tried on an industrial scale. “ Chloride of 
methyl,” he says, “ has up to this time, indeed, not been obtained in large quantities ; but it can be 
employed for two distinct purposes: (1) it serves as a means of producing artificial cold; (2) it 
is most valuable for prepariug methylated dyes, which are at present costly, inasmuch as they have 
hitherto been obtained by the use of methyl iodide, an expensive stfcstance.” 

Besides the molasses of the French beet sugar refineries, large quantities result from the manu- 
facture of cane sugar in Jamaica and the West Indies. This is entirely employed for the distilla- 
tion of rum. As the pure spirit of Jamaica is never made from sugar, but always from molasses and 
skimmings, it is advisable to notice these two products, and, together with them, the exhausted 
wash commonly called dunder. 

The molasses proceeding from the West Indian cane sugar contains cryotallizable and unorystal- 
lizable sugar, gluten, or albumen, and other organic matters which have escaped separation durino- 
the process of defecation and evaporation, together with saline matters and water. It therefiwe 
contains in itself all the elements necessary for fermentation, i. e. sugar, water, and o-luten which 
latter substance, acting the part of a ferment, speedily establishes the process under certain condi- 
tions. Skimmings comprise the matters separated from the cane juice during the processes of 
defecation and evaporation. The scum of the clarifiens, precipitators, and evaporators (see 
Sugar Manufacture), and the precipitates in both clarifiers and precipitators, together with 
a proportion of cane sugar mixed with the various scums and precipitates, and the “sweet- 
liquor ” resulting from the washing of the boiling-pans, &c., all become mixed together in the 
skimmings-receiver, and are fermeuted under the name of “ skimmings.” They also contain the 
elements necessary for fermentation, and accordingly they very rapidly pass into a state of fer- 
mentation when left to themselves ; but, in consequence of the glutinous matters beinw in excess 
of the sugar, this latter is speedily decomposed, and the second, or acetous fermentation, 'commences 
very frequently before the first is far advanced. Dunder is the fermented wash after it has under- 
gone distillation, by which it has been deprived of the alcohol it contained. »To be cood it should 
be light, clear, and slightly bitter; it should be quite free from acidity, and is always best when 
fresh. As it is discharged from the still, it runs into receivers placed on a lower level, from which 
it is pumped up when cool into the upper receivers, where it clarifies, and is then drawn down into the 
fermenting cisterns as required. Well-clarified dunder will keep for six weeks without any injury. 
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Good dnnder may be considered to be the liquor, or “ wash,” as it is termed, deprived by distillation 
of itsalcohol, and much concentrated by the boiling it has been subjected to ; whereby the substances 
it contains, as gluten, gum, oils, &c., have become, from repeated boilings, so concentrated as to 
render the liquid mass a highly aromatic compound. In this state it contains at least two of the 
elements necessary for fermentation, so that, on the addition of the third, viz. sugar, that process 
speedily commences. 

The first operation is to clarify the mixture of molasses and shimmings previous to fermenting 
it. This is performed in a leaden receiver holding about 300 or 400 gallons. When the clarifica- 
tion is complete, the clear liquor is run into the fermenting vat, and there mixed ’ with 100 or 200 
gallons of water (hot, if possible), and well stirred. The mixture is then left to ferment The 
great object that the distiller has in view in conducting the fermentation is to obtain the largest 
possible amount of spirit that the sugar employed will yield, and to take care that the loss by 
evaporation or acetification is reduced to a minimum. In order to ensure this, the following course 
should be adopted. The room in which the process is carried on must be kept as cool as it is 
possible in a tropical climate ; say, 24° to 27°. Supposing that the fermenting vat has a capacity 
of 1000 gallons, the proportions of the ditferent liquors run in would be 200 gallons of well- 
elarified skimmings, 50 gallons of molasses, and 100 gallons of clear dunder ; they should be well 
mixed together. Fermentation speedily sets in, and 50 more gallons of molasses are then to be 
added, together with 200 gallons of water. When fermentation is thoroughly established, a further 
400 gallons of dunder may be run in, and the whole well stirred up. Any scum thrown up 
during the process is immediately skimmed off. The temperature of the mass rises gradually until 
about 4° or 5° above that of the room itself. Should it rise too high, the next vat must be 
set up with more dunder and less water ; if it keeps very low, and the action is sluggish, less must 
be used next time. No fermenting principle besides the gluten contained in the wash is required. 
The process usually occupies eight or ten days, but it may last much longer. Sugar planters are 
Bcxmstomed to expect 1 gallon of proof rum for every gallon of molasses employed. On the supposi- 
tion that ordinary molasses contains 65 parts of sugar, 32 parts of water, and 3 parts of organic 
matter and salts, and that, by careful fermentation and distillation, 33 parts of absolute alcohol 
may be obtained, we may then reckon upon 33 lb. of spirit, or about 4 gallons, which is a yield of 
about 5| gallons of rum, 30 per cent, over-proof, from 100 lb. of such molasses. 

The operation of distilliug is often carried on in the apparatus represented in Fig. 184. It is 
termed the Patent Simplified Distilling Apparatus; it was originally invented by Corty, but 
it has since undergone much improvement. A is the body of the still, into which the wash is 
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put; B, the head of the still; ccc three copper plates fitted upon the upper part of the three 
boxes ; these are kept cool by a supply of water from the pipe E, which is distributed by means 
of the pipes G G G. The least pure portion of the ascending vapours is condensed as it reaches the 
lowest plate, and falls back, and the next portion as it reaches the second plate, while the purest 
and lightest vapours ^iss over the goose-neck, and are condensed in the worm. The temperature 
of the plates is regulated by altering the flow of water by means of the cock F. For the purpose 
of cleaning the apparatus, a jet of steam or water may be introduced at a. A gas apparatus 
is affixed at the screw-joint H, at the lower end of the worm, which addition is considered 
an important part of the improvement. The part of the apparatus mtuked I becomes filled 
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soon after the operation has commenced : the end of the other pipe K is immersed in water in the 
vessel L. The advantage claimed for this apparatus is that the condensation proceeds in a partial 
vacuum, and that there is therefore a great saving in fuel. One of these stills, having a capacity 
of 400 gallons, is said to Wort off four or five charges during a day of twelve hours, furnishing a 
spirit B5 per cent, over-proof. 

Fig. 185 represents a double still which is largely employed in the colonies. It is simply an 
addition of the common still A to the patent still B. From time to time the contents of B are run 
otr into A, those of A being drawn 
off as dunder, the spirit from A 
passing over into B. Both stills 
are heated by the same fire ; and 
it is said that much fine spirit 
can be obtained by their use at 
the expense of a very inconsider- 
able amount of fuel. In J amaica, 
however, nothing is likely to 
supersede the common still and 
double retorts, shown in Fig. 1S6. 

It is usually the custom to pass 
the tufie from the second retort 
through a charger containing 
wash, by which means the latter 
is heated previous to being in- 
troduced into the still ; the tube 
then proceeds directly to the 
worm-tank. With an arrange- 
ment of this kind, a stdl hold- 
ing 1000 gallons should produce 
500 gallons of rum (30 to 40 per cent. over-piooO, between the hours of five in the morning and 
eight in the evening. The first gallon of spirit obtained is termed “ low wines,” and is used for 
charging the retorts, each of which contains 15 to 20 gallons. After this, rum of 40 to 45 per cent, 
over-proof flows into clean cans or other vessels placed 
to receive it. 

Alcohol from Graijt. — The different cereals con- 
stitute a very important source of alcohol in this 
country and also in Belgium, Holland, Germany, 
and America. The spirit obtained fiom them is 
termed “ grain spirit ; ” large quantities of that dis- 
tilled in England are sent to London for the prepara- 
tion of gin, the remainder going to the Scotch and 
Irish whiskey distilleries. The cereals contain an 
amylaceous or starchy substance, which, under the 
influence of diastase, is converted iuto fermentescible sugar. The quantity of sugar,, and conse- 
quently the yield of alcohol, produced from each variety differs widely. The following table shows 
the results which may bo obtained from good workmanship : — 




100 kUos. wheat 


give 32 litres pure alcohol. 


rye .. .. 

• ’ jj 

28 

91 


barley . . 

• • 11 

25 

11 


oats 

• • 11 

22 



buckwheat . . 

•• 11 

2a 



maize 

91 

25 

91 

91 

rice 

• ‘ 91 

35 

11 

19 


From this it will be seen that rice, wheat, rye, and maize are more frequently employed than 
the rest ; barley and buckwheat are added to these in some proportions. Oats, owing to their high 
price, are rarely used, except for the purpose of giving an aroma to the alcoholic products of the 
other grains. Some care is requisite in making choice of the grbiins for fermentation. The wheat 
selected should be farinaceous, heavy, and dry. The barley should be free from chaff, quite fresh 
and in fine large grains of bright colour. Bice, which of all grains is the ^ost productive to the 
distUler, should be dull white, slightly transparent, without odour, and of a fresh farinaceous taste • 
the rice of commerce is chiefly supplied from the East Indies, Piedmont, and the United States. 

The flour, or farinaceous part of grain, is composed essentially of starch, gluten, albumen, 
mucilage, a little sugar, and traces of inorganic salts. 
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The following table shows the proportions of these substances in the commonest grains : — 


Grains. 

Starch. 

Gluten and 
other 
Azotized 
Substances. 

Dextrine, 
Glucose, and 
similar 
Substances. 

Fatty Mat^. 

Cellulose. 

Inorganic 

Salts. 

(Silica, Phos- 
phates, &c.). 

Wheat (average of five! 
varieties) j 

65-99 

18-03 

7-63 

2-16 

3-50 

2-69 

Eye 

65*t)0 

13-50 

12-00 

2-15 

4-10 

2-60 

Barley 

65-43 

13-96 

10-00 

2-76 

4-75 

3-10 

Oats 

60-59 

14-39 

9-25 

5-50 

7-06 

3-25 

Indian corn 

67-55 

12-50 

4-00 

8-80 

5-90 

1-25 

Eice 

89-15 

7-05 

1‘00 

0-80 

1-10 

0-90 


Under certain conditions, the albumen or gluten contained in the grain has the power of 
conyerting starch into saccharine matter ; this change is, however, better etfected by a mineral acid, 
by germinated barley, or by diastase. This latter substance is a principle developed during the 
germination of all cereals, especially of barley. It has the remarkable property of reacting upon 
starchy matters, converting them, first, into a gummy substance, called dextrine, and then into 
glucose, or grape sugar. This principle does not exist in the grain before germination. Its action 
upon starch or flour made into a paste is very remarkable; 50 grains of diastase are sufficient to 
convert 100 kUos. of starch into glucose. The rapidity with which the change is effected depends 
upon the quantity of water employed, and the degree of heat adapted to the operation. Diastase is 
generally prepared from barley, as this grain germinates more readily and develops a larger pro- 
portion than any other. 

There are six processes to which the grain must be subjected before it is ready for fermentation. 
They are — (I) Steeping, (2) Germination, (3) Drying the malt, (i) Grinding, (5) Slashing, and (6) 
Infusion. We shall briefly notice each of these operations. 

Steeping . — This operation, which requires much attention, is conducted in a wooden vat, or stone 
tank, lined with hydraulic cement. The grain is placed in the tank and covered with river or well 
water for a space of 30 or 40 hours, according to the temperature of the atmosphere, the quality or 
dryness of the grain, and the character of the water. In very warm weather, the water should be 
changed every four or six hours, by running it out through a hole in the bottom of the vat, and 
running in fresh at the top ; this is done in order to prevent fermentation from setting in 
prematurely. When the grain swells, and yields readily when crushed between the fingers, it has 
been sufficiently steeped, and the water is run off finally. 

Germination . — After the water has run off, the grain is allowed to drain for a few hours, and is 
then conveyed to the malt-house. This is kept constantly at a temperature of 12°, and is always 
paved with stone. Here the grain is arranged in beds of two or three feet in thickness, until it 
becomes sensibly heated. Some hours after these beds have been prepared, a vital movement 
commences in the grain, attended by a considerable elevation in temperature, which increases 
gradually until it is about 7° or 8° higher than that of the room itself. During this time the grain 
absorbs oxygen, and gives out carbonic acid with much rapidity ; it also becomes moist, and gives 
out a peculiar, somewhat agreeable, odour. The grain must not be allowed to become too warm, 
and shonld be turned over every six or eight hours, until germination begins, and then every three, 
four, or five hours, according to the temperature ; this should always be maintained at about 15° or 
16°. The whole process occupies fiom eight to fifteen days, according to the season ; it is over 
when the little roots have attained a length equal to about two-thirds ot that of the grain. 

Drying the Malt . — This is effected in a room Cidled a kiln. Here the grain is spread out in a 
layer about 12 in. thick, and subjected to a temperature beginning at 35°, but increasing to 55° or 
60°, until the grain is nearly dry, when it may be still further raised to 80° or 90°. The germinated 
and dried barley is called malt ; it is known to be of good quality when the grain is round and full 
of flour ; wlieu the skin is very thin ; and when it has an agreeable odour and sweetish taste. Pale 
malt, or that which has not been altered in colour by heat, is the heaviest and best for 
distillation. 

Grinding.— 'The dried malt must be coarsely ground on a mill, in order that none of the grains 
may escape fermentation ; it is not necessary that they should be reduced to flour. If the grain be 
raw or unmalted, it must be ground more finely, so that it may be thoroughly penetrated by water, 
in the subsequent operations, and the starch more readily converted into sugar by the action of the 
diastase. The grain must not be ground until it is required for use, as it is liable to become musty, 
in which condition it l^es much of its fermentescible property. 

Mashing . — After being crushed, the malt, together with the other grains, is placed in a vat, and 
warm water is run in, in small quantities at a time, iu about the proportion of a litre to every kilo, 
of flour ; its temperature should be about 35° to 38°. During the entrance of the water the mass is 
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well stiireJ, so as to cause the whole of the grain to be thoroughly soaked, and to prevent the 
formation of lumps. The vat must then be covered tightly and left for twenty or thirty minutes. 

It usually requires three mashings to extract the whole of the saccharine and fermentescible 
matters contained in th^grain. In some places, it is customary to boil down the liquors from the 
three mashings until they have acquired a specific gravity of about 1 ■ 05, the liquor from a fourth 
wash being kept back for the next mashing. Some distillers use enough water in the first two 
mashings to bring the whole to the correct degree for fermentation, the liquors from the third and 
fom-th being boiled down to the same density and then added to the rest. In a large Glasgow 
distillery, the charge for the mash-tun is 2G0 cwts. of grain together with the proper proportion of 
malt. Two mashings are employed, about 28,300 gallons of water being required ; the first wash- 
ing has a temperature of 00°, and the second that of 80°. In Dublin, the proportion of malt * 
employed is only about one eighth of the entire charge. One mashing is employed, and the 
temperature of the water is kept at about 62°. The subsequent mashings are kept for the next 
day’s brewing. 

Infusion . — The object of this important operation is the conversion of the starch of the grain into 
sugar by means of the diastase contained in the malt. To eftect this, boiling water must be poured 
into the vat untU the temperature of the mass reaches about 60° or 70°, the whole being well 
stirred meanwhile : when this temperature has been reached, the vat is again covered and left to 
stand for four hours, during which time the temperature should, if possible, be maintained at 60°, 
and on no account suffered to fall below 50°, in order to avoid the inevitable loss of alcohol 
consequent upon the acidity always produced by so low a temperature. In cold weather the heat 
should, of course, be considerably greater than in hot. It should be also remarked that the greater 
the quantity of water employed, the more complete will be the saccharification, and the shorter the 
time occupied by the process. 

Having undergone all the above processes, the wash is next drawn from the mash tin into 
a cistern, and from this it is pumped into coolers placed at the top of the building. These coolers 
consist of shallow iron vessels, or, in some cases, of copper tubes kept cool by water. When the 
wash has acquired the correct temperature — viz. from 20° to 26°, according to the bulk operated 
upon — it is run down again into the fermenting vats situated on the floor beneath. 5 or 6 litres of 
liquid, or 2 J to 3 kilos, of dry brewer's yeast are then added for eve] y 100 kilos, of grain ; the vat is 
securely covered, and the contents are left to ferment. The process is complete at the end of four 
or five days, and if conducted under favourable conditions there should be a yield of about 28 litres 
of pure alcohol to every 100 kUos. of grain employed, 

187 . 



The apparatus used in England for the distillation of grain-spirit is knr^n as “ Coffey’s ” still ; 
and is shown in Fig. 187. It consists of two columns, C D E P and G H J K, placed side by side, 
and above a rectangular chamber, containing a steam-pipe b from the boiler A. This chamber is 
divided into two compartments by a horizontal partition, pierced with small holes, and furnished 
with four safety-valves eeee. The column C D E F, called the analyzer, is divided into twelve small 
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compartments, by means of horizontal partitions similar to the one beneath, also pierced with holes 
and each provided with two little valves /. The spirituons vaponrs passing np this column are led by 
a pipe to the bottom of the second column or rectifier. This column is also divided into compart- 
ments in precisely the same way, except that there are fifteen of tffem, the ten lowest being 
separated by the partitions k, wliich are pierced with holes. The remaining five partitions are not 
perforated, but have a wide opening as at w, for the passage of the vapours. Between each of these 
partitions passes one bend of a long zig-zag pipe in, beginning at the top of the column, winding 
downwards to the bottom, and finally passing upwards again to the top of the other column, so as to 
discharge its contents into the highest compartment. The apparatus works in the following way : — 
The pump Q is set in motion, and the zig-zag pipe then fills with the wash or fermented liquor until 
it runs over at The pump is then stopped, and steam is introduced through b, passing up 
through the two bottom chambers and the short pipe z into the analyzing column 0 D E P, finally 
reaching the bottom of the other column by means of the pipe i. Here it surrounds the coil pipe 
containing the wash, so that the latter becomes rapidly heated. When several bends of the pipe 
have become heated, the pump is again set to work, and the hot wash is driven rapidly through the 
coil and into the analyzer at n'. Here it takes the course indicated by the arrows, running down 
from chamber to chamber until it reaches the bottom ; none of the liquor finds its way through the 
perforations in the various partitions, owing to the pressure of the ascending steam. In its course 
downwards the wash is met by the steam, and the whole of the spirit which it contains is thus 
converted into vapour. As soon as the chamber B' is nearly full of the spent wash, its contents are 
run off into the lower compartment by opening a valve in the pipe V. By means of the cock N, they 
are finally discharged from the apparatus. This process is continued until all the wash has been 
pumped through. 

The course taken by the steam will be readily understood by a glance at the figure. When it 
has passed through each of the chambers of the analyzer, the mixed vapours of water and spirit 
pass through the pipe i into the rectifying column. Ascending again, they heat the coiled pipe m, 
and are partially deprived of aqueous vapours by condensation. Being thus gradually concentrated, 
by the time they reach the opening at W they consist of nearly pure spirit, and are then condensed 
by the cool liquid in the pipe falling upon the partition s, and being carried away by the pipe y to 
a refrigerator. Any uncondensed gases pass out by the pipe R to the same refrigerator, where they are 
deprived of any alcohol they may contain. The weak liquor condensed in the different compart- 
ments of the rectifier descends in the same manner as the wash descends in the other column ; as it 
always contains a little spirit, it is conveyed by means of the pipe 8 to the vessel L in order to be 
pumped once more through the apparatus. 

Before the process of distillation commences, it is usual, especially when the common Scotch 
stills are employed, to add about 1 lb. of soap to the contents of the still for every 100 gallons of 
wash. This is done in order to prevent the liquid from boiling over, which object is effected in the 
following way : — The fermented wash always contains small quantities of acetic acid ; this acts upon 
the soap, liberating an oily compound which floats upon the surface. The bubbles of gas as they rise 
from the body of the liquid are broken by this layer of oil, and hence the violence of the ebullition 
is considerably checked. Butter is sometimes employed for the same purpose. 

When the still contains a charge of about 8000 gallons, distillation is carried on as quickly as 
possible until about 2400 gallons have passed over. This portion possesses but little strength, 
and is known as “ low wines.” The remainder of the 8000 gallons is received in another vessel for 
re-distillation, and the low wines are also re-distilled in another still, until the product acquires 
an unpleasant taste and smell ; these, which are then called “/amts," are collected in a vat called the 
‘‘/amts hack, ’ mixed with the impure portions of the first distillation, diluted with water, and 
re-distilled. The product of a farther distillation then yields finished spirit. 

In addition to the apparatus already described, the following vessels are employed in the British 
grain distilleries : — 

A wash charger, or close-covered vat, the capacity of which must not be less than half that of 
the largest fermenting vat. This vessel is connected with the still by a close metal pipe, with a 
branch to each still provided with cocks. One end of this pipe is fixed to the bottom of the wash 
charger, and the end of each branch is fixed into the still. The wash charger has also another 
pipe fitted with a cock, one end of which is fixed to the pipe or trough communicating with the 
fermenting vats ; it also communicates wiith another vessel, called the faints receiver, by means of a 
close pump or metal pipe and stopcock. 

If the still used be of such kind that the products of the first distillation are low wines, another 
vessel, called a l<yw wines receiver, most be used. This is a covered vessel, having a pump and 
discharging cock fixed in it for the conveyance of low wines from the receiver into the low wines 
and faints charger. There is also a close metal pipe, attached to and leading directly from a 
safe at the end of the worm, and fixed into the low wines receiver, so that all low wines running 
into this pipe from the safe shall immediately be discharged into the receiver. This safe is a close 
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vessel into which the low wines, faints, and spirits are made to mn as they leave the worm ; it is 
kept enclosed and secured for the inspection of the excise oiBcers whenever necessary. 

The faints receiver is a covered vessel with a pump or discharging cock fixed in it for the con- 
veyance of faints into the low wines and faints cliarger, and there is a close metal pipe attached to 
and leading from the safe mentioned above, and fixed into the faints receiver, so that all faints 
running into this pipe from the safe shall be immediately discharged into the receiver. The Imv 
wines and faints charger alluded to above is another covered vessel connected with the still by a 
close metal pipe and cock ; one end of this pipe is fixed into the bottom of the charger and the 
other into the still. This charger communicates directly with the low wines and faints receiver 
respectively, by pipes, one end fixed to the charger, and the other to the pump or discharging 
cock. 

The spirit receiver is another covered vessel, communicating only with the safe by means of a 
metal pipe. The spent lees receiver is a vessel connected with the low wines still by a pipe. This 
vessel has another opening at about one-ttird of its depth from the top, covered and secured by an 
internal metal plate, perforated with circular holes of not more than four-tenths of an inch in 
diameter. When intermediate still chargers are used, they are covered vats, and are connected by 
pipes with the wash charger and the still. 

Alcohol prom Beet. — Beet contains 85 per cent, of water, and about 10 per cent, of sugar, the 
remainder being woody fibre and albumen. The conversion of the sugar into alcohol is effected 
in several different ways, of which the following are the principal : — (1) By rasping the roots 
and submitting them to pressure, and fermenting the expressed juice; (2) By maceration with 
water and heat ; (.S) By direct distillation of the roots. 

Bg Rasping and Pressure.— The spirit obtained by this process is much preferable to that obtained 
by the others, but it is considerably higher in price, as it requires a larger stock and much more 
labour. The process is adopted chiefly in the large sugar factories, where all the necessary utensils are 
always at hand, and the only additional expense incurred is the distilling apparatus. The roots 
are washed, rasped, and pressed exactly as in the manufacture of sugar (see Sugar). By this means, 
80 or 85 per cent, of juice is obtained, but this proportion is much increased by permitting a 
stream of water to flow upon the rasping instrument. The utmost cleanliness is essential to these 
processes; all the utensils employed should be washed daily with lime-water to counteract acidity. 
Before fermentation, the juice from the rasp and the press is brought into a boiler and heated by 
steam to about 28° ; at this temperature it is run off into the fermenting vats. Here it is necessary 
to add to the juice a small quantity of concentrated sulphuric acid, for the purpose of neutralizing 
the alkaline salts which it contains, and of rendering it slightly acid in order to hasten the process ; 
this quantity must not exceed 2i kilos, to every 1000 litres of juice, or the establishment of 
fermentation would be hindered instead of promoted. The addition of this acid tends also to 
prevent tlie viscous fermentation to which the juice obtained by rasping and pressure is so liable. 
Although the beet contains albumen, which is in itself a ferment, it is necessary, in order to 

develop the process, to have recourse to artificial means. A small quantity of brewer’s yeast 

about 50 grammes per 100 litres of juice — is sufficient for this ; the yeast must previously be mixed 
with a little water. An external temperature of about 20° must be carefully maintained. 

The fermentation of acidulated beet-juice sets in speedily. The chief obstacle to the process is 
the mass of thick scum which forms upon the surface of the liquor. This difficulty is sometimes 
obviated by using several vats and mixing the juice, while in full fermentation, with a fresh 
quantity. Thus, when three vats are employed, one is set to ferment; at the end of four or six 
hours, half its contents are run into the second vat and here mixed with fresh juice. The process 
is arrested, but soon starts again in both vats simultaneously; the first is now allowed to ferment 
completely, which is effected with much less diflSculty than would have been the case had the vat 
not been divided. Meanwhile the second vat, as soon as the action is at its height, is divided in 
the same manner, one-half its contents being run into the third. When this method is employed, 
it is necessary to add a little yeast from time to time wlieu the action becomes sluggish. 

By Jfiiiccrahon.— The object of this process is to extract from the beets by means of water or spent 
liquor all the sugar which they contain, without the aid of rasping or pressure Spirit is thus 
produced at considerably less expense, although it is not of so high a quality as that yielded by the 
former process. The operation consists in slicing up the beets with a root-cutter, and then blow- 
ing the slices to macerate in a series of vats at stated temperatures. It is essential that the knives by 
which the roots are cut should be so arranged that the roots are divided into slices having a width 
of 1 centimetre and a thickness of 1 millimetre, and a variable length ; the roots are, of course well 
washed before being placed in tl.e hopper of the cutter. When cut, the beets are covered with 
boilmg water in a macerator of wood or iron for one hour ; the water should contain 2 kilos of 
sulphuric acid to every 1000 kilos, of beets. After this, the water is drawn off into a second vat in 
which are placed more beets, and allowed to macerate again for an hour. This is repeated a third 
tune in another vat, and the juice, which has now acquired a density equal to that obtained by 
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rasping, is run off into the fermenting vat. When the first vat is empty it is immediately refilled 
with boiling water and fresh beets; the juice from this operation is run into the second vat, when 
the contents of that one are run into the third. To continue the operation, the beets are completely 
exhausted by being macerated for an hour with a third charge of boiling water (acidulated as in 
the former case). Tlie exhausted pulp is removed to make room for fresh slices ; and the first vat 
is then charged witli juice which has already passed through the second and third vats. After 
macerating tlie fresh beets for one hour, the charge is ready for fermentation. In ordinary weather, 
the juice sliould now be at the right heat for this process, viz. about 22° or 24°, but in very cold 
weather it may require some re-heating. The fermentation is precisely similar to that of the 
pressed juice and calls for no special remark. It is usually complete in from 24 to SO hours. 

• By direct Distillatim of the Boots. — This process, commonly called “ Leplay’s method,” consists in 
fermenting the sugar in the slices themselves. The operation is conducted in huge vats, bolding as 
large a quantity of matter as possible, in order that the fermentation may be established more easily- 
They usually contain about 36 hectolitres, and a single charge consists of 1000 kilos, of the sliced 
roots. The slices are placed in porous bags in the vats, containing already about 20 hectolitres of 
water acidulated with a little sulphuric acid ; and they are kept submerged by means of a perfo- 
rated cover, which permits the passage of the liquor and of the carbonic acid evolved ; the tem- 
perature of the mixture should be maintained at about 25° or 27°. A little yeast is added, and 
fermentation speedily sets in ; it is complete in about twenty-four hours or more, when the bags are 
taken out and replaced by fresh ones; fermentation declares itself again almost immediately, and 
without any addition of yeast. New bags may, indeed, be placed in the same liquor for three or 
foru successive fermentations without adding further yeast or juice. 

The slices of beets charged with alcohol are now placed in a distilling apparatns of a very 
simple nature. It consists of a cylindrical column of wood or iron, fitted with a tight cover, which 
is connected with a coil or worm, kept cool in a vessel of cold water. Inside this column are 
arranged a row of perforated diaphragms or partitions. The space between the lowest one and the 
bottom of the cylinder is kept empty to receive the condensed water formed by the steam, which is 
blown into the bottom of the cylinder in order to heat the contents. Vapours of alcohol are thus 
disengaged from the undermost slices, and these vapours as they rise through the cylinder vaporize 
the remaining alcohol, and finally pass out of the top at a considerable strength and are condensed 
in the worm. When all the contents of the still have been completely exhausted of spirit, the 
remainder consists of a cooked pulp, which contains all the nutritive constituents of the beet except 
the sugar. 

Alcohol from Potatoes. — The distillation of spirits from potatoes is chiefl)' carried on in Germany 
and has of late years assumed considerable dimensions. Potatoes contain from 16 to 20 per cent, of 
starch, which is capable of being converted into glucose by the action of sulphuric acid or of malt. 
Three principal methods of effecting the saccharification of potato-starch are in use ; (I) the potato 
may be baked, and then crushed into a pulp ; or (2) it may be rasped to bring about the same 
result ; or (3) the starch may be extracted and converted into sugar nfterward,s. 

1. In the first method, there are several different operations, viz. cooking the potatoes ; crushing 
them ; converting the starch into sugar by means of malt ; and, finally, fermentation and 
distillation. 

The operation of cooking is carried on in an apparatus consisting of a boiler set in brickwork, 
which is surmounted by a tun or vat. made of oak staves firmly bound together. The bottom 
of the tun, which must be of solid wood, is perforated with a large number of small square holes,, 
to give admittance to the steam from below. The potatoes placed in this tun are rapidly cooked by 
the ascending steam ; they are then withdrawn and crushed into a thick pulp between two rollers, 
commonly made of oak, and placed below the level of the tun. As the potatoes swell considerably 
during the steaming, the tun should never be completely filled. 

The pulp or paste thus made is now placed in a vat, bolding about 30 or 40 hectolitres, in which 
the saccharification takes place. About 1000 kilos, of the crushed potatoes and 70 kilos, of broken 
malt are introduced, and immediately afterwards water is run in at a temperature of about 36° to 
40°, the contents being well stirred with a fork meanwhile. The vat is then carefully closed for 
half an hour, after which boiling water is added until the temperature reaches 60°, when the whole 
is left for three or four hours. The process of fermentation is conducted in the same vat. Alternate 
doses of cold and boiling water are run in upon the mixture, until the quantity is made up to 32 or 
35 hectolitres, according to the size of the vat, and so as finally to bring the temperature to 24° or 
26°. Two and a half or three litres of liquid brewer’s yeast are then added, and fermentation 
sp jdily sets in. This process complete, the fermented pulp is distilled in the apparatus devised 
by Cellier-Blumenthal for distilling materials of a pasty nature ; the product has a very unpleasant 
odour and taste. 

2. By rasping the potatoes in a machine, the expensive operations of cooking and separating the 
starch are avoided. In this operation, the potatoes, after having been washed, are thrown into a 
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rasping machine similar to those employed in tlie sugar manufactories. If 1000 kilos, of potatoes 
be worked at once, a vat must be employed haying a capacity of 22 to 25 hectolitres and a perforated 
false bottom on which is spread a layer of straw. The vat is charged with 1000 kUos. of potatoes, 
which are allowed to stand for half an hour in order to get rid of a portion of the water they contain. 
After this, 1000 to 1200 litres of boiling water are run in, and then 70 kUos. of malt are added ; the 
whole is stirred up and left to macerate for three or four hours. This done, the liquid is drawn off 
from beneath into the fermenting vat; the pulp is drained for a quarter of an hour, and the 
drainings are added to the liquor previously run off. Five hundred litres of boiling water are now 
run in upon the pulp, which is again stirred up ene^etically. After remaining some little time, 
the water is again drawn off, the pulp drained and washed anew with 500 litres of cold water, with 
agitation. This is again drawn off, and the whole of the water with the drainings is mixed up in » 
the fermenting vat Two kilos, of yeast are then added, and the contents of the vat are left to 
ferment. Only the liquor is fermented by this process, but the spirit yielded is nearly as unpleasant 
to taste and smell as that obtained by the former process. 

3. The only means of obtaining alcohol of good quality from the potato is to extract the starch 
and to couvert it into sugar separately. The saccharification of the starch may be effected either 
by means of sulphuric acid or of diastase, the latter being decidedly preferable. In a vat of 30 hec- 
tolitres capacity are mixed together 1000 litres of cold water, 500 kilos, of dry or 750 kilos, of moist 
starch. The mixture is well agitated, and 1700 litres of boiling water are run in, together with 75 
to 80 kilos, of malt; the whole is stirred up energetically for ten minutes and then left to saccharify 
for three or four hours. The saccharine solution obtained must be brought to 6° or 7° Baume at a 
temperature of 22° or 24°, and 500 grm. of dry yeast are added for every 1000 litres of must. 
Fermentation is soon established and occupies usually about thirty-six hours. After remaining at 
rest for twenty-four hours, the must is distilled. One hundred kilos, of starch ought to yield 35 to 
40 litres of pure alcohol, or 40 to 45 litres of alcohol at 90°. 

Bectipioation. — The product of the distillation of alcoholic liquors, termed low wine, does 
not usually contain alcohol in sutficient quantity to admit of its being employed for direct con- 
sumption. Besides this it always contains substances which have the property of distilling over 
with the spirit, although their boiling points, when in the pure state, are much higher than that 
of alcc'hol. These are all classed under the generic title of fusel-oil : owing to their very disagree- 
able taste and smell, their presence in spirit is extremely objectionable. In order to remove them, 
the rough products of distillation are submitted to a further process of concentration and pni ification. 
Besides fusel-oil, they contain other substances, such as aldehyde, various ethers, &o., the boiling 
points of which are lower than that of alcohol; these must also be removed, as they impait to 
the spirit a fiery taste. The whole process is termed rectification, and is carried on in a distillatory 
apparatus. Heat is first applied gradually, in order to remove the most volatile impurities, and to 
concentrate them in the first portion of tlie distillate. When the spirit coming over possesses no 
objectionable odour, it is caught separately as long as it is of sufficient strength. The receiver is 
then changed again and the remainder is collected apart, as weak spirit which contains much fusel- 
oil ; the first and last runnings are then mixed together and re-distilled with the next charge. 
When a strong spirit is required, rectification may be repeated severai times. It is customary, 
however, with the improved apparatus of modem times, to produce at the outset si>irit containiug 
but little fusel-oil and at least 80 per cent, of alcohol ; this is then purified and concentrated in the 
above manner, and afterwards reduced with water to the required strength. 

, Another cause of the offensive flavour of the products of distillation is the presence of various 
acids, which exist in all fermented liquors ; they are chiefly tartaric, malic, acetic, and lactic acids. 
The excessive action of heat upon liquors which have been distilled by an open fire has also a 
particularly objectionable influence upon the flavour of the products. 

The first operation in the process of rectification is to neutraiize the above-mentioned acids ; 
this is effected by means of milk of lime, which is added to the liquor in quantity depending upon 
its acidity ; the point at which the neutralization is complete is determined by the use of litmus 
paper. In the subsequent process of distillation, the determination of the exact moments at which 
to begin and to cease collecting the pure spirit is very difficult to indicate. It must be regulated 
by the nature of the spirits ; some may be pure twenty or thirty minutes after they have attained 
the desired strength ; and some only run pure an hour, or even more, after this point. The 
product should be tasted frequently, after being diluted with water, or a few drops may be 
poured into the i)alm of the hand, and after striking the hands together, it will be known by the 
cdour whether the spirit be of good quality or not ; these two means may be applied simultaneously. 

The process of rectification is usually carried on in the apparatus shqjvn in Figs. 188 and 189. 
A is a still which contains the spirit to be rectified ; it should be four-fifths full. The condenser E 
and the cooler G are filled with water. After closing the cocks F and I, the contents of the 
still are heated by steam, which is introduced at first slowly. The vapours of spirit given off pass 
above the plates a of the column B, and escape through C and D into the condenser E, where they 
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are condensed on reaching the lentils d it, and return in a liquid state through // and gg’ to the 
upper plates of the column B. In these return pipes the liquid is volatilized, and constantly re- 
charged with alcohol to be again condensed, until the water in the condenser is hot enough to 
permit the lighter alcoholic vapours to pass into the coil ccc, without being reduced to the liquid 
state. When this is the case, the vapours pass through F into the cooler G, where it undergoes 
complete condensation. Great care must be taken that the heat is not so great as to permit any of 
188 . 



the vapours to pass over tmeondensed, or to flow away in a hot state ; and also to keep up a constant 
supply of water in the cooler without producing too low a temperature ; the alcoholic products should 
run out just cold. The highly volatile constituents of the spirit come over first, that which follows 
becoming gradually purer until it consists of well-flavoured alcohol ; after this comes a product 
containing the essential oils. The more impure products are kept apart from the rest and re-dis- 
tilled with the next charge. Some hours generally elapse before alcohol begins to flow from 
the cooler. The purest alcohol is obtained while its strength is kept between 92° and 96° Baume, 
and the operation is complete when the liquid flowing through the vessel marks not more than 3° 
or 4° Baume ; it is better, however, to stop the still when the backing or “ faints ” indicate 10°, 
because the product after this point contains much fusel-oil, and is not worth collecting. 

In order to cleanse the apparatus— which should be performed after each working the still A 

is emptied of water by opening the cock 0. The contents of the condenser are then emptied in like 
manner by opening the cook J, through which they flow upon the plates in the column B, and wash out 
essential oils which remain in them. These two cocks are then closed, and the door U is removed. 
The water in the cooler G is then run by means of a pipe into the still A, so as partially to cover the 
steam-coU in the latter. After again securing the door U, a strong heat is applied, and the water in 
the still is well boiled, the steam evolved thoroughly cleansing all the different parts of the 
apparatus ; this is continued for fifteen or twenty minutes, when the heat is withdrawn and the 
still left to cool gradually. 

The capacity of the rectifying apparatus has a good deal of influence upon both the quantity 
and the quality of the spirit obtained. Besides being much more difficult to manage, a small 
apparatus will not yield so large a proportion of spirit as a more capacious one, nor will its products 
be of equally good flavour. The proportion of alcohol which may be obtained from a successful 
rectification is very variable ; it depends upon the nature of the spirit rectified, the method of 
extracting the sugar, and the manner of conducting the distillation ; it will also be in inverse 
proportion to the quantity of fusel-oil contained in the raw spirit. The average loss of pure 
alcohol during the process of rectification is generally estimated at about 5 per cent. 

The uses of alcohol are very numerous and varied, the principal being, of course, for the 
production of all alcoholic liquors, such as brandy, gin, rum, whiskey, liqueurs, &c. ; that distilled in 
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England fiom grain is almost entirely consumed in the manufacture of whiskey, gin, and British 
brandy. In the arts, strong alcohol is employed by the perfumers aud makers of essences for 
dissolving essential oils, soaps, &c., and for extracting the odour of flowers and plants ; by the 
varnish-makers for dissolving resins ; by photographers in the preparation of collodion ; by the 
pharmaceutists in the preparation of tinctures and other valuable medicaments ; by chemists in 
many analytical operations, and in the manufacture of numerous preparations; by instrument 
makers in the manufacture of delicate thermometers ; by the anatomist and naturalist as an anti- 
septic ; and in medicine, both in a concentrated form (rectified spirit), and diluted (proof spirit, 
brandy, &c.), as a stimulant, tonic, or irritant, and for various applications as a remedy. It is 
largely consumed in the manufactiure of vinegar ; and in the form of methylated spirit it is used 
in lamps for producing heat. It has, in fact, been employed for a multitude of purposes which it is ‘ 
almost impossible to enumerate. 

The common form of alcohol known as “ methylated spirit ” consists of alcohol to which one-tenth 
of its volume of wood spirit, or methylic alcohol, has been added, for the purpose of rendering the 
mixture undrinkable through its offensive odour and taste. Methylated spirit being sold duty free, is 
applied by chemical manufacturers, varnish makers, and many others, to a variety of uses, to which, 
from its greater cost, duty-paid spirit is commercially inapplicable. Its use, however, iu the pre- 
paration of tinctures, sweet spirits of nitre, &c., has been prohibited by law, the Pharmacopeia 
Committee of the Medical Council having expressed a decided opinion against the substitution of 
methylated spirit for rectified spirit iu any of the processes of the Pharmacopeia. It has often been 
attempted to separate the wood spirit from the alcohol, and thus to obtain pure alcohol from the mix- 
ture, but always unsuccessfully, as, although the former boils at a lower temperature than the latter, 
when boiled they both distil over together, owing probably to the difference of their vapour densities. 

As we have already stated, nearly all the alcohol made in England is distilled from grain. The 
whiskey distilleries are confined to Ireland and Scotland; but large quantities of the plain 
spirit is prepared in the distilleries in the West of England. Of these, there are several situate 
in Bristol and Plymouth, besides those in London and the neighbourhood. The manufacture of 
brandy, beet spirit, and liqueurs is carried on almost exclusively in Frarrce, that of potato spirit 
in Germany, of rum in Jamaica and the West Indies, of gin in Holland and the neighbourhood 
of London ; the former is called Hollands gin, to distinguish it from the latter, or British gin. 
Spirits from rice, sorghum, molasses, &e., are all prepared iu the East. In all countries, the manu- 
facture of alcohol in its various forms is distiibuted among a few distillers. 

All spirits distilled in England, Scotland, or Ireland, are called by the Board of Excise “ British 
spirits,” those which have not had any flavour communicated to them being known as “plain 
British spirits ; ” those which have been flavoured, and all liquors mixed with such spirits, are 
called “ British brandy ; ” and those which have been re-distilled or mixed with juniper berries 
caraway seeds, aniseed, or any other such preparation or ingredient, and all liquors which have’ 
been mixed with such spiiits, are called “ British compounds.” British spirits 43 per cent, over 
proof, as denoted by Syke’s hydrometer, and all spirits of a higher degree of strength, except those 
in a distiller s stock or duty-free warehouse, are called “ spirits of wine.” 

There are certain restriotioirs imposed upon the manufacture of spirits in Great Britain which 
it may be well to mention here. According to Act of Parliament, all distilleries must be situated 
in, or within a quarter of a mile of, a market town ; but the commissioners may, if they think 
fit, grant a licence for a distillery, if the distiller undertakes to provide lodging for the residence 
of the officers to be placed in charge of the distillery. No distiller in England may keep or use a 
still for making low wines or spirits, the body of which without the head shall be of less than 400 
gallons capacity. 

For every 100 gallons of wash made in any distillery, the distiller is charged with duty for a 
quantity of spirits at the rate of 1 gallon of proof spirit for every 5° of gravity with which the wash 
is attenuated. Duty is also payable upon the quantity of proof spirits found by the officer iu the 
low wines made from the distillation of any wash, after making an allowance of 5 per cent, on that 
quantity. It is further charged by the strength of the produce on the re-distillation of low wines 
into spirits and faints. 

The duty levied upon spirits is, at the present time. 7s. lOd. a gallon, proof strength. 

ALCOHOIiOMETBY.— The name given to a variety of methods of determining the quan- 
tity of absolute alcohol contained in spirituous liquors. It will readily be seen that a quick and 
accurate method of making such determinations is of the very utmost importance to those who are 
engaged in the liquor traffic, since the value of alcoholic liquors depends entirely upon the percent- 
age of alcohol which they contain. When such liquors consist of simple mixtures of alcohol and 
water, the test rs a simple one, the exact percentage being readily deducible from tlie specific 
gravity of the liquor ; this is obtained either by means of the specific gravity bottle (see Specific 
Gravity), or of hydrometers of various kinds, specially constructed. 
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At the latter end of the last century, a series of arduous experiments were conducted by Sir 0. 
Blagden, at the instance of the British Government, with a view to establishing a fixed proportion 
between the specific gravity of spirituous liquors and the quantity of absolute alcohol contained in 
them. The result of these experiments, after being carefully verified, led to the construction of a 
series of tables, reference to which gives at once the percentage of alcohol for any given number of 
degrees registered by the hydrometer ; these tables are invariably sold with the instrument. They 
are also constructed to show the number of degrees over- or under-proof, corresponding to the hydro- 
metric degrees. Other tables are obtainable which give the specific gravity corresponding to these 
numbers. 

The measurement of the percentage of absolute alcohol in spirituous liquors is almost invariably 
expressed in volume rather than weight, owing to the fact that such liquors are always sold by 
volume. Nevertheless, the tables referred to above show the percentage of spirit both by volume 
and weight. 

The standard liquor known as •proof spirit contains 49 "5 per cent, by weight, and .57 '27 per 
cent, by volume, of absolute alcohol; it has a specific gravity of '9186 at 15'’. The strength, and 
therefore the value, of spirituous liquors is estimated according to the quantity by volume of an- 
hydrous spirit contained in the liquor with reference to this standard. 

Thus the expressions “ 20 per cent, overproof,” “ 20 per cent underproof” 
mean that the liquor contains 20 volumes of water for every 100 volumes 
over or under this fixed quantity, and that in order to reduce tbe spirit 
to proof, 20 per cent, of water by volume must be subtracted or added, 
as the case may be. Any hydrometer constructed for the measurement of 
liquids of less density than water may be employed. That known as 
“ Syke’s ” is most commonly used in this country for alcoholometrie 
purposes, as it is the instrument prescribed for use by the Board of Excise. 

It is shown in Fig. 190, and consists of a spherical brass ball A, to which 
is fixed two stems ; the upper one B is also of brass, flat, and about 3J in. 
in length ; it is divided into ten parts, each being subdivided into five, 
and the whole being numbered as shown in the figure. The lower stem 
C is conical, and slightly more than an inch long; it terminates in a 
weighted bulb D. A series of circular weights, of the form shown in the 
figure, accompany the instrument ; these are slipped upon the top of the 
lower stem 0, and allowed to slip down until they rest upon the bulb D. 

The instrument is useA in the following way : — It is submerged in tbe 
liquor to be tested until the whole of the upper stem is under the surface, 
and an idea is thus gained of the weight that will be required to partly 
submerge the stem. This weight is added, and the hydrometer again 
placed in the liquor. Tbe figure on the scale to which the instrument 
has sunk when at rest is now observed, and added to the number on tbe 
weight used, the sum giving, by reference to the tables, the percentage by 
volume of absolute alcohol above or below the standard quantity. 

In exact estimations, the temperature of the liquor tested must be care- 
fully registered, and the necessary corrections made. In Jones’s hydro- 
meter, which is an improvement upon Syke s, a small spirit thermometer is attached to the bulb, 
and by noting the temperature of the liquor at the time of the experiment, and referring to the 
tables accompanying the instrument, the strength is found at once without the need of calculation. 

On the Continent, Gay-Lussac’s hydrometer and tables are chiefly used for alcoholometrie 
testing. This instrument is precisely similar in construction to those of Twaddle and Baume, 
described in the article on Acidimetry. On the scale, zero is obtained by placing it in pure dis- 
tilled water at 15°, and the highest mark, or 100, by placing it in pure alcohol at the same tempe- 
rature, the intermediate space being divided into 100 equal divisions, eaeh representing 1 per cent, 
of absolute alcohoL The correction for temperature, as in the above cases, is included in the 
reference tables. 

Another hydrometer, used in France for alcoholometrie determinations, is Cartier’s. In form 
it is precisely similar to Baume’s hydrometer. Zero is the same in both instruments, but the 
point marked 30° in Cartier’s is marked 32° in Baume’s, the degrees of the latter being thus 
diminished in tlie proportion of 15 or 16. Cartier’s hydrometer is only used for liquids lighter 
than water. 

In France, particul*- names have been adopted to denote spirituous liquors of different degrees 
of strength. The first products of distillation, registering 16° to 20° Cartier, are called “ Eau-de- 
vie.” At 19°, the spirit is called “■ Eau-de-vie ordinaire.” From 21° to 22°, it is called “ Eau- 
de vie forte.” Beyond this degree the alcoholic products take the name of “ esprits, ’ and the 
quantity of water which they contain is expressed by numbers in the form of a fraction. These 
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numbers show the quantity of water which must be added to every part of spirit to bring it to the 
state of “ Eau-de-vie ordinaire,” at 18°. Thus, spirit al 29° is called “ Esprit trois-cinq,” because 
by taking three volumes of this liquor and adding thereto two volumes of water, five volumes of 
spirit at 19° are obtained. Spirit at 33° is called “ Esprit trois-six ” because three volumes mixed 
with three volumes of water, produce six volumes of spirit at 19° Cartier. 

The above hydrometric methods can be safely employed only when the spirit tested contains a 
very small amount of solid matter, since, when such matter is contained in the liquor in quantity, the 
density alone cannot possibly afford a correct indication of its richness in alcohol. Many methods 
have been proposed for the estimation of alcohol in liquor, containing saccharine colouring and 
extractive matters, either in solution or suspension. Undoubtedly the most accurate of tliese, 
though at the same time the most tedious, is to subject the liquor to a process of distillation by 
which a mixture of pure alcohol and water is obtained as the distillate. This mixture is care- 
fully tested with the hydrometer, and the percentage of alcohol in it determined by reference to 
the tables as above described ; from this quantity and the volume of the original liquor employed 
the percentage by volume of alcohol in that liquor is readily found. The condensing arrangement 
must be kept perfectly cool, if possible in a refrigerator, as the edcohol in the distillate is very 
liable to be lost by re-evaporation. When great accuracy is desired, and time is at the operator's 
disposal, the above method is preferable to all others. 

It is performed in the following manner : — Three hundred parts of the liquor to be examined 
are placed in a small still, or retort, and exactly one-third of this quantity is distilled over. A 
graduated glass tube is used as the receiver, in order that the correct volume may be drawn over 
without error. The alcoholic richness of the distillate is then determined by any of tlie above 
methods, and the result is divided by three, which gives at once the percentage of alcohol in the 
original liquor. The strength at proof may be calculated from this in the ordinary way. 

If the liquor be acid, it must be neutralized with carbonate of soda before being submitted to 
distillation. Prom 8 to 10 p. rcent. of common salt must be added, in order to raise the boiling 
point, so that the whole of the spirit may pass over before it has reached the required measure. 
In the case of the stronger wines it is advisable to distil over 150 parts and divide by two instead 
of three. If the liquor be stronger than 25 per cent, by volume of alcohol, or above 52-54 per cent, 
underproof, an equal volume of water should be added to the liquid in the still, and a quantity 
distilled over equal to that of the sample tested, when the alcoholic strength of the distillate gives, 
without calculation, the correct strength required. If the liquor be stronger than 48-50 per cent, 
underproof, three times its volume of water must be added, and the process must be continued until 
the volume of the distillate is twice that of tlse sample originally taken. In each case the propor- 
tionate quantity of common salt must be added. 


Por the estimation of alcohol in wines, liqueurs, &c., the following mefliod is employed in the 
Inland Revenue and Customs laboratories: — A measuring flask is fllled up to a mark on its neck 
with the liquor under examination, which is then transferred to a retort ; the flask must be care- 
fully rinsed out with distilled water, and the rinsings added to the liquor in the retort. About two- 
thirds are then drawn over into the same measuring flask, and made up to its previous 
bulk with distilled water, at the same temperature as that of the sample before dis- 
tillation. The strength is then determined by means of Syke’s hydrometer, and this, 
if underproof, deducted from 100, gives the true percentage of proof-spirit in the wine. 

A quick, if not always very exact, method consists in determining the point 
at which the liquor boils. The boiling point of absolute alcohol being once deter- 
mined, it is obvious that the more it is diluted with water the neater will the 
boiling point of the mixture approach that of water; moreover, it has been proved 
that the presence of saccharine and other solid matters has but an almost inappre- 
ciable etfect upon this point. Pield’s alcoholometer, since improved by Ure, is based 
upon this principle. It is shown in Pig. 191, and consists, roughly speaking, of a 
cylindrical vessel A, to contain the spirit ; this vessel is heated from beneath by a 
spirit lamp, which fits into the case B. A delicate thermometer C, the bulb of 
■ which is introduced into the spirit, is attiched to a scale divided into 100 divisions, 
of which each represents one degree over- or under-proof. This method is liable 
to several small sources of error, but when a great many determinations have to be 
made, and Sliced is an object rather than extreme accuiacy, this instrument becomes 
exceedingly useful. It does not answer well with spirits aiove proof, because the 
variation in their boiling points are so slight as not to be easily observed with 
accuracy. But for liquors underproof, and especially for wines, beer, a»d other 
fermented liquors, it gives results closely approximating to those obtained by distil- 
lation, and quite accurate enough for all ordinary purposes. Strong liquors should therefore be 
tes ed with twice their bulk, and commercial spirits with an equal bulk, of water, the result 
obtained being multiplied by two or three, as the case may be. 
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Another very expeditions, but somewhat rough, method was invented by Geisler. It consists 
in measuring the tension of tlie vapour of the spirit, by causing it to raise a column of mercury 
in a closed tube. The very simple apparatus is shown in Fig, 192, A is a small glass bulb, fitted with 
a narrow tube and stop-cock. This vessel is completely filled with the spirit, and is then screwed 
upon a long, narrow tube B, bent at one end and containing mercury. This tube is 
attached to a graduated scale showing the percentage of absolute alcohol above or 
below proof. To make the test the cock is opened, and the bulb, together with the 
lower part of the tube, is immersed in boiling water, which gradually raises the spirit 
to its boiling-point. When this is reached, the vapour forces the mercury up the 
tube, and, when stationary, the degree on the scale to which it has ascended gives 
• directly the percentage of alcohol. 

Another method, which is not to be relied on for very weak liquors, but which 
answers well for cordials, wines, and strong ales, is that known as Brande’s method. 

The liquor is poured into a long, narrow glass tube, graduated centesimally, until it is 
half-filled. About 12 or 15 per cent, of snbacetate of lead, or finely powdered litharge, 
is then added, and the whole is shaken until all the colour is destroyed. Powdered 
anhydrous carbonate of potash is next added until it sinks undissolved in the tube, even 
after prolonged agitation. The tube is then allowed to rest, when the alcohol is observed 
to float upon the surface of the water in a well-defined layer. The quantity read off 
on the scale of the tube and doubled, gives the percentage by volume of alcohol in the 
original liquid. The whole operation may be performed in about five minutes, and furnishes 
reliable approximative results. In many cases it is necessary to add the lead salt for the purpose 
of decolorizing the liquid. 



AIiCOHOLIC IiIdlTOHS. — By “alcoholic liquors” is imderstood those spirituous drinks 
which are obtained by distillation, such as brandy, whiskey, rum, &c. : these only will be treated of 
in the present articles. The spirituous drinks which are the immediate products of fermentation, 
such as beer, cider, wine, &c., will be discussed later in the articles entitled “ Beverages.” Of the 
former class, some, as brandy and rum, are the immediate products of distillation ; others, as gin, 
and the various liqueurs, are prepared from alcohol previously obtained from the still. 

Absinth.. (Fa., Absinthe ; Geb., Wermuthextract). — Absint'i is tlie name given to on infusion 
of the Artemisia Absinthium, or, wormwood plant, in strong alohol. It is of a greenish colour, 
intensely bitter, and has a peculiar, penetrating odour. 

The manufacture of absinth is carried on chiefly in Switzerland in the town of Neufchatel, and 
at Lyons, Portarlier, and Montpellier. It is pr jpared by steeping the leaves and tops of wormwood 
in brandy or proof spirit ; other aromatic substances are added, and the whole is allowed to digest 
for some days. The leaves are then strained, and the liquid is distilled and flavoured "with some 
essential oil. The following is a recipe for the absinth of Neufchatel : — 

The leaves and tops of the wormwood plant, 4 lb. ; angelica root, calamus root, aniseed and 
dittany leaves, 1 oz. of each ; brandy or spirit (12 underproof), 4 gallons ; macerate for ten days, add 
a gallon of water, distil 4 gallons at a gentle heat, and dissolve in the distilled spirit 2 lb. of 
crushed white sugar ; flavour with a few drops of oil of anise. 

Absinth is constantly coloured with indigo, and occasio.nally with sulphate of copper ; chloride 
of antimony has also been found in it in small quantities. 

The following are recipes for absinth, as manufactured in different French towns : — 


Absinth of Lyons. (For 1 hectolitre) : — 

Large absinth (dried) 

Green anise 

Fennel : 

Angelica seed 

Alcohol (at 85°) 


3 kilos. 


500 grm. 
95 litres. 


Digest these ingredients for twelve hours in a water bath ; add 45 litres of water, close the appa- 
ratus, and distil off 95 litres; continue the distillation until all the spiiit has passed over, and 
keep the remainder for another operation. The distillate is then coloured by means of the following 
mixture : — 

Small absinth (dried) 1 kilo. 

Lemon balm (dried) 1 „ 

Hyfeop tops and flowers (dried) 500 grm. 

Dried veronica 500 „ 

The small absinth is cut up fine, and the balm and hyssop are reduced to powder ; they are then 
mixed with 40 litres of the spirit in a water-bath, and heated gently, but not so as to distil any of 
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the contents. After a short time, they are allowed to cool, passed through a hair-sieve, and added 
to the remainder of the spirit from the preceding operation. About 5 litres of water are then added 
to make the whole up to 1 hectolitre. 

Absinth of Portarlier. 

Large absinth (dried and ground) .. .. 2J kUos. 

Green anise 5 „ 

Fennel 5 „ 

Alcohol (at 85°) 95 litres. 

Digest and distil as in the previous operation, and colour with the following ; — 

Small absinth (dried) 1 kilo. 

Hyssop tops and flowers 1 „ 

Lemon balm (dried) 500 grm. 


Absinth of Montpellier. 

Large absinth (dried) 

Green anise 

Florentine fennel 

Coriander 

Angelica seed 

Alcohol (at 85°) 

Cvlonring. 

Dried hyssop (herb and flowers) 

Dried balm of Moldavia 

Small ab^inth 


kilos. 


6 

4 

1 


if 

ff 


500 grm. 
95 litres. 


750 grm. 
750 „ 

1 kilo. 


The quantities of the ingredients in the above recipes may, of course, be varied to suit the taste of 
tile manufacturer, or the quality and price of the product required. Nothing but age, however, 
will afford to absinth the qualities which are so much valued by consumers of this drink. 

Much care is required in the choice of the materials, and especially of those used for colouring. 
The plants should be green and dry, and free from black or mouldy leaves. They are finely divided 
or reduced to powder, covered with the perfumed spirit from the distillation, and heated gently in 
order to extract the chlorophylle, or colouring principle. After cooling, the coloured spirit is drawn 
ofif clear, and the plants are drained and re-<listilltd, in order to collect the spirit still adhering to 
them. The vessels in which the colouring is conducted are made of tinmd copper, and hold about 
20 hectolitres. They are hermetically closed, and heated by steam to 60°. 

The mixture of colouring and spirit is tested, and reduced to 74°. It is not sold above 72°, but 
a slight loss occurs on keeping, which must be provided against. By age, absinth loses its green 
colour, becoming yellowish ; this tinge is 'preferred by consumers. The spirit is considered to be 
of good quality when, on being diluted with water, it becomes whitish or opalescent, owing to the 
presence of the essential oils from the seeds, and the resinous and colouring matters of the plants, 
which, on the addition of water, are set at liberty, and thus aflbrd the milky colour so highly prized 
by connoisseurs. In this state it should be agreeable, odorous, and sweetish. 

Absinths of an inferior and very pernicious quality are frequently met with in the market. 
These are chiefly manufactured without distillation, essences being used instead of the seeds and 
plants. Others are prepared from old or damaged materials, while others again have had added to 
them aromatic resins, such as benzoin, guaiacum, &c., after the distillation, in order to increase the 
opalescence. 

Absinthine, the bitter principle of wormwood, is an energetic poison, acting especially upon the 
nervous system, and very injurious eflfects are invariably consequent upon the long-continued use 
of this drink. 

Fig. 193 represents the apparatus used in Neufchatel and other places for the manufacture of 
absinth and other perfumed spirits. It consists of the following parts : — 

A is a kettle enclosed in a wooden jacket, acting as a water-bath enclosing another kettle, which 
contains the' ingredients to be distilled. B is the top or cover of the still ; C an opening closed by- 
a plug for charging the still ; C' a similar opening for discharging the plants after distillation. D 
is the cap of the still, fastened on by a circular collar, and terminating in a neck which conducts 
the alcoholic vapours to the cooling coil. E is the cooler with its coil, and E the discharge pipe of 
the cod. F is the colourer, furnished, like the still, with plugs through which to fill and empty at. 
G is a pump fastened firmly to the wall by the collars G'. H is a piston rdfi ; I, the eccentric for 
driving the pump ; J, a pulley on which a band runs to connect with the power ; and K, bearings 
from the pulley shaft. L is a tank or well of metal sunk into the floor. M is a suction pipe, and 
M' another, connected with the colourer. N is a three-way cock attached to the suction pipe to 
draw any liquid from the tank to deliver it into the still, into the colourer, or to the store-room, or 
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to draw the finished liquor from the colourer, and deliver it to the store-room. N' is a pipe for 
drawing off the coloured product; O is a force or delivery pipe; P, a three-way cock, which directs 
liquids at pleasure into the stUl or the colourer; P’, a pipe delivering the liquid into the colourer, 
and P" a pipe conveying the liquor into the still. R is a cock and pipe for delivering the manu- 
factured product into the store-room ; S, a funnel and pipe to convey the distilled product to the tank ; 
T, the main steam-pipe connected with the steam boiler ; IT, the steam-cock for the kettle of the 
still ; and V the steam-cock for the colourer. 



Tlie apparatus is worked in the following manner : — 

The tank L having been filled with water and alcohol in the correct proportion, and the boiler 
of the still with the ingredients necessary for the preparation of the absinth, the cock P P' is opened 
and the pump set to work. The boiler A is immediately filled with the contents of the tank L. 
As soon as the tank is empty, the pump is stopped and the cock P closed. Steam is turned on by 
opening the cock U, and the product soon begins to flow over from the condensing coil into S, 
and again fills the tank L ; it now consisls of spirits perfumed by the plants placed in the stUl ; it 
is white in colour, and’possesses already many of the properties peculiar to the manufactured article. 
In order to colour it, the pump again draws up the liquor into the colourer P, which has been 
previously filled with the proper quantity of the colouring plants. After this operation, the pump 
fulfils its third ofSce by raising the coloured absinth from the colourer through the pipe N', and the 
cock and pipe B into its final receptacles. 

Arrack or Hack. (Fb., Arac ; Geb., Arrack^ Any alcoholic liquor is termed “ arrack ” 
in the East ; hut arrack proper is a liquor distilled either from toddy, the fermented juice of the 
cocoa-nut palm, or from rice. In the latter case, the rice is covered with water in large vats and 
agitated with a long rake. Great care must be taken in order to effect this without breaking the 
seed, and so causing the rice to decay, which would greatly impede its fermentation. This agitation 
is carried on until about half the rice has begun to germinate, when the water is run off from below. 
Molasses, or toddy, or a mixture of both, is now added, and the whole is left to ferment. When 
this process is complete, the fermented rice is distilled in the ordinary way. 

The arrack of Jamaica and Batavia is prepared in this maimer and is considered the best 
quality: that of Goa and Columbo is distilled from toddy alone. Since arrack may be 
extracted from the juice of the cocoa nut palm, it may perhaps be worth inquiring how nearly it 
may be imitated by fermenting and distilling the juices of the birch and sycamore trees. We 
should, by this means, obtain an English arrack ; and perhaps a spirit equal in flavour to that of 
Batavia. 

Arrack is also largely manufactured and consumed by the Chinese in Siam, where the revenues 
accruing to the Government from its distillation are said to be 58,000/. per annum. The revenues 
derived from this source from Ceylon are also very large, no less than 700,000 gallons bein"- 
expoi ted annually from this island, of which quantity about 30,000 gallons are sent to this country, 
where it is much valued for making Punch. 
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In Java, where large quantities of arraek are also made, the materials are generally used in the 
following proportions : Rice, 35 parts ; molasses, C2 parts ; toddy, 3 parts ; from which, on distil- 
lation, a yield of 23J parts of proof arrack is obtained. 

Arrack is colourless, or nearly so; but if kept long in wooden casks, it acquires, like many 
other spirits, a yellowish tinge. When the cask in which arrack is imported happens to be decayed, 
or the liquor touches any nails, or other iron, it dissolves part of it, and at the same time extracts 
the resinous parts of the oak, by which means the whole liquor in the cask acquires an inky colour- 
In order to whiten and clarify arrack which has contracted this colour, a large quantity of new or 
skimmed milk must be put into the cask, and the whole beaten together, as vintners do to whiten 
their brown wines; by this means, the inky colour will be absorbed by the milk, and fall with it 
to the bottom, so that the greater part of the arrack may be drawn off fine, and the remainder 
procured in the same condition by being filtered through a conical flannel bag. The finest qualities 
have an agreeable taste, and are not unwholesome ; they improve much on keeping. Common 
arrack, or as it is called in India, “ pariah-arrack,” has a strong and slightly nauseous taste and 
odour, which is due to the presence of a volatile oil which distils from the rice. If slices of ripe 
pine apple be put into good arrack, and the spirit kept for a considerable time, it mellows down 
and acquires a very delicious flavour. This quality is much valued for making “ rack-punch.” 

The arrack of Batavia and Jamaica is the finest quality, the second best being the varieties 
made in Madras, China and Siam. Other varieties are considered inferior. That which is distilled 
from rice is narcotic, intoxicating, and very unwholesome. Hemp leaves, poppy heads, and other 
objectionable substances are sometimes added in order to render the spirit more intoxicating. 

Brandy. (Fb., Eau-de-vie ; Ger., Branntwein.) Brandy is the direct product of the distil- 
lation of French wines, as described under Alcohol from Wine (p. 201). The better qualities are 
distilled from white wines, the inferior varieties being the products of the dark-red Spanish and 
Portuguese wines, or of the marcs or refuse of the wine-press, called eau-de-vie de marcs. The 
variety made in England, and known as British brandy, is a spirit compounded in several different 
ways by the rectifying distiller. 

Good brandy should be clear and sparkling ; white if new, slightly yellow if a few years old, 
and brownish-yellow if very old ; its flavour is sweet, mellow and ethereal, and not in the least degree, 
fiery or earthy. When held in the mouth, it creates an agreeable, warm sensation on the tongue, quite 
different from the harsh flavour and unpleasant after-taste which are common to brandies of an 
inferior quality. The following list represents the different French brandies in their order of merit : — 


1. Cognac fine Champagne. 

9. Eau-de-vie de Tenareze. 

2. 

V 

Champagne. 

10. Cognac (Surgeres). 

3. 

11 

petite Champagne. 

11. Eau-de-vie Haut-Armagnac. 

4. 

11 

premier bois. 

12. Rochelle Aigre feudle. 

5. 

1* 

deuxieme bois. 

13. Rochelle. 

6. 

1* 

Saintonge. 

14. Marmande. 

7. 

11 

Saint-Jean d’Angely. 

15. Pays (Marmande). 

8. 

11 

Bas-Armagnac. 

16. Trois-six Languedoc. 


Originally, the cultivation of the vines producing the cognac brandy was confined to the neigh- 
bourhood of the town of that name ; but they are now the produce of a very extensive vine-growing 
district. Unfortunately, only a very small proportion of the brandy which is sold as cognac is genuine. 
The remainder consists generally of mixtures of alcohol and water to which different colouring and 
aromatic substances Lave been added. These liquors have neither the agreeable flavour nor the 
mellowness of natural brandies: it is possible, nevertheless, by the aid of certain harmless 
chemical preparations, to give them a bouquet and an aroma which renders them quite fit for 
consumption as beverages. 

As the depth of colour in natural brandies is in proportion to the length of time they have 
remained in the cask, it is customary to give a high colour to the fictitious varieties. To imitate 
this natural colour, caramel dissolved in an infusion of tea is added to them ; the mixture aftbrds 
to the spirit a peculiar, agreeable taste, which often deceives inexperienced judges. The addition 
of caramel may be detected by boiling a little of the brandy to dryness ; a residue is left which on 
ignition yields the characteristic odour of burnt sugar. The colouring matter is also sometimes 
prepared from the rind of nuts, or from catechu. This latter substance is Tarely used alone, but is 
with other astringent and aromatic substances which give to the spirit colour and bouquet. The 
following is a recipe frequently employed by rectifiers in the preparation of fictitious brandy : — 

Powdered catechu .. 100 gr«.. 

Sassafras wood 10 „ 

Balsam of tolu 10 ,, 

Vanilla 5 ,, 

Essence of bitter almonds 1 „ 

Well-flavoured alcohol (at 85°) 1 litre. 
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The vanilla is triturated in 125 grm. of brown sugar, and the whole is macerated for eight days 
with frequent shaMng. It is then to stand for twenty-four hours, and the clear liquor is drawn off 
to be added to the brandy to be improved. Sulphuric acid to the extent of 1 per cent, is sometimes 
added for the purpose of affording to the spirit a peculiar bouquet ; but this adulteralion is very 
reprehensible. In order to tone down and remove the harshness from new brandy, it is in some 
places the custom to add 10 grm. ammonia per hectolitre, stirring it well in ; white soap has some- 
times been used for the same purpose. 

In order to ascertain the purity and genuineness of brandy, a few drops may be poured into the 
palm of the hand, and the two hands rubbed together. The liquid, if genuine, exhales a sweet and 
pleasant odour ; if counterfeit, the odour is on the other hand penetrating and disagreeable, and is 
readily recognized by those who are accustomed to make use of this test. Or a small quantity may 
be poured into a saucer and left to evaporate spontaneously ; the foreign substances, consisting of 
amylic, butylic, and propylic alcohols, which are less volatile than ordinary alcohol, are left behind 
in the saucer if present in the brandy, and are at once detected by their peculiar smell. Another 
method frequently employed to detect these impurities is to dilute the spirit with four or five times 
its volume of water, and to take a portion of the misture into the mouth w ithout swallowing it. 
An experienced taster will distinguish with ease between the brandies of Cognac, Armagnac, 
Languedoc, &c., and will even detect the variety of fruit from which the spirit was distilled. 

Since the colour of French brandies is acquired from the oak of the cask, there is no difficulty 
in imitating it to perfection. A small quantity of the extract of oak, or the shavings or sawdust of 
that wood, properly digested, will furnish us with a tincture capable of giving the spirit any degree 
of colour required. But as the tincture is extracted from the cask by brandy, i. e. alcohol and 
water, it is necessary to use both in extracting the tincture, for each of these menstrua dissolves 
different parts of the wood. Tlje chips, shavings, sawdust, &c. of the white oak used at Cognac for 
making brandy casks are soaked in water for eight days. This water is then thrown away, and 
rain-water containing one-tenth of brandy is substituted ; about 10 kilos, of the wood should be 
employed for every 100 litres of liquid required. After remaining for some months, the water 
acquires a colour and an aroma which, when the mixture is made in the proper proportions, can 
haidly be distinguish d from that of the be=t French brandy. 

As all new brandies retain a certain sharpness of flavour, which wears off as the spirit is kept, 
and preserve to some extent the peculiar flavour which characterizes the wines from which they 
were produced, it is customary to take certain precautions to remove this harshness, to “ age ” the 
spirit, and to impart to them the bouquet of different valuable growths. A good recipe for an 
imitation of the brandy of Armagnac is the following ; — 

Infusion of hulls of walnuts 1 litre. 

„ „ bitter almonds 2 „ 

Syrup of raisins 3 „ 


This mixture is added to every hectolitre of the trois-six employed, which has been previously 
diluted with water to the required strength. 

Another good imitation of this brandy is : — 

Alcohol (of good flavour, at 85°) 56 litres. 

Water 40 „ 

Rum 2 „ 

Syrup of raisins (at 36°) 2 „ 

Dried liquorice root 500 grm. 

Black tea 60 „ 

Cream of tartar 2 „ 

Boracic acid 1 „ 


Bruise the liquorice root and boil it with half the water intended for reduction ; infuse the lea 
separately in a hermetically closed vessel with 10 litres of boiling water ; dissolve the cream 
of tartar and boracic acid in 2 litres of hot water. When all these preparations have become cold, 
pass the infusions of tea and liquorice root through a hair cloth, and mix the whole together with the 
alcohol, rum, syrup of raisins, aud enough water to make up to 100 litres; colour the mixture with 
caramel. 

Cognac brandy is the most difficult to imitate ; the following recipe being one of the best : — 

Alcohol (well flavoured at 85°) 54 litres. 

Bum (of good quality) 2 „ 

Syrup of raisins 3 „ 

Infusion of hulls of green walnuts 2 „ 

„ „ bitter almonds 2 „ 

Water 27 „ 

Powdered catechu 15 grm. 

Balsam of Tolu 6 „ 
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Dissolve the catechu and balsam of tolu together in a litre of the alcohol, and pour this 
solution into the remainder of the spirit ; mix all the liquids together, stir well, and colour with 
caramel. 

The following recipe is used by one of the largest houses in the spirit trade in Paris : — 


Alcohol (good flavoured, at 85°) 

Bum 

Bain water 

Liquorice root 

Boman chamomile 

Vanilla 

Brown sugar 


68 litres. 



500 grm. 
125 „ 


1 kilo. 


Bruise the liquorice root, and boil it in a portion of the water intended for the mixture, then 
make hot infusions of the chamomile and vanilla separately in a hermetically closed vessel. When 
cold, pass all these infusions through a cloth filter, add them to the spirit, and to the remainder 
of the water in which the sugar has been dissolved. 

When it is required only to “ age ” or “ improve ” the genuine new brandies of Cognac, 
Armagnac, or Montpellier, it is customary to add to them 15 grm. of sugar-candy, or 3 centilitres 
of syrup of raisins, to a litre. Or the bouquet of the Armagnac brandy may be improved by the 
addition of a litre of the infusion of green walnut hulls, or a litre of the infusion of the hulls of 
bitter almonds, or, in the absence of these, of two litres of rum to each hectolitre of brandy. 

The brandies of Cognac, Jean d’Angely, Saintonge, (Sc., may be “ aged” by the addition of the 
following mixture to every hectolitre of the brandy ; — 

Old rum 2 litres. 

Old kirsch 1'75 „ 

Infusion of green walnut hulls 0-75 „ 

Syrup of raisins 2 „ 

In some districts it is customary to “ age ” new brandies with low wines prepared for the purpose 
by adding 10 or 12 per cent, of brandy at 85° to clear rain-water, in order to preserve it. When the 
water has been kept for six or eight months in the casks, it is invaluable for imparting the soft- 
ness and qualities of age to new brandies. 

If kept in a cool, but not draughty, place, brandy is capable of being kept for an indefinitely 
long period. To hinder this evaporation to some extent, the casks should be filled up at least once 
a month, and twice as often during the heat of summer, or if the cellar be subject to currents of 
air, which tend to bring about a rapid evaporation. The brandy used for filling up the casks 
should be as nearly as possible of the same quality as that already contained in them (see 
Alcohol from Wine). 

Gin. (Fa., Genikre; Geb., Wachholderbranntwein').— Gin, or geneva, is common grain spirit, 
aromatized with juniper berries ; it is, in fact, nothing more than plain British spirit flavoured with 
the juice of this berry. A spirit containing this juice was formerly sold by apothecaries, on account of 
its valuable medicinal virtues, under the name of Geneva. The better varieties are even now pre- 
scribed by medical men for use as a diuretic, which property is due solely to the presence of the 
essential oil of juniper. The proportion employed is variable, depending upon the nature of the 
spirit and the requirements of the distiller ; usually one kilogramme of berries is enough to flavour 
one hectolitre of raw grain spirit. Before being used the berries are coarsely ground or crushed ; they 
are then either added in that state to the undistilled grain spirit, or, what is much better, interposed 
in some manner in the course traversed by the spiiituous vapour before condensation. In some 
distilleries it is customary to suspend bags containing the berries in the still, when the condensed 
liquid is found to be strongly impregnated with the odour and taste of juniper. The berries should 
be chosen fresh and plump, full of pulp, and of a strong taste and smell ; they are usually imported 
from Germany, though we have a great many of the trees in England. 

The finest gin is prepared in Holland, from which country considerable quantities are annually 
imported into England. In the town of Schiedam alone there are upwards of two hundred gin 
distilleries, the produce of which is commonly called “ Schnaps.” 

A rough kind of gin is made in Norway and Sweden by digesting the berries for some days in 
spiiits at 50° or 55°. The product, however, has a very disagreeable, sharp taste. It is much 
preferable to distil the berries after maceration with alcohol at 85° or 90°, and IJ reduce the product 
of the operation to 49°. 

Gin was originally, and for a long period, imported from Holland under the name of “ Geneva ” 
(of which word the common form “ gin ” is a corruption) from Genievre, the French for juniper. 
The liquor known by this name in England, or British Gin, is a very different article from that 
made in Holland. It consists usually of grain spirit flavoured with Oil of Turpentine, instead of 
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juniper. This substance closely resembles juniper in taste and smell, and also possesses, but in a 
less degree, its diuretic properties ; being much cheaper, it is almost invariably substituted for 
juniper in this country. Small quantities of other aromatic substances are introduced into the 
spirit for the purpose of hiding or “killing” the very unpleasant taste and effects of the unrectified 
grain spirit. The recipes which are often given in different works for the preparation of gin, are 
wholly untrustworthy, as they yield a liquor which bears but little resemblance to either British 
Gin or “Hollands.” Indeed, all attempts to make gin from the recipes usually found in books, 
have invariably resulted iu failure. The common impression appears to be that the flavour of this 
spirit is due entirely to juniper berries, which is not by any means the case, as British gin does not, 
as a rule, obtain its flavour from this source at all, but from oil of turpentine. Some distillers, 
however, prefer to heighten the flavour of their products by the addition of a very small quantity 
of oil of juniper; but in England, this is the exception rather than the rule. Each distiller has 
his own peculiar recipe, and his product its own characteristic flavour and adherents; the difference 
between the several varieties, and especially between those of London and Plymouth, is very 
marked. 

In making gin, great care must be taken not to use an excess of flavouring. The following 
are good recipes for British Gin ; — 

(1) . Grain spirit (proof), 80 gals. ; newly rectified oil of turpentine, 1 J pint ; mix well together ; 
add 14 lb. of common salt, dissolved in 40 gala, of water ; stir well, and add 3 fluid drs. of creasote ; 
distil over 100 gals., or until the faints begin to rise. The product is 100 gals, of gin (22 u.p). 
Half-a-pint either of rectified fusel-oil, or of oil of juniper, may be added. 

(2) . Grain spirit (proof), 80 gals. ; oil of turpentine, 1 piut; oil of juniper, 3 fluid oz. ; salt, 
21 lb., dissolved in 35 gals, of water ; oil of caraways, J fluid oz. ; oil of sweet fennel, J fluid oz. ; 
oil of sweet almonds, 1 dr. ; essence of lemons, 4 drs. ; distil 100 gals. (22 u.p.), and add 2 drs. of 
creasote. 

(3) . Grain spirit (proof), 80 gals. ; oil of turpentine, f pint ; oil of junipers, i pint ; crea- 
sote, 2 drs. ; oranges and lemons, sliced, 9 of each ; macerate for a week, and distil 100 gals. 
(22 u. p.) 

(4.) To make 100 gals, of gin, fake 1 oz. oil of juniper ; |oz. oil of bitter almonds ; i oz. of oil of 
caraways ; J oz. oil of cassia ; J oz. of oil of vitriol ; put the whole into one pint of spirits of wine, 
as nearly 60 overproof as possible ; shake well togetlier in a bottle, two or three times a day, for 
two days. This should always be prepared at least a week before it is wanted, so that the oils 
may be well killed. One ounce of ohilies is boiled in three pints of liquor, or water, until reduced 
to one quart, and then strained off through a fine sieve ; the whole is put into the gin with 45 to 
50 lb. of lump sugar dissolved in as many pints of water, and 15 gals, of water ; this will be 
very strong gin. Twenty gallons of water will not be found too much, as the ingredients in 
this receipt wiU give ten gallons more apparent strength and flavour than gin made up with 
sugar and water only. It may be fined down with 4 oz. of alum, and 2 oz. of cream of 
tartar dissolved in 1 pint of water. The tartar should be put in with the alum after it is 
dissolved. If rummaged well together, the whole should be clear and bright in one day’s time. 
If it be required to make up more or less than one hundred gallons, the quantity of ingredients used 
must be increased or diminished in proportion. 

The oil of turpentine used must be of the very best quality. J uniper berries, bitter almonds, or 
the aromatic seeds may be substituted for the essential oils, though the latter are preferable. 
Only a small quantity of any of these may be employed. The addition of creasote imparts to 
the spirit a flavour resembling that of whiskey ; the lemons and other aromatics, an agreeable 
richness or fulness, which may also be enhanced by the addition, in minute quantities, of caraways 
cardamoms, cassia, &c. Fusel-oil is added to increase the wliiskey flavour afforded by the creasote ; 
crude pyroligneous acid is sometimes used for the same purpose. The creaminess and smooth- 
ness of Hollands gin is due to age; it is sometimes imitated by British distillers by adding sug.ir. 
Occasionally grains of paradise, cayenne pepper, and sulphate of zinc are added by fraudulent 
dealers, as well as, in some cases, caustic potash, which affords to the spirit a peculiar piquancy, 
often mistaken by inexperienced consumers as a proof of its quality and strength. 

The spirit obtained from the above recipes is termed “ unsweetened " gin, but that usually sold in 
London contains a large proportion of sugar, and is known as “ sweetened,” or “ made up ” gin. 
This addition of sugar is objectionable, inasmuch as it permits very extensive adulteration and 
dilution of the spirit with absolute impunity. 

All the utensils employed in the preparation of gin should be perfectly clean, as gin which has 
become coloured or stained is much depreciated in value. If the colour be deep, the spirit is 
rendered unsaleable, fcd must be redistilled ; if very slight, the addition of a spoonful or two of 
strong acetic acid will probably remove it. 

An imitation of gin, made without distillation, may be prepared by simply digesting or dis- 
solving the flavouring ingredients in the spirit. In this case, no salt must be employed (see 
Alcohol from Grain). 


I 
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Eirschwasser. (Fb., KirscAwasser ; Geb., Kirschwassjr^ A spirituous liqueur obtained 
by the distillation of cherries, as its name implies (cherry water) ; it is commonly contracted 
into Kirsch. It is made exclusively in Germany and Switzerland, in the following way: — 
The cherries, preferably the wild variety, are shaken from the trees when ripe, and thrown by 
children into open hogsheads. Here they are all mashed together, whether unripe, ripe or rotten, 
and allowed to ferment. When this process is complete, which generally takes from fifteen to 
thirty days, according to the weather, the whole mass is thrown into an ordinary Turk’s head stUl, 
and distilled over a naked fire. The result is, of course, a spirit of very unpleasant smell and taste, 
and is decidedly unwholesome, as the fruit, during fermentation, is constantly allowed to become 
acid or mouldy. Moreover, the distillation over an open fire tends to produce an empyreumatic 
flavour which the oils from the crushed seeds often faO to conceal. 

The largest quantity, and by far the best quality of kirschwasser is made in the Black Forest. 
A good variety also comes from the Vosges. In these places, only the perfectly ripe fruit is chosen, 
that which is rotten or damaged being rejected. It is then crushed by hand, or by a wooden rubber, 
on a wicker basket or trough supported hy a frame resting on a tub. The juice falls into the 
tub while the pulp and seeds remain in the basket. The latter are afterwards carefully picked 
out and thrown into the juice. The process of fermentation is carefully attended to ; the vats 
herng tightly covered and kept at the correct temperature. The must should be at about 6° 
or 7°, and the process, which is conducted without the use of an artificial ferment, should occupy 
four or five days. When complete, the liquor is drawn off and distilled properly by the aid of 
steam. 

The kirsch of the Black Forest is equal in strength to the most powerful spirit, and has a 
delicate perfume and taste, resembling those of bitter almonds, owing to the presence of a small 
quantity of prussic acid derived from the kernels. 

The product in alcohol from 100 kilos, of cherries is about 7 or 8 litres of kirsch at 55° or from 
S| litres to 4| litres of pure alcohol. 

It is customary to put new kirsch into glass bottles or flasks, which, during the first year, are 
closed with some substance which will permit a slight evaporation ; by this means, the acid principles 
are volatilized and the spirit is rendered more agreeable ; it is afterwards corked tightly to be kept. 
In the absence of bottles, it is put into small casks or kegs made of ash, in order that tlie spirit may 
not receive any colour from the wood, kirsch being of greater value when limpid and colourless. 
It is, like all other spirits, much improved by age. 

Kirsch is constantly met with in the market mixed with brandy, or alchohol from apricot seeds, 
and reduced to 51°. Sometimes alcohol perfumed with essence of bitter almonds is added to it ; 
but these adulterations are readily dt.tected by the difference in taste. The following, however, is 
a good recipe for an imitation of kirsch 


Cherry seeds 9 kilos. 

Apricot seeds 3 „ 

Dried peach leaves 625 grm. 

Myrrh 150 „ 

Alcohol (at 85°) 62 litres 


The seeds are bruised and digested in a water-bath in an ordinary still for twenty-four hours. 
At the conamencement of this process, about 30 litres of water are added, and the still is tightly 
closed and heat applied. When 60 litres have come over, 40 litres of water must be added to 
reduce the spirit to 50°. Fifteen grammes of sugar are finally added to correct the sharpness of the 
product. 

Kirsch is sometimes adulterated with a liquid extracted fi om sloes. 

Liqueurs, the French name for all spirituous drinks which arc obtained artificially, whether 
by fermentation, such as rum, gin, kirschwasser, &c., or by mixing various aromatic substances with 
brandy or alcohol, such as cura^'oa, anise cordial, absinth, &c. ; in England the name has become 
restricted to the latter class. 

Originally, liqucms consisted merely of the fermented juice of the grape, flavoured with various 
aromatic substances. The earliest liqueur on record is a mixture of wine, cinnamon, and honey, 
which was for a long period a very fashionable beverage, used on all occasions of festivity ; it is said 
to have been first prepared by Hippocrates. At a later period, other liqueurs were prepared by 
digesting in wine such herbs as hyssop, calamus root, and absinth, and were very popular in the 
tenth, eleventh, and twelfth centuries, under the generic name of “ wine of herbs.” The first 
liqueur which contiined alcohol as its basis was simply brandy mixed with sii^ar ; it was more used 
as a medicine than as a beverage, and was known as “•eaudidne” Thellalianswere the first to employ 
alcohol to extract the flavouring and aromatic principles of plants and flowers, in order to produce 
agreeable and perfumed liqueurs. These were called “liqmri," and were exported largely into other 
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countries, and into France in particular. Shortly afterwards they were manufactured and sold in 
Paris by Italian compounders on a larger scale. At the beginning of tlie last century, the Americans 
introduced their famous ratafia from cedrat, which they called creme des harhades ; and about the 
same time curagoa first made its appearance in Amsterdam, and anisette’in Bordeaux. Since then 
they have multiplied enormously, many of them being named after the inventor. Most are obtained 
by steeping in pure brandy or spirit different fruits or aromatic herbs, and submitting the resulting 
liquid to distOlation. Cochineal, caramel, indigo, and other colouring matters are used to colour 
liqueurs, and they are also sweetened witli sugar. The manufacture of these liqueurs constitutes 
the trade of the “ compounder ” or “ liquorist.** 

Some liqueurs are prepared simply by steeping the ingredients in proof spirit for a length of 
• time, without having recourse to distillation ; but these do not possess the fine delicate flavour of 
the other class, and they are of small importance. 

The first process in the manufacture is the solution in alcohol of the particular aromatic 
substances which are to supply the required flavour and aroma. The spirit employed for this 
purpose must be of the very best and purest quality. Kectificd spirit of wine is, owing to its 
freedom from flavour, beat adapted for the use of the liquorist. The ingredients are usually 
well bruised, and, in some cases, ground to powder. Immediately after this, they are placed in the 
spirit, and the whole is constantly agitated for a longer or shorter period, as the case may demand ; 
generally, the time occupied is from five days to a fortnight. The distillation is carried on in any 
ordinary copper stdl, provided with a suitable condensing arrangement. Salt is sometimes added 
to the ingredients in the still. The products of distillation are brought to the requisite strength by 
the addition of pure soft water, or of the syrup used for sweetening. The sugar used must be of the 
finest quality, and is added in the form of a thin, clear syrup, after the spirit has been clarified or 
filtered, but never before. If great care has been bestowed upon the selection of the materials, and 
upon the subsequent operations, the liqueur, when made, will be perfectly clear and bright. 
Occasionally, however, they may appear clouded or milky; when this is the case, it is necessary to 
add a little white of egg, or of a solution of alum in water. These are termed “ finings,” and are 
generally effectual in removing cloudiness, and rendering the spirit clear and transparent. 

Careful attention must be paid to the amount of flavouring matter added to the spirit. A very 
slight excess not only renders the liqueur disagreeably high-flavoured, but the excess of essential 
oil induces a milkiness also, which is extremely difficult to get rid of. It should be borne in 
mind that whenever the quantity required is uncertain, too little should be added at the outset, 
as the correct flavour may readily be imparted afterwards by the addition of a little more 
flavouring. 

The process of distilling when applied to liqueurs must be very carefully attended to. The 
still should be thoroughly cleansed before each operation, and the coil well rinsed with hot water 
in order to remove the flavour left by the last distillation. When conducted over a naked fire, the 
still must he placed on an iron grating which rests on the furnace, to prevent the ingredients from 
adhering to the bottom of the still and becoming burnt, thereby imparting an empyreumatic 
flavour to the products. The boiler of the still should be only about two-thirds full, and the 
plants employed, especially if they be dried, should be cut up as small as possible, in order to 
prevent them from swelling. All joints should be carefully closed with a paste made of flour and 
water, over which is placed a strong band of paper or linen, so as to cover the joint completely and 
closely. Heat is then applied, at first gradually, and afterwards increased as the operation 
proceeds ; on the appearance of the first few drops, it is well to moderate the heat slightly for a 
few moments. Great care is requisite in the management of the fire in order to produce a regular 
and even flow of liquid from the coil ; if the fire be pushed too rapidly, the faints will come over 
and an empyreumatic flavour will thereby be produced in the spirit ; which flavour is highly 
objectionable. The water in the cooler must be changed frequently. 

Distillation over an open fire, although it progresses with more rapidity, has the disadvantage 
of altering the product more or leas, owing to the unequal distribution, of the heat. Distillation 
over a water-bath is conducted in precisely the same way, but it does not require so much atten- 
tion. The boiler is placed on the furnace — the grating previously used being removed- and is half 
filled with water. The water-bath containing the various ingredients is then fixed in its place, the 
joists are carefully luted, and heat is applied. The products obtained by this method are much 
purer, and possess a far more delicate flavour, owing to their perfect freedom from empyreuma, 
than the products of distillation over an open fire. But perhaps the best method in use is that of 
distillation by steam, which is conducted in the following way : — Fill the steam boiler three-fourths 
full of water, and boil.^ 'When the correct pressure is indicated by the steam-gauge, admit a small 
jet of steam to the still so as to heat the contents at first gently ; the cock may afterwards be opened 
to the full extent. The still is managed precisely as in the previous operations. This method is 
employed only in the large liqueur manufactories owing to the expense of erecting boilers, 4c., 
but, when once established, the process is preferable to any other for economy of fuel, facility of 
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working, and qnality of the product. The following is a list of plants which should always he 
distilled by steam ; — 


Absinth. 

Fennel. 

1 Melilot. 

Bose. 

Anise. 

Juniper. 

Balms. 

Sage. 

Caraway. 

Hyssop. j 

Mint. 

Wild Thyme. 

Citronella. 

Lavender. | 

Orange. 

Garden Thyme. 


When the first metlioJ, namely, that of distilling over a naked fire is employed, the distillate 
must he subjected to a process of rectification. This consists in pouring the crude distillate into 
the water-bath of a still and diluting it with water, whereby the excess of volatile oil is liberated, 
and made to collect in globules upon the surface. By its means, is also effected the removal from 
the spirit of the empyreumatic flavour acquired during the course of a distillation pushed to 
excess. In conducting this operation, it is necessary to watch the fire carefully and to frequently 
renew the water in the cooler. 

It is impossible to lay too much stress upon the importance of exercising care in making 
choice of the ingredients to be employed by the liquorist. A few general hints on this subject 
will probably be found useful to the reader. All seeds, roots, woods, and other drugs should be 
purchased ready dried ; the seeds should be full and plump, roots sound and very dry, and woods 
hard and compact. When flowers are used, the freshest, and those possessing most perfume, should 
be selected ; they should also be full-blown and quite dry. Fruits having a good flavour and 
colour are to be preferred, and those which are perfectly fresh, having been gathered in dry 
weather, and possessing a sound and smooth akin. The plants used should also have beeu gathered 
in dry weather, and they should be healthy and vigorous in growth : when dry, they should be 
packed in paper and kept in a dry place. 

Liqueurs are never perfect in flavour immediately after their preparation ; they require time, 
mellowing and many precautions for their preservation in order to produce the desired result. 
The room in which they are stored should be kept uniformly at a temperature of 15° or 20°, and 
this room should be situate as far as possible from all external noises and disturbance. Day- 
light, and especially the direct rays of the sun, tend to destroy the colour of liqueurs, causing the 
colouring matter to fall to the bottom of the bottles. When in large quantities, it is far better 
to store them in casks, which should be as large as possible. 

We subjoin various recipes for the best known and most highly esteemed liqueurs. 


Anisette. 

Spirit of Anise 5 litres. I Sugar 12-5 kilos. 

Alcohol (at 85°) 20 „ ] Water 60 litres. 

Place the spirit of anise and the alcohol in a can ; add the sugar dissolved in a little of the water; 
pour in the rest of the water ; size with white of egg or solution of alum ; allow to stand and filter. 
Cedrat cordial. 

Fresh cedrats (outer rind) 150 | Alcohol (at 85°) 50 Utres. 

Digest, distil, and rectify, to obtain 40 litres of spirit ; add 

White Sugar 56 kUos. | Water 22 litres. 

Colour to a bright yellow with caramel. 


Chartreuse. (Green). 

Dried lemon balm 

.. 500 grm. 

Hyssop in flower 

.. 250 „ 

Peppermint (dried) . . 

.. 250 „ 

Genepi 

.. 250 ,. 

Balsamite 

.. 125 „ 

Angelica (seeds) 

.. 125 „ 

Angelica (roots) .. 

.. 62 „ 


Thyme .. .. 30 grm. 

Arnica flowers 15 » 

Buds of Balsam Poplar .. 15 „ 

China Ciunamon .. .. 15 „ 

Mace 15 „ 

Alcohol (at 85°) 62 litres. 

Digest for 24 hours ; distil and rectify to obtain 60 litres ; add 25 kilos, of refined white sugar 
dissolved by heat in 24 litres of water ; mix the whole and make up with water to 100 litres. 
Mellow and colour green with a mixture of blue colouring and infusion of caramel or safihon. Size 
allow to repose and filter. ’ 

(Yellow). 

Lemon balm 
Hyssop in flower (tops) 

Genepi 

Angelica (seeds) 


250 grm. 

Mace 

15 grm. 

125 


Coriander 

1500 „ 

125 


Socotrine aloes 

30 „ 

125 

*9 

Cardamoms (small) . .C . . 

30 „ 

'30 

99 

Cloves 

15 „ 

15 

99 

Alcohol (at 85°) 

42 litres. 

15 

99 

Eefined white sugar 

25 kilos. 


China Cinnamon . . 

Make up to 100 litres with water, and proceed as above, colouring'’ yellow with saffron." 
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(Wliite). 


Lemon balm 

250 grm. 


Genepi 

125 


Hyssop in flower (tops) 

125 „ 

Cardamoms (small) 

Angelica (seeds) 

125 „ 

Calamus . . 

Angelica (root) 

30 „ 

Tonika beans 

China Cinnamon 

125 „ 

Alcohol (at 85°) 

Mace 

30 „ 

Best refined white sugar 

ke up to 100 litres with water, 

and proceed as above. 


30 grm. 


15 

30 

30 

15 


79 

«• 


52 litres. 
37 kilos. 


Curafoa. 


(1). Spirit of cura 5 oa .. 

. . 8 litres. 

Sugar 

. 12 '5 kilos. 

Alcohol (at 85°) .. 

.. 17 „ 

Water 

. 66 litres. 

Proceed in the same way as for the above ; colour with caramel. 


(2). Spirit of curafoa . . 

.. 10 litres. 

Sugar 

. 25 kilos. 

Alcohol (at 85°) .. 

.. 40 „ 

Water 

. 33 litres. 

Colour with caramel to a deep yellow, and proceed as above. 


(3). Spirit of euragoa . . 

12 litres. 

Sugar 

. 25 kilos. 

Infusion of curagoa .. 

15 centilitres. 

Water 

. 55 litres. 

Alcohol (at 85°) 

15 litres. 



Colour with caramel, and proceed as above. 



Noyeaux, 




(1). Spirit of apricot seeds 

9 litres. 


12*5 kilos. 

Alcohol (at 85°) .. 

.. 16 „ 


66 litres. 

Proceed as for Anisette. 




(2). Spirit of apricot seeds 

.. 14 litres. 

1 Sugar 

. 25 kilos. 

Alcohol (at 85°) . . 

.. ,36 „ 

1 Water 

33 litres. 

Proceed as for Anisette. 




(3). Spirit of apricot seeds 

.. 14 litres. 

1 Sugar 

. 25 kilos. 

Alcohol (at 85) .. 

.. H „ 

I Water 

. 55 litres. 

Proceed as for Anisette. 




Peppermint cordial. 




(1). Peppermint water 

. . 8 litres. | 

1 Sugar 

12-5 kilos. 

Alcohol (at 85°) . . 

.. 25 „ 1 

1 Water 


(2). Peppermint water 

.. 12 litres, i 

Sugar 

25 kilos. 

Alcohol (at 85°) .. 

.. 50 „ 1 

Water 

21 litres. 

(3). Peppermint water 

. . 10 litres. I 

1 Sugar 

25 kilos. 


.. 28 


15 litres. 

Proceed in each case as in the above recipes. 


Batafia. 




Pure alcohol 

21 '25 litres. 

Wine of Bousillon or Loire 

7 litres. 

Infusion of cassis (black 


Alcohol (at 85°) 

14 „ 

currants) 

18 

Baw sugar (well clarified) 

12 • 5 kilos. 

Add water to make up to 100 litres. 



Usquebaugh, (Scotch). 

. 



Sai&on 

60 grm. 

China Cinnamon 

GO Rrra. 

Juniper berries 

. 250 „ 

Musk mallow 

60 „ 

Coriander 

. 250 ,, 

Fresh lemons (outer rind) 

25 „ 

Star anise 

• 125 „ 

Alcohol (at 85°) 

40 litres. 

Angelica root 

• 125 „ 



Digest for a month, with occasional stirring ; strain through a hair-sieve, and add : — 

Water 

.. 41 litres. 

Befined white sugar .. 

25 kilos. 

Orange flower water . . 

.. 2 „ 



Colour a light reddish-yeUow, with cochineal. 



Vanilla. 




Vanilla 

. 200 grm. | 

Alcohol (at 85°) 

40 litres. 

Befined white ^igar .. 

. 56 kilos. 1 

Water 

22 „ 


Cut the vanilla up small ; bruise it in a mortar with about 5 kilos, of the sugar ; pour the 
spirit and syrup of sugar into a water-bath, and add the vanilla; mix well together in tlie still 
and heat gently so as to digest without distilling. Allow to cool, colour with cochineal size' 
allow to stand, and filter. ’ ’ 
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Bum. (Fb., Bhum; Geb., Bum.') The name of mm is applied to a spirit obtained from the 
molasses of the sugar^iane, in the manner described on p. 204. It is a spirit of excellent quality 
and flavour, and is much valued when old. That which comes from the West Indian Islands, and 
particulaily from Jamaica, is the best. Martinique and Guadaloupe furnish also' very good 
qualities. Considerable quantities of rum are also made in Brazil, and imported into Europe and 
North America. When new, rum is white and transparent, and has a peculiar, unpleasant flavour, 
which is generally understood to proceed from the resinous aromatic gum, or essential oil, con- 
tained in the rind of tlie cane ; but apart from this, an empyreumatic od appears to be generated 
during the fermentation of the wash which Liebig ascribes to the interchange of the elements 
of sugar and gMiten. This flavour is, however, exceedingly undesirable, and has to be removed 
before the spirit is fit for the market ; this may be done by the use of charcoal and lime, the 
former to absorb, and the latter to combine with the oil, and to precipitate it in the form of a soap. 
A wooden box, about 2 ft. long and 1 ft. in diameter, with a division running down to within an inch 
of the bottom, is filled with coarsely powdered charcoal, through which the spirit is made to pass 
as it runs from the worm. The charcoal absorbs a considerable portion of the od, and the rum 
consequently flows from the filter much purified. It is then conveyed to the rum butt (of about 
300 or 500 gallons capacity), which is situati.d at a good elevation, and at once heated with a little 
caustic lime, and wed-stirred up. After an interval of two days, the flavour may be tried, and if 
found satisfactory, the contents of the butt may be drawn off through a charcoal filter, similar to 
the first, into the colouring butt to be coloured. But if the lime used be not enough, a little more 
must be added, mixing the whole together again ; and after two days it may be run off as noticed. 
At this period the lime will be seen at the bottom of the bntt in combination with the od, forming 
together a kind of soapy precipitate. 


When this process lias been carefully conducted, quite new rum may be afforded the appearance 
and flavour of aged spirit. Pineapple juice is sometimes employed by the planters for the purpose 
of ageing new rum. 

The next operation is to colour the rum, and this is a very important part of the process. It 
frequently happens that really good rum is quite spoUt by being badly coloured, and this should 
therefore be strictly attended to. The best description of sugar for boding “ colouring ” is a well- 
grained muscovado, such as is commonly chosen in Jamaica. It is placed in a large copper or 
iron boiling pan, to which heat is applied. The contents are well-stirred up by means of a 
wooden oar or rake throughout the process. As the boiling 'proceeds, bubbles rise, large and 
heavy at first, then small and more quickly, the colour of the mass changing from brown to deep 
black. The fire is then withdrawn, and some strong proof mm is added, the whole being stirred 
hard meanwhile. When quite cool, it is poured into a cask and allowed to settle. Good colouring 
is quite thick, clear, and bright ; three pints should be sufficient to colour 100 gallons of spirit. * 
When coloured, the mm is filled into hogsheads for sale or shipment. ■ 

Pure mm, as made in the West Indies, is not often met with in commerce. The spirit which 
is so largely drunk in England as ram, is in reality nothing more than mixtures of British spirit, or 
“ silent ” spirit, as it is called, with small quantities of genuine mm, and of essence of rum, a 
butyric compound made for the purpose of preparing a fictitious mm. The greater portion probably 
contains no genuine rum at all, and consists merely of silent spirit, or beet spirit flavoured with 
this volatile essence. The consumption of rum is steadily declining in England, its place being 
taken by gin. The duty on the genuine article, if imported direct from any of the British Colo- 
nies, is 10s. 2d. per proof gallon, but if imported from any other part of the world, it is 10s. 5d. 
per gallon. It is consumed in considerable quantities in the Koyal Navy (see Alcohol from 
Molasses). 

Whiskey. (Fb., 'Whisky; Geb., Whisky.) The spirit obtained from the fermented wort 
of malt or grain, or from a mixture of these. The chief seats of the manufacture are in Ireland and 
Scotland; the very best of the Irish kinds comes from Dublin, and is known in the market as 
Dublin whiskey. ^ The difference between the Irish and Scotch varieties lies mainly in the fact that 
the former is distilled in tire common, or so-caUed “ pot still,” which brings over, together with the 
spirit, a variety of flavouring and other ingredients from the grain ; whUe in Scotland, nothing but 
Coffey’s “ patent ” still is employed, the product of which is a spirit deprived entirely of aU essential 
oils. The Irish distillers claim a distinct advantage in the presence of fusel-oil in their produce 
on the ground that, if kept in wood for a certain length of time, this oil is decomposed into a 
numto of volatile ethers, readily recognized by their fragrant perfume, and by their pleasant 
exhilarating effects when consumed. They assert further that the Scotch produce or “ silent spirit ” 
as they agree to term it, undergoes no change on keeping, and possesses flavour, but only the 
pungent penetrating odour, peculiar to alcohol ; and that in order to convert this silent spirit 
into whiskey, it has to be flavoured with different substances which have no exhilarating effects 
u^n the systems whatever, but are rather injurious to the habitual consumer. Another argument 
advanced by the Irish distiller in favour of his own produce is that as the spirit yielded by the 



ALDEHYDE. 


229 


patent still is absolutely flavourless, the Scotch manufacturer may, if he will, employ damaged 
grain, potatoes, molasses refuse, and various other waste products to yield the silent spirit, since, 
owing to its “silence,” there is no possibility of detecting afterwards from what source it has been 
obtained, and that not only are the distinctive qualities of good whiskey thereby kept out of the 
spirit, but that the spirit itself may also be of an inferior character. 

The Scotch distillers, on the other hand, affirm that Irish, or pot-stUl whiskey, is less whole- 
some than their own produce on account of the presence in the former of the large quantities of 
fusel-oU. They maintain, also, that patent still whiskey does improve very much by keeping, and 
brings a higher price in the market when oLl ; and they strongly repudiate the insinuation that 
they employ damaged or refuse materials, for the production of their spirit. 

The product of the pot-still, as stated above, does not contain merely alcohol and water, but also, 
in intimate mixture or in solution, other matters yielded by the grain, and either previously existing 
in it or formed during the processes of fermentation and distillation. These are present chiefly in 
the form of volatile oils and vegetable acids, and their quantity as well as their nature depends 
upon the quality of the grain, and the amount of care bestowed upon the fermentation and other 
subsequent processes. The finest Dublin whiskey, when made, is stored in large casks, at a strength 
of 25 per cent, overproof. During its sojourn in the cask, the reactions which occur between the 
above substances, and the alcohol itself lead to the gradual formation of those fragrant volatile 
ethers which impart to the spirit its characteristic perfume and flavour. It attains its full 
maturity and highest excellence at an age of from three to five years in tl)e wood ; after this 
period, it may be bottled and preserved for an indefinite length of lime without undergoing further 
change. 

Owing to the reputation enjoyed by whiskey of an Irish, or Dublin manufacture, an enormous 
quantity of both Scotch and English silent spirit finds its way to Dublin or Belfast, in order that 
it may be falsely palmed off upon purchasers, under cover of an Dish permit, as Irish whiskey. 
Genuine whiskey is put generally into old sherry casks, by which means a slight flavour and colour 
are afforded to it. Large quantities of an inferior sherry, known as “ Hamburgh Sherry,” are also 
employed in effecting the conversion of silent spirit into whiskey. The actual composition of this 
“ sherry” is not known, except by those who make it, but there is no evidence to show that it is 
harmful The process known as “blending” is largely resorted to for the purpose of introducing 
silent spirit into the market under the name of whiskey. In order to effect this, it is the custom 
to mix a quantity of coarse, new, strongly-tasted, genuine pot-still whiskey with an equal quantity 
of silent spirit, the value of which is about one-half that of the former kind, and to sell the mixture 
as old Irish whiskey. On account of the strong taste of the former spirit, and tlie absolute tasteless- 
ness of the latter, the effect of mixing the two is to produce a spirit which is much milder tlian the 
genuine Irish spirit employed, and which may be represented to the consumer as being of greater 
age and better qualify than it really is. This practice has been so widely carried on that enormous 
quantities of new whiskey, containing fusel-oil and other impurities, which in course of time would 
have undergone beneficial changes, have been consumed as old spirit simply through being diluted 
with silent spirit. It is possible, however, to distinguish readily between the two varieties. 
Genuine whiskey of mature age has an exquisite perfume, and when freshly opened soon fills the 
room with its fragrance. A few drops rubbed upon the palms of the hands retain their fragrance 
until completely evaporated ; whereas, the odour left by silent spirit, or counterfeit wliiskey, when 
submitted to the same test, is of a decidedly unpleasant nature (see Alcohol from Grain). 

aldehyde. — A volatile, mobile fluid, discovered by Dobereiner, who obtained it in an 
impure state, and named it light oxygen ether. It was afterwards prepared in a pure state by Liebig, 
who also demonstrated its constitution and properties. 

The composition of aldehyde may be represented by that of alcohol after the abstraction of two 
atoms of hydrogen ; then alcohol being represented by the formula CjHjO, that of aldehyde is 
CjHjO ; the word “ aldehyde ” itself is an abbreviation of “ alcohol dehydrojenatum." Aldehyde con- 
stitutes an intermediate stage in the oxidation of alcohol into acetic acid, and is produced by the 
destructive distQlation of alcohol, and many other organic compounds. There are very many methods 
by which aldehyde may be prepared, the following, by Liebig, being the best Two parts of 80 per 
cent, alcohol are mixed with two parts of water, three parts of peroxide of manganese, and three parts 
of oil of vitriol, and the mixture is introduced into a capacious retort fitted with a receiver, which 
is kept constantly cool. The contents are heated gently until they begin to froth, and the distilla- 
tion is arrested when the receiver contains about one-third, and the distillate begins to redden 
litmus. "When this is the case, it is mixed with its own weight of chloride of lime and redistilled 
until IJ part has baftn obtained ; this product is treated in the same way, and the distillate, 
amounting to about | part is mixed with twice its volume of ether, and saturated with dry ammonia 
gas. The crystals of aldehyde-ammonia obtained are washed with ether and dried ; two parts are 
then dissolved in water, and a mixture of three parts of sulphuric acid with four parts of water is 
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added ; the whole is next distilled at a low heat, on the water-bath, and the vaponrs of aldehyde 
are condensed in a receiver surrounded with ice, after being dehydrated by passing over chloride of 
calcium. 

Aldehyde is a thin, colourless fluid ; it is very inflammable, burning with a pale, bluish flame. 
Its specific gravity is O’ 800, and its boiling point 21°. It possesses a very pungent odour, mixes 
in any proportion with water, alcohol, and ether, and readily dissolves iodine, sulphur, and 
phosphorus. Aldehyde combines with aniline, forming a brilliant violet colouring matter dis- 
covered by Charles Louth. It is prepared artificially in an impure state for this purpose. 

The word aldehyde seems now to signify any compound which yields an alcohol by taking up two 
atoms of hydrogen, or an acid by taking up two atoms of oxygen. Some compounds which are 
classed as “ aldehydes ” (for this reason), enter largely into the composition of various essential oils^ 
such as those of bitter almonds, cinnamon, rue, &c., and, with the knowledge of this fact, it may be 
possible to prepare these oils artificially on a large scale. 

ALTCAT.TTIS . (Fb., Alcali; Geb., Alkali.) The name alkali, in its widest sense, is given to a 
large class of compounds which possess certain distinctive properties. In its most restricted sense 
it is applied to four substances only, viz. potash, soda, lithia, and ammonia : and these four sub- 
stances are usually called the alkalies prayer. But under the same title are included the hydrates 
of the metals barium, strontium, and calcium, which possess alkaline properties to a greater or less 
degree ; these are commonly known as the alkaline earths. A large number of organic bodies, both 
natural and artificial, are also classed as alkalies under the generic title of organic alkalies or 
alkaloids. Each of these classes will be treated of in detail in the following articles, and it will be 
necessary here only to state the characteristic properties which are common to the three. They 
are (1) solubility in water ; (2) they neutralize the most powerful acids, and with the weaker acids 
from salts having alkaline properties ; (3) they exert a caustic or corrosive action upon animal and 
vegetable matters ; and (4) they alter the colours of many vegetable colouring matters, such as 
litmus, turmeric, and others. 

Organic Alkalies, or Alkaloids. — ^Numerous vegetable, and some animal substances, have 
been classed as alkalies, on account of the very striking analogy which they present, in consti- 
tution with the volatile alkali, ammonia. Prom the processes by which some alkaloids have been 
prepared artificially, they are regarded by modem chemists as ammonia in which all or part of 
the hydrogen is replaced by a compound organic radical, composed usually of carbon and hydro- 
gen. All the alkaloids possess alkaline properties in some degree, and combine directly with acids, 
forming salts of more or less stability: some have a strongly alkabne reaction with vegetable 
colouring matters, but in others this reaction is much feebler. By far the larger number of organic 
alkalies are obtained from the vegetable kingdom, some few from the animal kingdom, while a 
considerable number have of late years been prepared on a small scale by various chemical 
processes. Among the vegetable alkaloids are found some of the most valuable medicines, such 
as aconite, hrucine, cinchonine, morphia, quinine, strychnine, #c. ; among these are also numbered many 
of the most vimlent poisons known. 

The method employed for the extraction of vegetable alkaloids from the plants which contain 
them is in most cases the same. If the alkaloid be soluble in water, as these compounds usually 
are, a strong infusion of the plant in pure water is made ; but if the alkaloid be insoluble, a little 
mineral acid is added to the water. This solution is filtered and concentrated, after which the 
alkaloid is precipitated with carbonate of lime, ammonia, or carbonate of soda. The precipitate 
is collected on a filter, washed, and dried. Wheu thoroughly dry, it is treated with alcohol to 
dissolve the alkaloid, and the solution is filtered and evaporated. The alcoholic solution usually 
requires decolorizing and purifying, which are effected in a variety of ways. Some of the most 
important alkaloids employed in medicine -will be considered below. 

Aconitine.— Tins alkaloid is obtained from the leaves of the Aconitum napellus. The leaves are 
infused in alcohol, and the solution is treated with milk of lime, which liberates the alkaloid in 
solution. To the filtered liquid a little sulphuric acid is added, and the precipitated sulphate of 
lime is filtered off. The filtrate is evaporated until free from alcohol, when the aconitine is 
precipitated by an alkaline carbonate. This precipitate is re-dissolved in alcohol, and the solution 
is decolorized by animal black, and evaporated to dryness. The residue is re-dissolved in 
sulphuric acid, and precipitated anew with an alkaline carbonate ; the precipitate thus obtained 
yields pure aconitine on treatment with ether. It is deposited from this solution in a white 
powder, or sometimes in the form of a compact, transparent, vitreous mass. It is inodorous, 
intensely bitter, and dissolves in fifty parts of boiling water; its solution is powerfully alkaline. 
A very small quantity causes death with violent tetanic convulsions. • 

Atropine . — Atropine is found in the belladonna (_Atropa hellaionna), and in the roots of the Datura 
stramonium. It is obtained from the latter by exhausting the roots with alcohol and adding milk 
of lime to the solution. The liquid is filtered and saturated with a slight excess of dilulo 
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^Iphnric acid ; it is then boiled till free &oin alcohol and precipitated with carbonate of potash, 
filtered and allowed to stand ; the atropine is deposited in fine, silky needles, and subsequently 
purified by frequent crystallization in alcohol. Care must be taken not to raise the temperature too 
high in these processes, as atropine is extremely volatile. It is slightly soluble in water, and con- 
siderably so in alcohol and ether. It is very alkaline, and has an intensely bitter taste. It is used 
in medicine, in minute doses, a full one being abont 5 ^^ ^ grain. 

Brucine . — Brucine is contained in the St. Ignatius bean, and in the Strichnos nux vomica, along 
with strychnine. It is generally prepared from the latter plant, which is much cheaper. The 
powdered nuts are treated with very dilute, boiling sulphuric acid, and expressed. The acid is 
next saturated with excess of milk of lime, by which sulphates of lime, strychnine, and brucine are 
thrown down. The precipitate is collected on a filter, and dried, and then treated with boiling 
alcohol, which dissolves the two alkaloids. The liquid is filtered while hot, and in cooling 
deposits the greater part of the strychnine. The brucine remains in solution and may be obtained 
by evaporation. They are both purified by repeated crystallization in alcohol. Brucine is slightly 
soluble in water, freely soluble in alcohol, but insoluble in ether. It is alkaline, bitter, and very 
poisonous. 

Cinchonine . — Thia alkaloid exists with quinine in most of the cinchona barks, and is obtained 
from them in the same way as quinine (see Quinine). The mother-liquors containing sulphate of 
cinchonine, are precipitate with carbonate of soda, and the precipitate is digested in ether, which 
dissolves the quinine. The cinchonine is dissolved in alcohol, and the solution is decolorized with 
animal black ; it is next filtered and submitted to slow evaporation, when the cinchonine is depo- 
sited in quadrilateral crystals. Cinchonine Is insoluble in cold water, but soluble in 2,500 parts of 
boiling water. It is alkaline and bitter, and like quinine, a febrifuge, though in a less degree. 

Morphine. — ^Morphine, or Morphia, is the most important alkaloid obtained from opium. To 
obtain it, the opium is digested in tepid water, and strongly expressed several times. The solu- 
tion is now evaporated down with powdered carbonate of lime. When about the consistence of a 
syrup, water is added, and the precipitated meconate of lime is filtered off. The liquid is again 
concentrated at a gentle heat. When concentrated and quite cold, a solution of chloride of 
calcium and a little hydrochloric acid are added, and the mixture is left to stand for fifteen days. 
During this time crystals of hydrochlorates of morphine aud codeine are deposited. In order to 
separate these, the crystals are dissolved in water, and treated with dilute ammonia, which 
precipitates the morphine, leaving the codeine in solution. The morphine is purified by repeated 
crystallizations in alcohol. When prepared in this way, morphine is often contaminated with a 
little narcotine, which may be removed by treating with ether in which morphine is quite insoluble. 
Morphine is very slightly soluble in cold water, in boiling water it is more soluble, aud still more 
so in boiling alcohol. It has no smell, but an intensely bitter taste, and has a powerfully narcotic 
action. It is used medicinally in very minute doses as a sedative. In larger doses it is extremely 
poisonous. 

Quinine . — Quinine is, perhaps, on account of its tonic and febrifuge properties, the moat im- 
portant alkaloid known. It exists with cinchonine and other substances in the bark of the 
cinchonas. The bark is powdered, and boiled several times with sulphuric, or hydrochloric acid ; 
after each boiling it is carefully expressed, aud afterwards the liquors are mixed together. The 
quinine, cinchonine and some impurities are precipitated with carbonate of soda, and the precipi- 
tate is collected in a cloth, compressed, dried, and digested with alcohol. The solution is next 
treated with dilute sulphiuric acid, in sufficient quantity to exactly saturate the alkaloids, after 
which the alcohol is removed by boiling. The liquid is now allowed to cool, when the quinine is 
deposited as sulphate in crystals. The cinchonine, which is more soluble, remains in the mother- 
Uquors. The crystals of sulphate of quinine are dissolved in alcohol, and the solution is decolorized 
by the addition of a little animal black ; they are subsequently purified by recrystallization. If the 
mother-liquors stUl contain quinine, they are precipitated by carbonate of soda, and the precipi- 
tate is re-dissolved in sulphuric acid. The sulphate of quinine is separated by repeated crystal- 
lizations. Bure quinine may be prepared from the sulphate by precipitating it with a mineral 
alkali. 

Prepared in this way, quinine forma a white amorphous mass. It is inodorous, very bitter, 
soluble in about 350 parts of cold water, and 400 parts of boiling water, in 2 parts of cold alcohol, 
60 parts of ether, and 6 parts of chloroform. Quinine is a powerful alkali ; it alters vegetable 
colours, and fornas a series of well-defined stable salts, among which is a soluble carbonate. Sul- 
phate of quinine is much valued as a medicine, and as it is very expensive, it is much adulterated. 
The principal adulterations are crystallized sulphate of lime, boric acid, sugar, salieine, m. nuite, 
stearic acid, and the ^phates of cinchonine, and quinidiue. Imperfect purification, however, will 
often account for the presence of the two latter. 

Strychnine . — Strychnine is contained in the Strychnos nux vomica and in the St. Ignatius bean. 
The method of preparing it has been described under Brucine. 
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Strychnine is colonrless and inodorons, bnt has am extremely bitter taste. It dissolves in 
6667 parts of cold water, and in 2500 parts of boiling water. It is a most deadly poison, 
half a grain being sometimes sufficient to cause death, though its effects vary with different 
individuals. It is much valued as a medicine for paralytic disorders, but the utmost care should 
be taken in the use of it, for very many deaths have been caused through carelessness in adminis- 
tering too large doses of this dangerous remedy. It was formerly largely made use of for the 
purposes of the poisoner, but chemical science has rendered the detection of it so easy and so 
certain that it has happily been abandoned of late years. It is an ingredient in various poisons for 
vermin, beetles, &e., though it is not by any means to be recommended for this purpose. 

Alkaline Harths. — The term “alkali” formerly comprehended only the four substances, 
potash, soda, ammonia, and lithia. It has now, however, come to be used in a much wider 
Sense, comprising a very large number of bodies possessing similar properties to the four above- 
mentioned. Among these are the metallic oxides, baryta, lime, and strontia, to which were 
given the name of the “alkaline earths” probably to distinguish them from certain other earths, 
not possessing the properties of an alkali, such as alumina and magnesia. The distinguishing 
characteristics of the alkalies are their solubility in water ; their power of neutralizing acid ; the 
corrosive action exerted by their aqueous solutions all animal and vegetable matter; and the 
property of changing the colour of vegetable colouring matter, such as litmus and turmeric. AU 
these conditions are fulfilled to a greater or less extent by the alkaline earths ; the only point of 
difference seems to be that their carbonates are insoluble, or almost insoluble in water : whereas the 
carbonates of the alkalies proper are very freely soluble therein. 

Baryta, BaO. This earth may be prepared by the ignition of the nitrate or carbonate of 
barium. When required in quantity the best method consists in heating in a porcelain retort a 
mixture of nitrate and sulphate of baiium, the weight of the latter being slightly in excess. If the 
nitrate be heated alone, it fuses and is apt to attack the porcelain. A strong red heat is required. 
Baryta is also prepared by heating the carbonate with one-tenth of its weight of lamp black; the 
mixture is made into a paste with- oil, and subjected to a white heat, in a porcelain or earthenware 
crucible. 

Baryta is extremely caustic, poisonous, and strongly alkaline. It is infusible, except in the 
oxyhydrogen blow-pipe flame. It unites readily with water, forming the hydrate BaHO. It is 
soluble in ten parts of boiling water ; this solution is used in the laboratory as a test for sulphuric 
acid. Baryta is also used in sugar-refining (see Sugar). 

Lime, OaO. When carbonate of lime is strongly heated, it decomposes, forming lime and estf- 
bonic acid gas. This process is conducted on a very large scale, and is called “ lime-burning ” 
(see Lime). Lime does not exist naturally, but, in combination with carbonic acid, it constitutes a 
considerable portion of the earth’s crust. It is a hard, white powder. It is absolutely unaltered by 
the highest known temperatures. It absorbs water eagerly, giving out much heat and forming the 
hydrate or “ slaked ” lime, CaHO. The applications of this substance to the arts and manufactures 
are exceedingly numerous, and will be considered under the article on Lime. 

Strontia, SrO.— ^Strontia does not occur naturally, but it may be prepared by igniting either the 
carbonate, strontianite, which is found in the lead mines of Strontian, in Argyllshire, or the 
sulphate, celestine. It is of a greyish-white colour, infusible except the oxyhydrogen blow pipe 
flame, and has a strongly alkaline reaction. It combines readily with water, giving out heat and 
passing to the hydrate, SrHO, a fine white powder. The salts of strontium are extensively used 
in pyroteohny for the preparation of “ red fire ” (see Pyrotechny). 

Ammonia, (^s., Ammoniaque-, Gw., Ammoniak.') Formula, NH,. 

We are indebted, probably, to the Romans for the name of this substance, its source being 
a district near Libya called Ammon, Amun, an Egyptian god, being worshipped at this place. The 
Egyptians were in all probability acquainted with ammonia in some form, alchough by what name 
it would be idle to conjectmo. 

Under ordinary temperatures and pressures, ammonia has all the properties of a permanent 
gas ; it can be liquefied and even solidified. Faraday succeeded in liquefying this gas under a 
pressure of six and a half atmospheres, at the temperature of 5°, into a colourless and nearly 
odourless liquid, which solidified into a white translucent crystalline mass at — 75°. One volume 
of the liquid raised to 15° at the pressure of 30-2 inches, formed 1009-8 volumes of the gas. 
It is very soluble in water, from which it can be again expelled by boiling ; it is, however, impossible 
to entirely remove all the ammonia when water has once become impregnated with it. 

At 0°, water takes up 1050 times its volume of the gas, and at 25° it takes up 580 times its 
volume, and has then a sp. gr. of 0-880. This liquid is known in commerce under the name of 
•‘Liquor Ammonia Fortiss.”; it possesses strongly alkaline properties; dilfcted with three times 
its volume of water it forms the spirit of hartshorn of pharmacy. It mixes with the fatty oils 
and acids, and forms salts corresponding to those of the alkalies ; mixed with olive oil, it forms the 
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“hartshorn and oil” of medicine, and is the basis of many stimulating embrocations: it dissolves 
resins, and other vegetable principles, forming ammoniated tinctures and varnishes. Hatter’s 
varnish is made by dissolving shellac in a solution of ammonia. In some pharmacopoeial pre- 
parations it is used mixed with alcohol, for extracting resinous or resinoidal matters ; after the 
extraction of the vegetable principles by this mixed solvent, the alcohol is sometimes drawn off by 
distillation, as in the manufacture of a strong essence of ginger for making “ginger beer,” &c. 

The composition of ammonia is expressed by the formula NH., it is not extensively met with 
as a natural product, its chief commercial sources being the waste products obtained in the 
destructive distillation of animal and vegetable substances containing nitrogen, such are the “ bone 
liquor ” obtained in the preparation of animal charcoal used in sugar refining, &c., and the “ gas 
liquor” obtained in the destructive distillation of coal for illuminating purposes. 

The more important preparations of this substance are : — The strong aqueous solution of the 
gas, “ Liquor Ammonia Fortiss.” Sulphate of ammonia, nsed extensively as a manure, and for 
tlie production of other ammuniacal preparations. Chloride of ammonium, used for manufacturing 
other salts of ammonia, galvanizing, galvanic batteries, and as a fiux. Carbonates of ammonia, for 
confectionery and medicinal uses. Sulphide, oxalate, nitrate, phosphate, and bromide of ammonium 
used in photography, chemistry, &c. Ammonia and its compounds enter into combination with 
many metallic substances, forming important series of double compounds, having special though 
limited applications to the industrial arts and manufactures. 

The minor salts of ammonia are obtained by neutralizing an acid with the carbonate, for 
neutral salts, or by dividing a solution of a known weight of the carbonate into definite parts, neutra- 
lizing one portion first, then adding the remainder for basic salts, and vice versa for acid salts. 
Nitrate of ammonia is employed for the production of nitrous oxide gas, which is at present 
largely used by dentists. This salt should be perfectly neutral in its solution ; 4 ounces of the dry 
salt heated in a glass retort should yield one cubic foot of the gas at the ordinary temperature and 
pressure. As this gas is soluble in water, which takes up three-fourths its volume of the gas, it should 
be washed and collected over warm water. Phosphate of soda and ammonia, or sodium ammonium 
hydrogen phosphate is an important chemical reagent for separating magnesia. The dry and fused 
salt is employed as a flux; it is prepared by dissolving 6 parts of crystallized disodium hydrogen 
phosphate (ordinary phosphate of soda), and one part of ammonium chloride in two parts of boiling 
water, the double phosphate crystallizes out on cooling, aud may be freed from the sodium chloride 
which is formed, by recrystallizations, from a small quantity of boiling water containing a little 
ammonia. Schweitzer’s solution, which is employed for dissolving and separating cotton fibres 
from silk, wool, &o., is made by simply dissolving the recently precipitated oxide of copper in strong 
liquid ammonia. 

The sulphides of ammonium are formed by saturating the solution with well-washed sulphu- 
retted hydrogen, or by distilling a mixture of the alkaline sulphides or iron pyrites with 
sal-ammoniac or the sulphate. 

Ammonia exists, or rather is found after a short time, in animal excreta, the earliest source of 
this substance, as far as we know, being the excrement of the camel, in which the Egyptians at one 
time carried on an extensive trade. It exists ready formed in the excreta of certain serpents, as the 
boa, in the form of urate of ammonia, and which a few years ago was largely prescribed for con- 
sumptive patients by an eminent London physician. Human urine yields, when fennented.a large 
quantity of ammonia, which results from the oxidation of urea ; this has been utilized as a source 
of ammonia. Schoenbein has shown that ammonia is formed when water is evaporated in atmo- 
spheric air, and that nitrate of ammonia is produced in many cases of combustion. He accounts 
for the presence of ammoniacal salts in volcanic vapours, &c., by evaporation only, since he con- 
siders it impossible that nitrogenized matters can be present in volcanoes. 

In 1861, Mr. Manning patented an arrangement for collecting ammonia from the waste gases 
arising from combustion, as in factories. It is obvious that this is scarcely practicable where the 
conduction of the furnace smoke into chambers or other reservoirs is likely to interfere with 
the draught. On the other hand, the sooty matter from chimneys was for a long time an important 
source of sal-ammoniac. Ammonia exists in chimney soot, principally as carbonate, sulphate, and 
chloride; to the agriculturist it is an important fertilizer. The ammoniacal salts from soot are 
easily extracted by percolation with warm water, but better still by digestion with agitation. By 
sublimation, the ammoniacal salts are driven over, mixed with tarry matter, from which they are 
separated by conversion into sulphate, and crystallized. Although this substance is so rich in 
ammonia, it does not appear to be used for its production. The liquid obtained from the soot by 
boiling does not give rise to that objectionable frothing, when heated with milk of lime, which 
takes place with gas ^r bone liquor ; it seems, therefore, eminently adapted for the production of 
liquor ammonia, especially on the small scale. The gas, after washing, may be passed into a 
suitable vessel or receiver containing acid, for the production of its salts. For the collection of 
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ammoniacal salts from the waste gases given off during the combostion of coal in factories, it is 
necessary to avoid any obstruction to the draught. But still there is a very promising field open 
for the application of a well-^levised method for condensing and collecting the ammoniacal salts 
given off when coal is consumed in a factory furnace. 

In 1841, a patent was obtained for the application of a particular apparatus, which was 
hitherto used in this country for distilling alcohol, to the production of ammonia. It is shown 
in Fig. 194, and consists of an upright vessel W, divided into compartments d, by perforated 
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diaphragms of sheet iron. Fitted to each diaphragm are several small valves, weighted so as to 
rise whenever the accumulated gas has attaint a desirable amount of pressure ; the valve being 
lifted or forced up allows the gas to enter the second compartment, and so on through each succes- 
sive division. A pipe A is attached to each diaphragm, which projects about an inch above its 
upper surface, and reaches below nearly to the bottom of a small cup B, fitted ou the upper side of 
the next diaphragm. This pipe allows the downward flow of the liquid, which enters for distilla- 
tion at K, in the upper part of the apparatus. When these small cups are filled with liquid, the 
ends of the tubes reaching into them are closed, which prevents the upward passage of the gas through 
ttese tubes. The apparatus is connected to an air-tight receiver E. in which the descending liquid 
is accumulated. The receiver is supplied with an outlet G, and stopcock for drawing off the liquid, 
and near the top a pipe or inlet for steam S. o m > 

The liquid undergoing distillation covers the upper surface of these perforated diaphragms, as 
the pressure of the steam being upwards prevents the liquid falling through the small perforations 
and as the steam cannot ascend but through these small holes, the liquid lying on them becomes 
heated, and in consequence readily parts with its gaseous or volatile matters. The object of this 
arraugement is simply to expose a large surface of the liquid to the action of the heat ; the liberated 
ammonia escapes by the weighted valves to the outlet H at the top. According to the inventor the 
management of the apparatus varies in some measure with the form in which it is desired to obtain 
tbe ammonia. If the ammonia be required to leave the chamber as gas, the steam, which ascends, 
and the ammoniacal liquid, which descends, must be so adjusted that the ammnnin cal iiq„ia is only 
slightly heated during its passage through some of the upper compartments, becoming progressive! v 
hotter as it descends. If the ammonia is to be collected and condensed with the vapour of water 
the supply of steam mwt be such that the ammoniacal liquid in the upper fSrt of the apparatus is 
maintained at the boiling jwint. The advantages possessed by this arrangement are, that a largo 
evaporatmg surface is obtained, and a continuous flow of the liquid to be distilled can be main- 
tained. The apparatus is generally made of wood lined with lead. There is no particular limit 
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to the number of compartments ; but the distillation will be more complete by increasing the 
number of them. In the figure P is a pump for supplying from the tank T a steady flow of fresh 
liquid into the stUl. The gas may be passed through coolers, or direct into water or acid. The 
fluid collecting in E may be maintained at the boiling point for a short time before being allowed 
to' run away, so as to make sure that all the ammonia is expelled. 

Ammonia from Gas Liquor . — The ammoniacal fluid collected in the manufacture of gas from coat 
contains both free and fixed ammonia. Its value as a source of ammonia is generally regulated by 
its specific gravity. A liquid having asp. gr. of 1 "023 should yield about 1200 grains per gallon of 
ammonia by boiling alone, and on the addition of caustic lime should yield about 200 grains per 
gallon. Converted into sulphate, the total ammonia should amount to about 80 lb. per 100 gallons 
of the liquid. 

The quantity of ammonia contained in gas liquor is subject to great variation, due partly to the 
coal itself and to the quantity of water which is produced'during the distillation. All the nitrogen 
contained in coal is not converted into ammonia ; cyanogen compounds are also produced, which are 
condensed as weU. Probably the temperature of the retorts when the coal is thrown in, or the 
rapidity of the heating, may influence the changes which take place. 

When coal is distilled a quantity of impure hydrocarbons ore formed ; these, together with the 
water and other volatile matters, pass from the retorts, and are separated from the gas as it leaves 
the hydraulic main, the gas being received in the holders, whilst the matters separated from it flow 
into large wells or underground tanks. On standing, a separation takes place, the watery portion 
which contains the ammonia and its salts falling to the bottom, and the hydrocarbons floating on 
the top. The watery portion is known as “ gas liquor,” and the black oily portion is called “ gas 
tar.” 

One ton of good cannel coal will yield about 8 gallons of gas liquor. The gas liquor is pumped 
up from these tanks as required into suitable reservoirs for removal, such as boilers or tanks, which 
are fixed on railway trucks or waggons, for conveyance by rail or road, or barges where water transit 
is available. The latter is the most convenient and economical, the barges are of large capacity, 
and fitted with tanks capable of holding from 80 to 100 tons of liquor. The liquor, at its destina- 
tion, is pumped into large tanks, usually constructed of masonry and wood, from which it is sup- 
plied either to the boilers or stills as required, or mixed with acid at once for the production of 
salts, the gases which are liberated in this latter case being conveyed to the furnace and burnt. 
As a large quantity of sulphur compounds are disengaged, it has been proposed to utilize the gases 
for the production of sulphuric acid. 

The treatment of the crude liquor with acid does not appear to be so extensively practised as it 
was a few years ago, it seems more usual at present to bring the liquor into some more easily 
manageable bulk, which is effected, by distilling with milk of lime when all the ammonia is to be 
recovered, or by driving off the free ammonia, by heat alone, when circumstances render the 
recovery of the combined ammonia unremunerative. 

The best method for treating the gas liquor is evidently a matter to be determined by local 
conditions; for instance, the erection of a large plant in London, to work on the principle of 
saturating the liquor at once, could scarcely be so profitable an undertaking as the same arrange- 
ment carried out where land is so muph cheaper. There are some localities where the lime refuse 
used iu liberating the combined ammonia would either accumulate to become a serious nuisance, or 
would have to be carted away, and land purchased to discharge it upon. Such a thing could not be 
thought of iu a city like our own metropolis. Where large quantities of acid and liquor can be 
easily and cheaply obtained, it is evidently more economical, especially where land is dear, to avoid 
the accumulation of useless refuse, and to work up the liquor in the quickest possible way ; this at 
present necessitates the throwing away of a large quantity of the combined ammonia. The advan- 
tages of this latter method are the compact form which the plant may be made to take, and, the 
conditions of the raw supply being favourable, the rate at which the salts of ammonia may be 
obtained ready for the market. 

Ammonia from Tar , — 'When the tar from gas works is distilled, a quantity of ammonia pEisses 
over at the commencement of the operation which is condensed in lead chambers with sulphuric 
acid ; the sulphate thus obtained is supplied principally for agricultural manures. It is generally 
contaminated with all the impurities found in commercial sulphuric acid. 

Frequently the tar as received from the gas works is run off into large tanks, and the ammonia 
liquid drawn off by decantation, neutralized with sulphuric acid and evaporated in iron pans. 

The crude salt obtained from the tar fetches about 201. per ton. Being impregnated with 
several volatile matters, it can scarcely be used for the manufacture of other ammoniacal prepara- 
tions, and without conSderable expense and trouble. 

As commercial sulphuric acid contains more or less arsenious acid, it is easy to conceive that 
the continued use of large quantities of this salt as a fertilizer may become a subject of great 
interest to the toxicologist. 
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Aqueous Solution of Ammonia. — Water absorbs Ammonia with avidity. 1 volume of 
water at 0° dissolves 1050 times its own volume of the gas, and at 25° 580 times its volume. 
The Liquor Ammonia Tortiss. of commerce has a specific gravity of O' 880 and consequently 
contains 38 ■ 2 per cent, of ammonia. The absorption by water gives place to a rise of tem- 
perature ; consequently in tlie manufacture of this article it is necessary to surround the vessels 
in which it is collected with ice ; some manufacturers place ice in the condensers themselves, 
which rapidly takes up the gas and becomes liquid ; on account of this, a sm.all residuum 
will be found on evaporating a little of the solution to dryness in a platinum dish and igniting. 
When made in glass vessels it will be found to act slightly on the glass ; earthenware allows 
the gas to escape though its pores, it is said, and consequently it is made on the large scale 
by condensing in vessels of iron. Copper or lead are not admissible, as their oxides are dissolved by « 
ammonia. A quantity of sal-ammoniac (this is the salt usually employed, as a soluble salt of lima 
is formed, which c,rn be easily removed from the retort) is placed in an iron retort, with IJ to IJ 
times its weight of slaked lime, and the same quantity of water ; the retort is connected with a series 
of Woulfe’s bottles, made of cast iron, which are kept perfectly cool. The apparatus is shown in 
Fig. 195. A is a two-branch piece leading from the still, so as to connect with two series of bottles. 

W is a wash-bottle, with outlet O, so as to draw off the accumulating water ; B B' B" and B"' 
are bottles containing water or ice ; C, a circulating pipe ; P, a pressure-gauge or safety-tube ; D, 
an outlet for the ammoniacal solution ; and B, the connection for the still. In the first bottle, W, the 
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water and the impurities which are mechanically carried over are condensed or arrested. The retort 
is gradually heated so as to give a slow current of gas and to ensure its absorption. The bottle 
nearest the retort will become strongly saturated, whilst those in succession will be more or less 
impregnated with the gas. As soon as the contents of the first bottle are fit for removal, they can be 
drawn otf and the bottle filled either with fresh water, or the weaker solution from one of the next 
bottles. Since the solutions are lighter according to their degrees of saturation, a convenient 
method is to connect the bottles together at their lower tubulures, and to make the shorter limb of 
the leading tubes dip just under the liquid, so that the pressure of the gas will drive the lighter 
and more highly charged portion over into the next receiver and so on to the end of the series, the 
heavier portions are then driven towards the retort, which serves to create a circulation of the 
liquid and gives an equal degree of saturation. The retort may be heated in a water bath or by 
means of a steam jacket. W and B, &c., are Woulfe’s bottles. W receives the impurities and 
steam coming from the retort. B B', &c., are Woulfe’s bottles in which the absorption takes place. 
A safety tube P, and outlet for drawing off the liquid should be supplied to each bottle. Lime 
being liable to great variation, it is necessary to use this article in excess. This method of 
preparation suggests a means of testing the lime which is convenient and simple. The lime is 
first sampled as carefully as possible, and a weighed quantity, say 100 grains, is taken and placed 
in a weighed filter ; a warm solution pf sal-ammoniac, rather strong, is poured over the lime and 
continued as the liquid filters away with any lime in it (which can be determined by means of 
oxalate of ammonia) ; the residue on the filter is well-washed, dried and weighed ; the loss indicates 
the amount of caustic lime present. Good hard stone lime can be obtained which keeps better 
than the softer kinds, yielding 95 per cent, of caustic lime. 


AMMONIA. 


237 


In the manufacture of liquor ammonia, where the use of ordinary ice is inadmissible, and it is 
necessary to employ distilled water, the gas may be conveniently cooled by being passed through 
a long series of tubes surrounded with cold water, or a freezing mixture, before being conducted 
into the water. 

In 1867, Mr. Eeece obtained a patent for producing cold by the evaporation of liquid ammonia 
in a special form of apparatus, the same arrangement is claimed of nearly anhydrous ammonia. 
It consists essentially of a boiler, an analyzer, which, with slight modifications, resembles Coffey’s 
ammonia still, a rectifier and a condenser. The other portions of the apparatus belong to its 
refrigerating functions and the collection of the volatilized ammonia. From the condenser the 
ammonia may be passed into water contained in Woulfe’s bottles, or any suitable receiver. Mr. 
Eeece works his apparatus for refrigerating to a pressure of eight atmospheres, but for producing 
liquor ammonia there is obviously no occasion to work beyond the ordinary pressure. 

The boiler may be supplied with gas liquor, or an ammoniacal salt dissolved in water, to which 
milk of lime or a caustic alkaline solution may be added. On heating the contents of the boiler, 
the ammonia and steam together pass into the analyzer, thence into the rectifier, which is kept 
well cooled ; the rectifier, which consists of a series of straight tubes, open at both ends, and, fitting 
into chambers, allows the condensed steam to fall back into the analyzer, from which it flows into 
the boiler again ; the gas finally passes into the condenser almost free from water. The operation 
is continued until all the ammonia is expelled from the boiler and analyzer. 

The ammonia accumulating in the condenser may be liquefied provided the pressure be suffi- 
ciently high, and the analyzer supplied with a solution of ammonia. The liquefied ammonia is 
allowed to flow into a suitable vessel containing tubes or coils through which the liquid to be 
cooled is made to traverse. By the abstraction of heat the ammonia becomes gaseous, and is led 
back again to the analyzer or rectifier. 

For freezing purposes liquids of a non-congealable character are passed through the tubes untU 
the temperature is sufficiently low ; for this purpose a solution of chloride of calcium is preferred. 

There are several methods in use for expelling ammonia from the raw gas liquor, or the mixture 
of the liquor and milk of lime, viz. by heating in large boilers fixed in masonry, so that the direct 
action of the furnace fire may be employed ; by the injection of high pressure steam into the heated 
liquor, or the circulation of steam through tubes traversing the vessel containing the liquid, or by 
blowing a current of air through the liquid. 

The method which has lately been most strongly advocated for expelling the ammonia, especially 
for the production of sulphate, is that known as the “ steaming process,” and which consists in 
injecting into the liquor high pressure steam through numerous small orifices, in a tube or series 
of tubes circulating through the liquor. To the manufacturer it is a matter of great importance 
not only to know that he is obtaining the maximum amount of ammonia, attainable by the process 
he adopts, but to get off the ammonia with the least possible consumption of fuel. In any case it 
is advisable to heat the liquor before passing into the stills or boilers ; this is generally done by the 
waste steam from the evaporating pans or heat from the flues ; preference however is given to the 
steam, which should circulate through the liquor, so as to avoid further dilution. 

The injection of the steam as jets into the liquor does certainly not appear so economical a process 
as the testing with circular coils, for the waste steam and water from the coils may be made to heat 
the evaporators, or may be turned to account in other ways, or returned to the boilers themselves ; 
on the other hand, the waste liquor itself may be utilized for some of these purposes, so long as 
there is no fear of fouling or stopping up the pipes, &c. From an economical point of view, as 
regards fuel, the expulsion of the ammonia by steam circulating in pipes may be the best, but if 
the injected steam facilitate the escape of the ammonia, even with an extra consumption of fuel, 
there may be circumstances under which it may be a more desirable process to adopt. 

The following estimate of the cost of producing 1 ton of ammonium sulphate by the steam 
process is given by a manufacturer of large experience : — 


£ s. a. 

Glas liquor (average) 11 0 0 

Coal (20 cwt. at 18s. 6d.) 0 18 6 

Lime (5 cwt.) 040 

Acid (20 cwt.) 2 50 

Wages 0 6 8 

Packages 0 5 0 

Management, rent, &o 0 5 0 

• 


£15 4 2 


The coal here estimated for is large and of good quality, such being found to pay best 
in the long run, except where slack is readily obtainable at a very low cost. The quantity 
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of 20 cwt. may be considered excessive, many manufactarers being ef opinion that it is possible 
to work with 15 cwt. 

Fresenius has published the following method for preparing a solution of pure ammonia, which 
is very convenient for working on a small scale. Six and a half kilogrammes of ordinary commercial 
crystallized chloride of ammonium, and 3' 5 kilogrammes of sulphate are mixed together and passed 
through a sieve so as to break up any large masses of the salts. The mixture is placed in the 
retort in layers, with intervening layers of hydrate of lime prepared by moistening 10 kilogrammes 
of lime with 4 of water. The whole mass is then moistened with 8 kilogrammes of water. 
The gas is first washed in an iron Wonlfe’s bottle, attached to which is a glass tube for 
showing the height of its contents; to one of the tubulnres is fixed a glass balloon which the 
gas traverses before entering the refrigerator. The receiver, which may conveniently be a 
large carboy, contains 21 kilogrammes of distilled water. The wash bottle is supplied with a 
top so as to remove a portion of the liquid which passes over from the retort. The use of the 
chloride and sulphate possesses the advantage that the residuum is easily removed from the retort, 
the sulphate of lime which is formed prevents the chloride of calcium which is also formed from 
producing a mass, and less water is also required when operating with the mixture than with the 
sulphate only. After 5 or 6 hours the greater part of the ammonia is distilled, the gas which is 
still disengaged may be collected in another receiver with more water than is sufficient to dissolve 
it completely. At this period of the operation the upper part of the wash bottle is filled with 
white vapours. These vapours indicate the drying of the contents of the retort and the decom- 
position of organic matters. On the appearance of the vapours the receiver must be taken away 
and replaced by a smaller one. This product becomes milky and is reserved for a future 
operation. The great point in this is, that the residue is more easily managed in its removal 
from the retort. If it was necessary to recover the chloride of calcium from this waste, it could 
be easily dissolved out with warm water. Carbonate of ammonia, chlorine, lime, copper or lead, 
and a little organic matter, containing carbon, are its principal impurities. A sample when made 
may be free fiom carbonic acid, but contain carbonate of ammonia from absorption of carbonic 
acid from the air; the contamination with copper or lead may be avoided by using iron vessels and 
connecting pipes. The carbonaceons matter may arise from the salt employed, or the lutes used in 
making the joints. When pure, it is colourless and leaves no residuum on evaporation ; by heat 
in open vessels it rapidly loses its gas, consequently it should be kept in well stoppered green glass 
bottles in a cool place. An alcoholic solution of ammonia may be prepared by passing the gas into 
alcohol containing 85 per cent, to 90 per cent, instead of water. 

It is a common practice to determine the strength of an ammoniacal solution by reference to its 
specific gravity ; it is obvious that if the solution contain any soluble matter other than the gas 
itself, its specific gravity cannot be taken as representing the strength or degree of saturation with 
the gas; it is therefore desirable to ascertain the absence of fixed impurities by evaporating a 
known quantity on the water-bath. Should no residuum be left, the quantity of gas present may 
be accurately found by reference to a table of specific gravities. 

The following table given by Otto is regarded as being reliable, the determinations being made 
at 16°. 


Specific 

Gravity. 

Per cent, of 

Ammonift- 

• -9517 

12-000 

■9521 

11-875 

•9526 

11-750 

•9531 

11-625 

•9536 

11 -.500 

•9540 

11-375 

•9545 

11-250 

•9550 

11-125 

•9555 

11-000 

•95.56 

10-950 

•9559 

10-875 

•9564 

10-750 

•9569 

10-625 

•9574 

10-500 

•9578 

10-375 


Specific 

Gravity, 

Per cent of 
Ammonia. 

•9583 

10-250 

•9588 

10-125 

•9593 

10-000 

•9597 

9-875 

•9602 

9-750 

•9607 

9-625 

•9612 

9-500 

•9616 

9-375 

•9621 

9-250 

•9626 

9-125 

•9631 

9-000 

•9636 

8-875 

•9641 

8-750 

■9645- 

8-625 

•9650 

8-500 


Specific 

Gravity. 

Per cent, of 
Ammonia. 

•9654 

8-375 

•9659 

8-250 

•9664 

8-125 

•9669 

8-000 

•9673 

7-875 

•9678 

7-750 

•9683 

7-625 

•9688 

7-500 

•9692 

7-375 

•9697 

7-2.50 

•9702 

7-125 

•9707 

7-000 

•9711 

6-875 

•9716 

6-750 


Specific 

Gravity. 

Per cent, of 
Ammonia. 

•9721 

6-625 

■9726 

6-500 

■9730 

6-375 

•9735 

6-250 

•9740 

6-125 

•9745 

6-000 

■9749 

5-875 

•97.54 

5-750 

•9759 

5-625 

•9764 

5-500 

•9768 

5-375 

•9773 

5-250 

•9778 

5-125 

■9783 

5-000 


T 


This table is supplemented by that of Carina. Approximately, it will be found from these 
tables, that a difference of 1 per cent, ammonia gives a difference in specific gravity from 0-0022 to 
0-0044, the differences in the specific gravity becoming less as the solution becomes n?-^re highly 
charged with ammonia. ° 
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Garins’ table is given at a temperature of 14° F. 


Specific 

Gravity, 

Per cent, of 
Ammonia. 

Specific 

Gravity. 

Per cent, of 
Ammonia. 

Specific 

Gravity. 

Per cent, of 
Ammonia. 

Specific 
j Gravity. 

Per cent, of 
Ammonia. 

•8844 

36-0 

•9016 

28-4 

•9227 

■ 20-8 

•9470 

13-4 

•8848 

35-8 

•9021 

28-2 

•9233 

20 6 

•9477 

13-2 

•8852 

35-6 

•9026 

28-0 

•9239 

20-4 

•9484 

130 

•8856 

35-4 

•9031 

27-8 

•9245 

20-2 

■9491 

12-8 

•8860 

35-2 

•9036 

27-6 

•9251 

20-0 

•9498 

12-6 

•8864 

35-0 

•9041 

27-4 

•9257 

19-8 

■9505 

12-4 

•8868 

3^-8 

•9047 

27-2 

•9264 

19-6 

•9512 

12-2 

•8872 

34-6 

•9052 

27-0 

•9271 

19-4 

•9749 

60 

•8877 

34-4 

•9057 

26-8 

•9277 

19-2 

■9757 

5-8 

•8881 

34-2 

•9063 

26-6 

•9283 

19-0 

•9765 

5-6 

•8885 

.34-0 

•9068 

26-4 

•9289 

18-8 

•9773 

5-4 

•8889 

33-8 

•9073 

26-2 

•9296 

18-6 

•9781 

5-2 

•8894 

33-6 

•9078 

260 

•9.302 

18-4 

•9790 

50 

•8898 

33-4 

•9083 

25-8 

•9308 

18-2 

•9799 

4-8 

•8903 

33-2 

•9089 

25-6 

•9314 

180 

•9807 

4-6 

•8907 

.33-0 

•9094 

25-4 

•9321 

17-8 

•9815 

4-4 

•8911 

32-8 

•9100 

25-2 

•9327 

17-6 

•9823 

4-2 

•8916 

32-6 

•9106 

25 0 

•9333 

17-4 

•9831 

4-0 

•8920 

32-4 

•9111 

24-8 

■9340 

17-2 

•9839 

3-8 

•8925 

32-2 

•9116 

24-6 

•9347 

17-0 

•9847 

3 6 

•8929 

320 

•9122 

24-4 

•9353 

16-8 

•9855 

3-4 

•8934 

31-8 

■9127 

24-2 

•9360 

16-6 

•9863 

3-2 

•8938 

31-6 

•9133 

1 24-0 

•9366 

16-4 

•9873 

3-0 

•8943 

31-4 

•9139 

23-8 

•9373 

16-2 

•9882 

2-8 

•8948 

31-2 

•9145 

23-6 

•9380 

16-0 

•9890 

2-6 

•8953 

31-0 

•9150 

23-4 

•9386 

15-8 ■ 

•9899 

2-4 

•89.57 

30-8 

•9156 

23-2 

•9393 

15-6 

•9907 

2-2 

•8962 

30-6 

•9162 

230 

•9400 

15-4 

•9915 

2-0 

•8967 

30-4 

•9168 

22-8 

1 -9407 

15-2 

•9924 

1-8 

•8971 

30-2 

•9174 

22-6 

•9414 

150 

•9932 

16 

•8976 

30-0 

•9180 

22-4 

•9420 

14-8 

•9941 

1-4 

•8981 

29-8 

•9185 

22-2 

•9427 

14-6 

•9950 

1-2 

•8986 

29-6 

•9191 

22-0 

•9434 

14-4 

•9959 

1-0 

•8991 

29-4 

•9197 

21-8 

•9441 

14-2 

•9967 

0-8 

•8996 

29-2 

•9203 

21-6 

•9449 

14-0 

•9975 

0-6 

•9001 

29-0 

•9209 

21-4 

•9456 

13-8 

•9983 

0-4 

•9006 

•9011 

28-8 • 
28-6 

•9215 

•9221 

21-2 

21-0 

•9463 

13-6 

•9991 

0-2 


Cabboitate op Ammonia. — On the large scale, this salt is obtained by heating sal-ammoniac, or 
the sulphate of ammonia, with chalk (carbonate of lime, or carbonate of potash or soda) ; the carbonate 
sublimes and condenses on the sides of the receiver. The receivers are constructed of lead, iron or 
earthenware; the latter is used in the manufacture of the salt used in medicine and other purposes 
requiring a pure salt of ammonia ; the inside of these receivers are sometimes lined with a coating 
of clay, or prepared canvas and clay, which prevents the metallic impregnation, and at the same 
time allows the sublimate to be more easily detached. The receivers are made in sections bolted 
together and luted at the junctions. It is easier to obtain the purified salt by employing a well 
prepared chloride or sulphate, than to attempt to resublime an impure carbonate, as the impurities 
ate carried into the condensers mechanically. 

The carbonates of ammonia of commerce have a variable composition, and consist principally 
of a sesqui-carbonate mixed with other carbonates. Carbonate of ammonia is met with in 
commerce in irregular pieces about three-fourths of an inch thick, with a slightly crystalline 
fracture when broken, which crumble and pass into an opaque mass on exposure to the air. 
The carelessly prepared salt may contain more or less of the impurities contained in the commercial 
muriatic or sulphuric acids, a matter of great importance, especially when used in pharmacy and 
chemical analyses. 

The amount of carbonic acid in a sample of carbonate may be obtained from the loss when a 
weighed quantity is decomposed in a carbonic acid apparatus. The salt dissolved in hydrochloric 
acid in excess and evaporated to dryness will give the weight of ammonia as chloride. The 
difference, if any, wUlsbe due to water. It should dissolve completely in water, and the solution 
should undergo no change on the addition of a little sulphide of ammonium. A portion of the 
salt dissolved in nitric acid in excess should produce no change in a solution of nitrate of silver. 

Several methods have been introduced for the production of this salt on a commercial scale. As 
far back as 1825, Mr. Holmes, of Liverpool, manufactured this salt from stale or fermented urine : 
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it is curious to uote that in 1867 it was proposed to manufacture ammonia from the same article, at 
Bayeres. In 1841, Dr. Turner obtained a patent for distilling guano to obtain salts of ammonia, and 
in 1849, Mr. Hills secured a patent for distilling a mixture of charcoal or coke and guano for the 
same purpose, and in the same year the same inventor obtained carbonate of ammonia by the action 
of heat on peat. 

At the present time the crude carbonate is obtained from a mixture of the chloride or sulphate 
of ammonia and common chalk, which is heated in retorts and sublimed, the chloride or sulphate 
being first obtained from “gas liquor” as follows; — The free ammonia is first driven Off and 
received in condensers with muriatic or sulphuric acid, the combined ammonia which remains in 
the retorts is drawn otf with the liquids stUl remaining, and sufficient acid is added to convert the 
ammonia compounds into chloride, or sulphate. This solution, after allowing- the impurities to 
subside, is decanted; taking care not to allow the floating film of oil and tarry matter to run off, and 
evaporated in large hemispherical iron pans set in brickwork, and which are generally heated by 
the waste heat from tlie furnaces. The crystals obtained are more or less black from tarry matter ; 
when drained and slightly washed they are redissolved, a quantity of matter separates, which had 
been mechanically mixed with the crystals ; the solution should be syphoned off, evaporated and 
set to crystallize in shallow iron or lead pans. This yields crystals of a dirty white colour, but are 
So far freed from volatile tarry matter, that they are now ready for conversion into carbonate. 

For this purpose cast iron retorts, the shape of an elongated mufiBe, are used. They are shown 
in Fig. 196, in which A is the ashpit, and B the fireplace ; C C C are the retorts, S S S S 
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the subliming-pots, D D the condensing chambers, T T T T pipes leading from the retorts, and O 
an outlet for the steam and vapours. S'" is an earthenware subliming-pot ; C a retort, with a rod 
B for clearing the outlet to the condensing chambers ; M is the top of the furnace, with spaces H for 
the subliming-pots. In Fig. 197, S' is a leaden subliming-pot in two halves, 
with an iron ring, and S" another, made of bent sheet lead, with a top. 

The neck of the retort is round, and closed with an iron door, kept in 
its place by means of a screw. The retorts are about 7 ft. long and 
1 ^ ft. deep. Three are set in brickwork in the form of a triangle, and 
heated by one fire. They communicate with a leaden chamber which is 
technically called a balloon. It is about 6 ft. high, 8 ft. long, and 2J ft. 
wide. These balloons are supported upon scafiblding, so as to be on a 
line with the retorts, and are kept in their places by iron bauds. At 
the end of each balloon is a small pipe, which is always kept open so as to allow the escape of 
steam and water, which is highly charged with carbonate ; this is collected for resubliraation. The 
retorts are heated cautiously. They are recharged every twenty-four hours with a fresh mixture of 
two parts carbonate of lime, and one part ammoniacal salt ; the chalk is well dried on an iron plate, 
which is set over the flue, so that the waste heat of the fires economically desiccates it. All the 
retorts are not charged at the same time, for often there are five and six sets, and the times of 
charging are so arranged as to occupy as few hands as possible ; the residue in the retort being 
withdrawn, the fresh supply is thrown in, the door luted ou and, with the exception of an occasion^ 
stirring with an iron rod which passes through the door of the retoi t, it is left for the usual twenty-four 
hours. When the retorts have been in work for about fourteen days, the balloons are opened, and the 
impure carbonate is found as a thick crust, lining all the sides ; it is more or less coloured from 
impurities. Each balloon has a small hole, closed with a plug, to enable the workmen to see how 
the sublimation is going on. The pipes leading from the retorts to the bailoons are cleaned out 
after every charge, as they are liable to become choked up. 

This crude carbonate is submitted to a second sublimation in iron tanks or pans. Fig. 198, about 
16 ft. long and 2J ft. deep, 2 ft. 7 in. wide at the bottom, and tapering to 2 ft. at the top. These 
tanks are closed with two plates of iron with holes in each about 1 ft. in diameter and 1 ft. apart 
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from each other ; to each of these openings is luted a receiver formed by simply bending a piece of 
sheet lead into the form of a cylinder, its ends being kept together by iron straps ; the height of 
these receivers is about 2 ft., the top is closed either by soldering on a plate of lead or by luting. 
A small fire is first lighted at each end of the tank, and the heat gradually raised and regulated, 
preferably by inserting a thermometer through an opening into the pan. At the end of fourteen 



days the leaden receivers are lined with the carbonate which is carefully removed, the part next 
the lead being scraped off, when the salt is ready for the market. In the figure, I is an iron plate, 
P the subliming-pots, 0 the fire-place, A the ash-pit, B the chimney, D fire-bricks to support the 
pots P, S spaces filled in with clay or sand, and O open spaces or holes in the plate I. The 
receivers are reshaped, and after cleaning are ready for another operation ; sometimes these receivers 
are made in two halves in the form of domes ; 13 cwt. of the rough muriate yields about 9 owt. of 
the rough carbonate. The heat in subliming the refined salt must not be too high, as the colour is 
injured thereby. 

The chloride of calcium obtained as a waste product in this manufacture may probably receive 
an important application. M. Knob has found that this salt is capable of absorbing its own weight 
of ammonia gas, and giving up the same again when it is heated ; it has been proposed to utilize 
this as a means of easy transport. It is quite possible that in small gas works, where the production 
of ammoniacal liquor is too small to pay for its transport, an easy method of accumulating and 
stowing it away must have been for some time a great desideratum. Of course, it will be necessary 
to obtain the gas as dry as possible. The free ammonia in distilling could be more economically 
condensed with an acid, provided the acid could be cheaply procured, and obtained as a crude salt 
for transport, since it would be necessary to dehydrate the distillate ; but where the dry salts can be 
acted upon with caustic (slaked) lime, the gas would be easily taken up by tlie chloride of calcium. 

An important application of the ammoniacal liquor of the gas works is in its extraction of the 
sulphur from the gas, by the scrubbing process. As much as nine-tenths of the sulphur is said to 
be removed by this process, and the illuminating power of the gas itself is increased. Mr. Bowditch 
does not believe that the sulphur is removed by the ammonia liquor, but the experiments made a 
few years ago at Nottingham and Taunton, seem conclusively to prove that at least a very large 
proportion of the sulphm- is removed. According to the same authority the ammoniacal liquor, 
diluted with at least three times its bulk of water, may be applied as manorial matter to land. 
This ought to be a useful hint to small gas companies who at present do not find it profitable to 
save the liquor. 

Other methods have been proposed for reducing the bulk of the ammoniacal liquor from gas 
works, with the view of rendering its transport practicable in a financial sense. Mr. F. Braby, 
in a paper read before the British Association, in 1869, gives a very simple and interesting 
method for effecting this object. The cost of carriage is evidently a matter of the first con- 
sideration. Mr. Braby states that on the average one gallon of liquor contains only 2 oz. of real 
ammonia, so that if any plan could be devised by which a concentration could be made that one 
gallon should contain say 40 oz. of real ammonia, the cost of transit would be twenty times less, or 
in the one case the cost of carriage being 20/. for a given bulk of liquid containing a certain quantity 
of ammonia as produced at the gas works, the cost of carriage would be reduced to 20s. for the same 
quantity of ammonia by removing simply the greater bulk of the water. At present to carry 1 ton 
of ammonia, it is necess^ to take with it no less than 80 tons of water. The result of this dilution 
is, that a very great deal of this liquor is thrown away, forming no doubt in most cases a great 
nuisance to many localities ; by concentrating, the nuisance would be removed and converted into a 
source of profit. 
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The process is thus described : — “ To the common ammoniacal liquor a certain quantity 
slaked lime is added. The liquor thus treated is placed in a capacious boiler or still, capable of 
holding 5000 gallons. The whole is then heated and maintained at a temperature of from 38° to 
94°, the liquor being slowly but constantly stirred by means of an internal agitator, the spindle 
of which passes through a stuSing box in the end of the boiler. A powerful blast of air from a 
double action force-pump, actuated by a small steam engine or otherwise, is blown continuously 
through the liquor. The air enters by two long perforated pipes placed near the bottom of the 
boiler, and in its upward passage it is compelled to pass through a horizontal diaphragm drilled 
with numerous small holes. The result of this" arrangement being, that the air in its ascent is sub- 
divided into innumerable small sheaves and bubbles, to which and all of which, in accordance with 
well-known and recognized laws, the ammonia attaches itself, and is carried away, with only a very 
small proportion of aqueous vapour. An exit pipe is fixed to the top of the boiler, so as to carry 
away the mixture of air and ammonia, and the extremity of this pipe dips into a supply of water 
contained in a cool and suitable receiver, where the ammonia is immediately absorbed, and the air, 
after thus affecting its removal in a separate state, escapes through the water and is permitted to 
pass otf into the atmosphere. These receivers are almost three parts full of broken ice. 

The following dimensions are given of a working plant which was erected at Deptford. A 
reservoir 35 ft. long, 7 ft. wide, and 6 ft. deep, was made to contain the liquor. I'he bottom was 
formed of 1 ft. of concrete, 2 courses of bricks, and 2 courses of red flat tiles ; the sides were of 
14 in. brickwork, 2 courses with tiles in conjunction with concrete. The wrought iron still is set 
in brickwork so that the flame may play more than half round its external surface ; it is 30 ft. long 
by 6 ft. in diameter. About 4000 gallons of liquor are pumped into it for each operation. Two cast 
iron 3-in. air pipes, which are attached to the ammonia generator, extend along its whole length, 
and are situated one on either side, and nearly at the bottom. They are perforated with holes 
increasing in size as they extend from the inlet. Into these pipes, and from them into the gas 
liquor, is driven atmospheric air by means of a pair of cast iron force-pumps. These are 20 in. 
in diameter, 1 ft. 8 in. stroke, with rods and slings, wrought-iron connecting rod and crank, and a 
cast-iron beam 6 ft. long. On the entry of the streams of air they are canght and agitated by the 
twelve iron fans of a stirrer, making about 80 revolutions per minute. The air together with the 
lime and tlie various constituents of the gas liquor (viz. water, ammonia, carbonic dioxide, sul- 
phuretted hydrogen, sulpho-cyanides, &c.,) are thus brought continuously into intimate contact. 
The air loaded with the volatile alkali, which has become eliminated from the solution, passes 
upwards into the steam chest and through a branch pipe into the purifier or washer. This is a 
small wooden vessel of the capacity of 350 gallonis, containing lime and being about one-third 
full of water. It has a tight head and a stout perforated elm false bottom, the holes being con- 
centric and increasing in number and dimension as they radiate from the inlet which is brought 
below the false bottom. 

This purifying vessel is furnished with a small agitator having two blades, one revolving above 
and the other below the false bottom. There are two trial or test taps at appropriate heights, to 
test for gas or for water, and there is also a pipe sealed at one end, rather less than half way from 
the bottom, for the purpose of leading away any excess of liquid that may accumulate, owing 
to the condensation of aqueous vapour, which may pass over with the volatile alkali. There is a 
long straight tube or safety pipe from the washer, and the bent pipe from the ammonia generator is 
also provided with a safety valve and a vacuum valve. In the washer the ammonia is deprived of 
any remaining hydrosulphuric acid or other impurity that may have escaped being fixed in the 
generator. About half a bushel of finely sifted slaked chalk lime is found to be a suitable 
charge for the washer, and, when this becomes saturated or impure, it is renewed by means of a 
pipe and tap piaced at the bottom of the vessel. The washer being a close vessel soon becomes 
full of air and gas, which are forced by the pressure through a pipe opening into the top, aud 
leading to a coil or worm placed in a cold water cistern, and terminating in a deep close vessel 
about one-third full of pure cold water, which has been condensed from the waste steam from the 
engine. A portion of the ammonia becomes absorbed by the water, but the residue together with 
all the air, after bubbling up through the liquid, is conducted by a bent pipe to nearly the bottom 
of a second similar receiver, and thence in the same to a third, but which is open at the top. 

The air, having fulfilled its function, is now permitted to escape into the atmosphere, the 
whole of the ammonia having, however, been arrested. This last receiver, instead of water, contains 
a strong solution of chloride of iron, which being denser and possessing a higher specific gravity 
than water offers a greater pressure and resistance to the passage of the gas. The iron salt is, of 
course, decomposed, with the formation of muriate of ammonia in solution, with deposition of a green 
mud containing sesquioxide of iron, which, after having been calcined, il* found to constitute an 
excellent pigment for rough iron or wood-work. 

After the whole of the ammonia has been extracted from the gas liquor, the contents of the 
still are run off into a draining pit, from which the clear solution finds its way into the sewers, and 
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the solid inodoroua lime compounds may be carted away. This draining pit is constructed of li-in. 
deal boards together with sand and brickwork. It is 4 ft. 9 in. wide, 5 ft. 4 in. deep, and 10 ft. long. 
There are fillets on which are resting three perforated shelves or platforms. The bottom is formed 
of perforated deals with 6 in. of sand, also with gravel and cement. There are channels and small 
drain pipes leading into a large central earthenware pipe, and from thence into the sewer. The 
sharp sand, &c., under the perforated boards can be removed at will, and be replaced by fresh 
materials whenever required. Caie must be taken that the large pipe from the boiler to the 
washer be sufficiently high to guard against any back pressure. The vacuum valve opens and 
admits air, when the fire of the still is withdrawn and the steam becomes condensed. 

In order to ascertain the exact state of the contents of the boiler at any required height, and to 
• avoid tapping the upper portion of the boiler at too many places, the following simple contrivance is 
adopted : — There is one tap at the lower end, to which is attached a short pipe inside the still, 
working easily on an elbow. To this is connected a copper wire having its outlet just above tlie 
external surface of the boiler, and by which wire the short pipe may have its orifice presented at 
any required height, to ascertain the state of the contents of the vessel. For instance, supposing 
the fire to be withdrawn and the agitators to be at rest, if the end of the tube were pulled up by 
the wire and the tap opened, a clear liquid would issue, which could be tested in order to ascertain 
whether the whole of the ammoniacal gas had been removed. On the other hand, if the short tube 
were allowed to lay along the bottom of the stilt the oj>encd cock would allow the sulpho-cal- 
careons mud to escape. 

There are many gasworks where ammoniacal salts arc now manufactured, but it is suggested 
that, in new works, or at those where the gas-liquor is not at present utilized, it would be preferable, 
in the event of the adoption of the principle herein advocated, that the ammonia, after concen- 
tration, should be sent to the sulphuric or muriatic acid works, rather than that the acids should 
be sent to the gas-works. In metallurgy, it is found more advantageous to transport the calcined or 
partly-prepared ores to the coal districts for smelting, rather than to take the fuel to the mines. 
Barges fitted with tanks ordinarily employed in the conveyance of gas-liquor, contain from 3000 
to 8000 gallons. A land journey of 12 miles, with two horses for a load of 500 gallons in a 
tank-van, now costs It. By rail the cost of freight is Id. per ton per mile. 

The advantages of the above-described system may be summed up as affecting a considerable 
economy in labour, time, and occupation of plant, together with the facility of extracting the whole 
of the ammonia from the gas liquor in a pure condition. A manufactory, previously consuming 
10,000 gallons of gas liquor per week, may now utilize 24,000 gallons, and at about half the 
expense of fuel of that formerly incurred. 

According to Sir Robert Kane, the yield of ammonia from peat as sulphate was 24 ‘8 lb. per ton. 
Dr. Hodges, of Belfast, obtained 22 '75 lb. per ton. These results were obtained from the working 
of Irish peat, presumably on an experimental scale; for in Mr. Sullivan’s report to the Directors 
of the Irish Peat Company, in 1855, the working results showed only 3 owt. per 100 tons of peat 
= 3'36 lb. per ton. The production of ammonia from the peats occurring in the Highlands of 
Scotland is stated to be more satisfactory ; and if peat can be profitably worked for the production 
of oils and paraffin, there can be no reason why it should not become an important source of 
ammonia. Bituminous schist, when distilled, yields ammonia, though generally in small quantities. 

Ammonia from Bones . — The ammoniac.il liquor fi-om bones yicld.s, according to Muspratt, from 
f lb. to IJ lb. of ammouic cldoride per gallon ; but, as he has pointed out, this quantity is subject 
to much variation from many causes. Since the amount of ammonia obtained depends upon the 
nitrogenous substances present, such as gelatine and chondrin, it is evident that the extraction of 
these matters for the manufacture of glue or size must seriously impair the bones for the proiluo- 
tion of ammonia. As 100 parts of gelatine yield about 20 paits of ammonia, it is evidently more 
profitable to convert all the matter removable by boiling into glue than to tuin it into ammonia. 
When gelatine is submitted to dry distillation, it yields carbonate, sulphide, and C 3 ’anide of 
ammonium, amines or aramonia-like substances, pyridene bases, pyrrol, and other compounds. 

From whatever source the ammoniacal liquor is obtained, its conversion into liquor ammonia or 
salts is generally etfected by the same processes. 

Volcanic Ammonia . — In the neighbourhood of volcanoes, or coal mines which have been set on 
fire, ammonia, generally as chloride, is found. The principal source of volcanic aniraonia is the 
crude boracic acid from the lagoons of Tuscany. It exists principally in the form of double 
sulphates, which is set free on the addition of soda-ash in the manufacture of torax. The carbonate 
of ammonia which escapes is collected in a suitable receiver, and after a second purification takes 
the form in which it is found in commerce. Messrs. Howard and Sons, Stratford, Essex, manufac- 
tu j large quantities of a%moniacal compounds from this source, which are extensively used in 
pharmacy. The ammonia salts thus obtained are perfectly free from all traces of oily inatter and 
other impurities which accompany its production from gas or bone liquor. Volcanic ammonia is free 
from pyrrol, and the corresponding substances met with in ammonia from g.is or bone liquor. The 

K 2 



244 


ALKALIES. 


salts obtained from this source, when pure, disappear when heated, without leaving any carbona- 
ceous residue. Pyrrol is detected by the purple colour which it strikes when an excess of nitric or 
sulphuric acid is poured into a solution of an ammoniacal salt. 

Chloride of Ammonium . — For the production of this salt on the commercial scale, several methods 
are in use for the treatment of the ammoniacal liquor, by substituting sulphuric acid for the 
hydrochloric acid and sulphates for chlorides; the same methods are applicable for the manufacture 
of the sulphate of ammonium. 

By the addition of acid to the crude liquor The liquor when received at the works is pumped 
into large tanks, which are capable of holding two or three hundred thousand gallons each ; it is 
pumped from these tanks into circular vats, or tuns, for working. These vats contain sufScient 
space to allow the working up of about 20,000 gallons of crude liquor at one operation. i 

Hydrochloric acid is then added, and the escaping gases, which are highly disagreeable and 
dangerous, are conducted to the furnace and burnt. The amount of acid required varies with the 
strength of the liquor ; to determine the amount, a trial should be first made, and the quantity of 
acid required to give a distinctly acid reaction should be used. The whole is agitated whilst the 
acid is being added, and allowed to settle. The acid, combining with the ammonia, sets free a 
quantity.of oily matter, which floats on the surface of the solution of the chloride, and by subsidence 
the heavier impurities from the tar settle to the bottom. 

Means are provided for drawing off the solution at different heights in the vats, so that the 
disturbance may be as little as possible. It is conveyed by troughs to the evaporators, which are 
usually square or rectangular, and constructed of cast-iron plates bolted together. They are heated 
by the waste heat from the furnaces, or if a fire be used, the flues are constructed so as to heat the 
liquid upon the whole surface of the bottom, as well as the sides. The liquid, when sufficiently 
concentrated, is transferred to the crystallizing pans or tubs. Care is taken that the liquid during 
the concentration does not become too acid ; this is avoided by the addition of ammonia liquor from 
time to time. 

Large crystals are to be avoided, as they lead to embarrassment in the subsequent steps of the 
manufacture. As the crystallization proceeds, the crystals wljich form on the surface are broken up 
by frequent agitation. A fair crop of crystals being obtained, the mother liquor is drawn off, and 
conveyed again to the evaporators. The salt thus obtained contains a large quantity of tarry 
matter ; a great deal of this can be removed by washing the crystals with a warm concentrated 
solution of the salt and draining, or by one or more reerystallizations. By cautiously heating the 
crude salt so that it does not sublime, the water and free acid are removed, and the tarry matter to 
which it owed its black colour is decomposed; this is more completely effected if the crude salt be 
somewhat acid. The dry salt, which is now of a dark greyish colour, is ready for the subliming 
pots. 

The heat should be carefully regulated during this operation, as the colour of the salt may be 
spoilt by the evaporation of the tarry matter. The subliming pots vary in size, according to the 
extent of the other portions of the plant. They are constructed of cast-iron circular pots set in 
brickwork, the flues are arranged so that the heat from the furnace circulates around tliem. The 
pots are closed with a heavy dome, which is kept in its position either by its own weight or wedges. 
It is safe to have a small hole in these domes so as to allow the escape of any water or non-con- 
densable matter ; the hole is kept clear by thrusting through the salt, which accumulates over it, 
a short iron rod. These holes allow also the operation to be watched. 

A sublimer holding a charge of 2 to tons may have a diameter and depth of about 8 or 9 ft. 
The domes fit air-tight, by being luted outside with clay and canvas. The above charge will 
require about seven to nine days to work off. If the temperature has been too low, the mass 
instead of having a finely-grained structure, will present a somewhat cloudy or effloresced appear- 
ance, though still fibrous. If the whole of the water has not been removed before placing the crude 
crystals in the sublimers, the portions in contact with the covers will be contaminated with the iron 
and stained a brown colour ; this is cut away with axes before being packed for the market. 

Another method of treating the crude ammonia liquor for the production of chloride is to convey 
the ammonia from a still or boiler direct iuto a vat containing strong hydrochloric acid. The 
noxious gases are conducted away to the furnace and burnt. The ammonia and a portion of the 
steam together entering the acid make the whole very warm, which helps to destroy any empy- 
reumatic matters which may be carried over. The liquid is drawn otf into shallow tanks, to allow 
the impurities to subside, and is then concentrated in the evaporators and set by to crystallize ; the 
Solution may be almost enough concentrated on the evaporators as to deposit the salt on coolino- 
but there would probably be more trouble in getting rid of the water before it could be sent to the 
sublimers, if in this state. Where, however, the salt is to be converted*into liquid ammonia, this 
would be a matter of no consequence. 

The manufacture of the chloride by this method would no doubt be far preferable to the former, 
even if we allow the salt to crystallize in both c.ises the same way. ' 
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By the first method, enormous quantities of water have to be got rid of by evaporation ; four or five 
days have to be allowed for the impurities to subside after the acid is added, and the product itself 
is a very impure article, and requires care to prevent the tarry impurities passing into the sublimate. 

By the second method, 20,000 gallons of crude liquor could be worked up with a comparatively 
small plant in a single day suitable for the crystallizers, and the salt so obtained would, when dry, 
be sufficiently pure for a great many purposes, in fact, for the more important uses to which it is 
applied. ^ 

The addition of milk of lime to the crude liquor when placed in the stills or boilers will liberate 
the combined ammonia, and thus make the yield from the same gas liquor equal to that obtained 
« by the first method. 

The ammonia gas may be passed into a solution of chloride of iron or manganese instead of 
hydrochloric acid, and in manufacturing sulphate of ammonium, the sulphates of iron or manganese 
may be employed; the gases which are generated form insoluble compounds with these metals, 
which are deposited before the solution passes to the evaporators. 

The manufacture of the salts of ammonia is best carried out on a large scale ; the sublimation of 
the chloride is much more economically conducted by working on large quantities of the crude salt, 
from the fact that the cost of labom and fuel remains nearly the same for working off large or 
small charges. 

The manufacture of the chloride of ammonium from the carbonate is carried out in Glasgow by 
utilizing the chlorine refuse from bleach- works and bleaching-powder manufactories. The carbonate 
of manganese, which settles down by standing, is regenerated into peroxide, and utilized again for 
chlorine. The mother liquor, or bittern, from sea-water is also employed. The chloride is obtained 
by evaporating, with occasional stirring so as to avoid the formation of large masses of crystals ; 
it is well dried and mixed with a little animal or vegetable charcoal, which, by acting on the chloride 
of iron present, prevents the sublimate from being coloured. 

The Scotch chloride is white, contains but little iron, and is 
free in most oases from lead. It sometimes shows the presence 
of manganese. In Liverpool, the chloride is sublimed in iron 
domes ; consequently, the salt is stained with the chloride of 
this metal, and in addition is generally contaminated with 
lead. In the sublimation of the chloride, it is found that 
a quantity of the salt collects in the centre of these domes 
in a conical heap, which is called the yoke. To avoid this, 
it is usual to build up in these domes a brickwork form of 
the yoke. Fig. 199, in which D is the iron dome and Y the 
yoke. The heat necessary to sublime this portion of the 
salt mnst be raised so high that it is decomposed ; hence, in practice, it is used in the recharging of 
the subliming vessels. 

It is easy to see that no aqueons vapour, or as little as possible, must be incorporated with the 
salt for sublimation. The loss sustained by the crystallized salt on drying is about 20 to 25 per 
cent, and in subliming a further loss of 10 to 12 per cent. The chambers in which the salts of 
ammonia are sublimed being lined with iron or lead, various devices have been practised with a 
view to prevent the impregnation of the salt. Siliceous slabs, and a preparation known as Keat’s 
alum plaster, are largely used for this purpose. 

Messrs. Baggs and Braby proposed to treat the crude gas liquor with a solution of chloride of 
iron to obtain the chloride of ammonium. 

The double chloride of iron and ammonia, which is formed in the crude salt and sublimes with 
the chloride, is removed, as in Calvert’s process, by adding 5 per cent, of biphosphate of lime, or 
3 per cent, of the phosphate of ammonia. 

Preparation of pure Chloride of Ammonium. — Professor Stas has shown that to obtain ammonic 
chloride absolutely free from compound ammonias (amines), and other organic matters, requires very 
complex manipulation. From the commercial sulphate he proceeds as follows. Two kilogrammes 
of sulphate is heated with IJ kilogramme of concentrated sulphuric acid, the temperature being 
raised until the sulphate is decomposed with effervescence. At this stage, nitric acid is gradually 
added, until the liquid, which previously had a strong blackish colour, becomes quite colourless. 
The organic matters and compound ammonias are thus destroyed, with the liberation of carbonic 
acid gas. The acid sulphate, suitably cooled, is poured into about 10 times its volume of cold watery 
and the excess of acid nearly saturated by lime water. The sulphate of calcium having subsided, 
the supernatant liqnor is fcixed with an excess of slaked lime, contained in a very large globe 
and heated in a bath of a saturated solution of common salt. The liberated ammonia, after 
washing, is passed into pure water, and afterwards saturated with a current of pure hydrochloric 
acid gas. The solution is evaporated to dryness in a globe of hard glass, and the residue, 
sublimed in an atmosphere of ammonia obtained from a portion of the same chloride. The free 
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ammonia is expelled by beating until a vapour appears. In obtaining tbe pure cbloride from tbe 
ammonia contained in tbe commercial cbloride, he proceeds by oxidizing tbe organic matter by tbe 
addition of nitric acid of sp. gr. 1*4, and boiling until all tbe chlorine is driven oif. Tbe solution 
of tbe ammoniacal salt is treated with hydrate of lime as before, and tbe giis, well washed, passed 
into distilled water, through wbicb a current of pure hydrochloric acid is passed to saturation. Tbe 
liquid is evaporated, and tbe residuum sublimed in an atmosphere of ammonia. Tbe first proeess 
would certainly recommend itself over tbe other, if it were necessary to produce this salt on a 
commercial scale with this high degree of purity. 

Siilj’hatii of Ammunium . — As it is easier to obtain this salt in a certain degree of purity than tbe 
cbloride under tbe same circumstances, it is usual to convert tbe crude preparations into sulphate, even ^ 
if required afterwards to be converted into cbloride. One or two recrystallizatious being generally 
sufiicieut, this is due not so much to any peculiarity of the difterent salts, but to tbe carbonizing 
action of tbe sulphuric acid on tbe tarry matters carried over mechanically in the first distillation. 

Tbe conversion of tbe ammonia into sulphate, or tbe formation of any other salts by a simple 
substitution of the acid may be carried out in tbe same way, is to convey the gas-, as generated in a 
Coffey’s still or retort, into a receiver containing the acid. Formerly tbe gas entered a receiver 
packed with coke or charcoal, over which the acid was allowed to trickle gently, any ammonia wbicb 
escapes tbe lower part of tbe apparatus will meet in its upward escape with sufficient acid to fix it. 
Sufficient vapour enters this receiver to keep tbe salt in solution, otherwise it would condense and 
clog tbe charcoal, and perhaps lead to an accident. If tbe acid be diluted, it will save tbe necessity 
of conveying tbe steam as tbe solvent, and will further help to keep tbe receiver cool. Tbe solu- 
tion of tbe sulphate condensed falls to tbe bottom of tbe receiver, and may be drawn off, as shown 
in Fig. 200. 



The sulphate is converted into cbloride by mixing a concentrated hot solution of the salt with 
a warm saturated solution of cbloride of sodium, and removing tbe crystals of sulphate of sodium, 
which deposit on the sides of the pans. 

The impure carbonate of ammonia is converted into sulphate by beating with gypsum (sulphate 
of lime). By sublimation sulphate of ammonia passes over, leaving carbonate of lime in tbe retorts. 
Tbe solution of tbe impure carbonate is sometimes converted into sulphate by percolation through 
gypsum, tbe lime salt being converted into carbonate by an exchange of acid. 

The manufacture of this salt is much more economically carried out by conveying the 
ammonia gas direct into a vessel containing strong sulphuric acid. If precautions be taken to 
pass tbe ammonia into tbe acid, free from tarry contaminations, it is possible, by a recrystallization, 
to obtain the salt with a remarkable degree of purity. When tbe ammonia passes over into the 
acid it is accompanied with steam and certain volatile matters contained in tbe gas liquor, most of 
which, immediately coming in contact with the strong and hot acid, are carbonized, and so effectually 
prevented from contaminating tbe*i^oduct. 

Fig. 201 shows tbe arrangement for this method of production. A cylindrical boiler A is 
placed so that tbe Uquid or vapoufs produced iu it can be conveniently received in another boiler B, 
and which may be either above of below A, These boilers may be heated by the direct heat of a 
furnace or an inlet of steam. A better plan is to heat the contents of these boilers by passing 
steam through a series of circular tubes or pipes, which prevents the further dilution of the 
ammoniacal liquor, the waste steam from the evaporating pans maj^be used for this purpose. 
From B the ammonia is conveyed by a pipe P into vats or tuns V Y' V", containing strong 
sulphuric acid. Branch pipes p reaching nearly to the bottom of the vats are supplied with taps 
so that the ammonia can be made to pass into either of them. When the acid in any one of the 
vats is saturated, the resulting solution of sulphate is drawn off into a large tank 0, and allowed to 
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stand until all the impurities hare subsided. The clear liquid is then drawn off into shallow pans 
E, and evaporated. The sulphate which crystallizes out, accumulates on the bottom of these pans, 
and is removed into other pans D to drain. The salt is finally dried by being piaced in wicker 
baskets, and is now ready for the market. 

201 . 



The vats are lined with stout sheet lead, and are made perfectly air-tight, an outlet is made in 
the top, so that by means of a waste pipe W the noxious vapours arising from the decomposition 
in the vats can be led away to be burnt in the furnace. 

So far we deal only with the uncombined or free ammonia; to obtain the ammonia which is not 
free, milk of lime is added to the contents of the retorts, and the process conducted in the same 
way. At one time the sulphate was obtained by adding sulphuric acid dtoect to the ammonia 
liquor, the gases which were evolved were burnt in the furnace. 

In locaiities where the lime waste is likely to become troublesome, and large supplies of gas 
liquor can be easily obtained, it is questionable whether it is not more economical to run away the 
combined ammonia than to take the trouble of extracting it. 

The sulphate of ammonium is employed extensively as a manure and for the production of 
ammonia alum. 

The manufacture of ammoniacal salts is not at present confined to any particular locality. 
London, Liverpool, and Glasgow, are the principal seats of its manufacture. The conditions 
necessary for successfully carrying on this manufacture are, large supplies of ammoniacal liquor 
without much expense for conveying it to the factory, and the vicinity of large acid works. The 
demand for artificial maniures has stimulated the development of this manufacture, and so keenly 
is the competition felt in the cost of production, that one of the most important considerations is 
to economize fuei by employing waste heat wherever practicable. 

Estimation of Ammmia in Ammoniacal Preparations . — For manufacturing purposes, the volumetric 
methods are the simplest, and yield results sufficiently exact for any commercial purpose. 
For solutions of ammonia, liquor ammonia, &c. ; an accurately marked pipette, holding, say 10 c.c., 
is dipped into the liquid, so as to take out a definite quantity without risking any loss of the gas, 
which could scarcely be avoided by pouring out. The 10 c.c. is poured into a narrow stoppered 
bottle, previously tared ; from the weight of the 10 c.c. the sp. gr. may be obtained by simply 
shifting the decimal point one place nearer to the left, thus, if the 10 c.c. weigh 9-65 grammes 
the sp. gr. of the sample is • 965, as 1 c.c. of water weighs 1 gramme. 

If the solution be pure, the percentage of ammonia present may be determined by reference to 
a table of specific gravities. 

When neutralizing the solution with an acid, it is safest, if the solution be strong, to dilute 
with water, so as to avoid a loss of gas from the heating which takes place when an acid is added, 
the acid used in titrating should consequently be somewliat dilute; from the number of c.c. of 
standardized acid (sulphuric or hydrochloric) required to neutralize the solution, the amount of 
ammonia can be at once determined. 

As a control, if the solution contained ammonia only, and hydrochloric acid has been used, the 
mixture should be evaporated to dryness on the water batb, and dried at 100'^, until the weight 
is constant, or at least, until the loss becomes very slight. This will also furnish a test for the 
strength ot the acid. The amount of the alkali contained in the carbonates and bicarbonates or 
their mixtures may be determined in the same way. 

100 parts of ammoqjum chloride contain ; — 

Ammonium NH, 33 '72 Ammonia NH, ... 31-85 

Chlorine Cl. 66-28 Hydrochloric Acid HCl. 68-15 
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Sulphate of ammonia, not being so stable on drying as the chloride, indicates the non-suitability 
of sulphuric acid for the estimation of ammonia gravimetrically. 

As the carbonates of ammonia when heated in solution are decomposed, the methods given for 
the volumetric determination of the carbonic acid contained in a sample of this salt require care 
in their application, and can scarcely be recommended. 

A solution of chloride of barium is added to the hot solution of the ammonia carbonates, and 
the precipitated carbonate of baryta collected on a filter and well washed. The carbonate of 
baryta is then dissolved in a measured quantity of standard acid, which must be in excess, and the 
excess of acid carefully titrated with a solution of standard alkali. A much simpler method is to 
determine the loss direct of carbonic acid, when a weighed quantity is decomposed with hydrochloric 
acid in any of the ordinary forms of carbonic acid apparatus. 

Combined ammonia requires a different treatment. When the ammonia can be expelled 
from its combinations by means of soda, potash, or lime, the salt is boiled in a flask with a 
solution, preferably, of caustic soda or potash ; the liberated ammonia is collected in a receiver 
containing a measured quantity, in excess, of hydrochloric acid, and after the decomposition and 
absorption of the gas is completed, the excess of acid is titrated. As, however, the fumes of 
chloride may return to the evolution flask, and become again decomposed, it is evident that inaccu- 
racies may occur. The apparatus is shown in Fig. 202, in which G is the generating flask, 
L a Liebig’s condenser, C the condensing flask, and T a tower in which the vapours escaping 



through C are condensed. This method is suitable for estimating the ammonia in “gas liquor,” which 
contains both free and combined ammonia, to ascertain how much exists in each of these conditions, 
the distillation is first carried on without the addition of potash or soda, until all the free ammonia 
has passed over ; the contents of the retort are allowed to cool, and the receiver charged with acid 
as before. On the addition of caustic potash or soda to the contents of the retort and renewed 
heating, the combined ammonia is decomposed, the liberated ammonia passing over into the 
receiver. The results, which are only approximately correct, since many salts volatile at 100° 
may be present, will furnish a far better idea of the alkalimetrical value of a sample of gas liquor 
than can be obtained from its specific gravity. The determination of ammonia or ammonia salts 
in the juices, leaves, or stalks of plants is generally made in the same way. It is, however, 
important to bear in mind that the caustic alkalies may, by acting on other nitrogenized substances 
contained in the plant, generate ammonia ; thus, in the case of tobacco or snuff, where the excise 
regulation fixes the percentage of alkaline salts which may be present, we must guard against the 
reduction of nitrates, and remove by means of ether, alcohol, &c., those principles which may 
generate ammonia when heated in a free state, such as nicotine. Hydrate of magnesia may be 
employed in snch eases instead of the alkalies, since it does not act on the nitrogenous principles 
present, but liberates the ammonia only. 

The separation of ammonia from most other volatile substances may be best effected by means of 
the bichloride of platinum. 

Small quantities of ammonia are determined by the “ Nessler test.” A standard solution of 
ammonimn chloride is prepared, and a certain portion being measured into a suitable cylindrical 
vessel, in a similar glass is poured a portion of the ammoniacal fluid to be examined ; equal portions 
(2 c.c.) of the Nessler reagent is added by means of a small pipette to the contents in the two 
tubes, when, if the same tint is struck in the two fluids, the amounts of ammonia present are equal ; 
if the tints are not equal, the standard solution may be diluted, or made stronger if required, and 
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again tested, until the tints exactly match each other. An important condition is that no precipi- 
tate must take place ; if the ammonia present in the liquid to be tested be so large as to give a 
precipitate, it should be diluted to some equi-multiple of its original bulk. The matching of the 
tints being performed as before, the amount of ammonia present must be obtained by multiplying 
the quantity contained in the standard solution by the degree or number of times to which the 
dilution has been carried. 

Dr. Wanklyn has proposed an ingenious method of determining the amount of organic contami- 
nation in water by the J«essler test, which commends itself more especially, as it can be performed 
by any person who can fairly conduct a delicate chemical test. 

The increased consumption of ice cannot be regarded with indifference by our medical authori- 
ties, when we consider the immense amount of nitrogenized impurities which are sometimes met 
with in this article when used as an article of consumption. 

A measured quantity of the water or dissolved ice is first distilled, and the distillate collected 
which will contain the free ammonia. Wanklyn uses 500 c.c., and collects the first 50 c.c. 
of distillate for Nesslerizing ; the succeeding 150 c.c. are collected and thrown away. A mixture 
of caustic potash and permanganate of potash is then added to the residue in the retort, and the 
distillation again proceeded with, and each 50 c.c. of the distillate is collected until 150 c.c. have 
passed over ; each of these is Nesslerized, and the quantities of standard ammonia-solution used 
to match the tints added together for the amount of “ albuminoid ” ammonia. 

The mixture of caustic potash and permanganate is made by dissolving 200 grammes of potash 
and 8 grammes of crystallized permanganate of potash, so that the solution is equal to 1 litre. 
50 c.c. of this solution is required for each analysis. 

In this latter part of the process, the nitrogenized principles, whether animal or vegetable, which 
may be contained in the liquid is oxidized, and ammonia is obtained as a product of the decompo- 
sition. 

A great deal of acrimony has unfortunately been introduced into the discussion of the merits of 
this process, and though'perhaps it may not satisfy the requirements of a strictly scientific inquiry, it 
certainly may lay claim to this important and useful function, that a contaminated water could never 
be allowed to pass without condemnation. On the other hand, a water which may be quite harm- 
less is made to take a suspicious character as regards its sanitative merits. To an individual of a 
highly nervous temperament, this may be as great a source of trouble as if the water were decidedly 
contaminated. 

Preparation of the “ Nessler Reagent ’’ for Ammmia . — Dissolve 62 ’5 grm. of potassic iodide in 
about 250° c.c. of distilled water, and add gradually a cold saturated solution of corrosive Sub- 
limate until the mercuric iodide precipitated ceases to be re-dissolved on stirring ; continue adding 
drop by drop until a slight precipitate remains undissolved. Dissolve 150 grm. of solid pota'ssic 
hydrate in 150 c.c. of distilled water ; allow the solution to cool, and add it gradually to the above 
solution, and make up with distilled water to one litre. 

On standing a brown precipitate is deposited, and the solution becomes clear and of a pale 
greenish-yellow colour. It is ready for use as soon as it is perfectly clear, and should be decanted 
into a smaller bottle, as required. 

Standard Solution of Ammonio Chloride. — Dissolve 1*5735 grm. of dry ammonic chloride (the 
ordinary commercial kind is generally sufficiently pure for the purpose) in 1 litre of water. It is 
convenient to have a strong and weak solution as well. 100 c.c. of this solution is taken and 
made up to 1 litre; 1 c.c. of this latter solution will contain *00015735 grm. of the salt, which 
corresponds to * 00005 grm. of ammonia (NHj). 

Distilled water, free from ammonia, and a solution of sodic carbonate, which must also be free 
from the slightest trace of ammonia, are also required for the application of the Nessler test. 

Determination of Nitrogen as Ammonia . — Organic compounds containing nitrogen, which is con- 
vertible into ammonia, are heated in a combustion tube with soda lime; the ammonia which is 
formed is received in a suitable bulb apparatus containing a quantity of standardized hydrochloric 
acid. After complete condensation the excess is titrated with standard alkali. This method is 
used for the determination of nitrogen and ammonia in manurial substances. When it is desired 
to ascertain only the ammonia present, a small quantity of the substance — guano, for instance — is 
boiled in a flask with caustic magnesia, and the liberated ammonia received in a condenser con- 
taining standard acid as before. Soda or potash are not to be used in such cases, as they convert, in 
many instances, the nitrogenous constituents present into ammonia. 

In the estimation of nitrogen by combustion with soda-lime, E. Mulder points out the following 
sources of error. The cork may absorb some ammonia, to prevent which the cork is recommended 
to be covered with tidfoil. If the hydrochloric acid is not sufficiently dilute, a small quantity of 
chloride is liable to be carried away with the hot steam. He recommends that the substance to be 
burned should first be mixed with soda-lime in fine powder, and this mixture with a larger quantity 
of granulated soda-lime. An ammoniacal salt should be first mixed with carbonate of lime. For 
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absoibing the ammonia he uses a U-tube, filled with fragments of glass moistened with hydro- 
chloric acid. Dr. Knup has found that the column of soda-lime should not be too long, as the 
ammonia is likely, especially when strongly heated, to be decomposed. 

An improved form of the Will and Varrentrapp apparatus has been recently devised by Mr. H. 
Shepherd, F.C.S., which has met with universal approval, for nitrogen determinations as ammonia. 
The bulb nearer the combustion tube, instead of being elongated into the ordinary form with a long 
bent tube, is supplied with a short neck, with a larger opening, so that the acid may be supplied 
more readily from a burette. This is fitted with an iudiarubber cork, perforated so as to admit a 
short bent tube, for connecting with the combus- 
tion apparatus. The ordinary form of bulb, from 
the bent tube being fractured by the heat of the 
combustion furnace, rendered it necessary to use 
a fresh bulb apparatus for nearly every determina- 
tion. Fig. 203 shows this bulb: C is the combus- 
tion tube, T the bent tube passing through, R an 
iudiarubber cork, and B the absorption apparatus. 

Mr. H. Shepherd, chemist to Messrs. Ollendorff’s Manure Works, Victoria Docks recommends 
tincture of cochineal as indicator for these determinations, instead of litmus. 

Small quantities of nitric acid, and nitrates or nitrites, are conveniently estimated by conversion 
into ammonia, which can be received in a condenser, when distilled, containing acid, or Nesslerized 
if the quantity be very small. Hydrate of soda and aluminium foil or filings (zinc answers as well), 
when dissolved in the presence of nitrates, give rise to the formation of ammonia, from the fact that 
nascent hydrogen decomposes the nitric acid, and combining directly with the nitrogen thus set 
free. When a large quantity of zinc is rapidly dissolved, ammonia is formed from the direct 
combination of the nascent hydrogen with atmospherical nitrogen. It has been proposed to utilize 
this synthetical foimation of ammonia by means of electrolytical hydrogen from water. The 
decompositions which occur in our atmosphere by heavy electrical disturbances show that ammonia 
and nitric acid are both formed. 

Lithia.. (Fr., Litkine ; Ger., LithioiC)^ — Formula LiOj : combining weight, 39, 

This substance, the oxide of the metal lithium, is an alkaline or earthy salt, and was discovered 
in the minerals petalite (silicate of aluminium and lithium) and irtphane, in the year 1817, by 
Arfvedson. It is a white, caustic salt, possessing alkaline properties to an intense degree ; it has 
such a powerful affinity for water that it can only be obtained in the form of a hydrate. It has 
also-the power of attacldug or corroding platinum, so that, in its preparation, silver vessels should 
be employed in preference to those made of the former metal. The hydrate has much the same 
taste, causticity and alkalinity as those of potash and soda, but it is not nearly so readily soluble 
in water. When held in the colourless flame of the Bunsen lamp, it imparts to it a rich crimson 
tinge, by which the presence of the metal lithium is recognized iu qualitative analysis. 

By means of the spectrum analysis, litbia has been shown to exist in minute quantities in sea- 
water and in many mineral waters ; in blood, milk, and the ashes of some plants ; and that instead 
of being a very rare substance, as had always been supposed, it exists in a state of very wide 
diffusion. The principal source of lithia is a hot spring, lately discovered in the Huel Seton mine, 
Cornwall, which contains about 34 grains of chloride of lithia per gallon. The only application of 
lithia at present is as a medicine, in which the whole supply is consumed. 

Potash.— Considerable confusion has always entered into the use of the terms kali, alkali 
potash and soda, arising probably from the very familiarity with which from ancient times the 
substances have been regarded. The term “alkali,” as is well-known, was applied by the 
Arabians to the various soda salts obtained from the ashes of marine plants. Afterwards the 
salts of potash, similarly found iu the ashes of land plants, and the carbonate of ammonia were 
included in the term, the word “ potash ” signifying evidently a preparation of the ashes of plants 
in pots. Probably both potash and soda were known to the ancients, and some vague distinction 
between them recognized, as for instance, when in Jeremiah u. 22, “nitre and' much sope” are men- 
tioned as possessing evidently different cleansing properties. Pliny speaks of a soap made from 
the ashes of plants and grease, and it is very likely, from the evidence of several of the old writers 
that the causticizmg effect of lime upon solutions of alkali was known. It may be noticed that the 
particular character of this reaction-the withdrawal of carbonic acid-was first explained bv Black 
TT demarcation between potash and soda was first drawn by Duhamelin 1736 

Up to that time ammonia and various of its salts had been distinguished as “volatile” alkalies! 
and the potosh and soda salts, indiscriminately, as “fixed” alkalies. Potash was forthwith styled 
vegetable aMi, because it was supposed to be produced solely from the ashes of plants, and 
s^a, mineral alkali, from its existence in rock salt, &c. Klaproth proved that the salts of potas- 
alk^^ existed in various forms in minerals, and substituted the term “ kali” for vegetable 
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The term “ potash,” too, is often employed in a Tery loose manner, to designate sometimes the 
hydrate of potassium, sometimes the carbonate, sometimes the oxide, and so on. As far as possible 
in the present work, the term will be confined to the hydrate — KHO. 

The metal potassium, in combination, besides yielding four oxides — monoxide, K^O ; dioxide, 
KjOj ; trioxide, K^Oj ; tetroxide, KjO, — at present, chiefly interesting to the student of chemistry, 
forms a series of salts of very great importance in the arts and manufactures. These will now bo 
considered in order. 

Hydrate of Potassium. (Fr., Hydrate de potasse, or, simply, Potasse ; Geb., Hal!'). — Synonyms, 
potash ; potash hydrate ; potassium hydroxide ; caustic potash. Formula, KHO. Combining 
weight, 48’1 ; specific gravity, 2’1. 

This substance, usually termed caustic potasli, was formerly supposed to be simply an oxide of 
potassium. Darcet, however, showed in 180§ (ann. Chim. Ixviii., 175), that some other body was 
present besides oxygen and potassium — or soda, and it was then commonly believed that the oxide 
was combined with water. It was not until eomparatively recent times that caustic potash was in 
reality a hydroxide, a compound derived from water by substituting potassium for a portion of the 
hydrogen. 

The hydrate of potassium, or caustic potash, is a hard, white solid, with occasionally a fibrous 
structure, soluble in about half its weight of water (1 part dissolving 2 "13 parts of KHO), freely 
soluble in naphtha, glycerine, and alcohol, and to some slight extent in ether. For water it has 
a very strong affinity, absorbing it greedily from the air upon exposure, and passing, first into a 
carbonate, and finally into a bicarbonate, through combination w'ith carbon dioxide. Its combina- 
tion with water is accompanied by a consideriible evolution of heat. When the concentrated solution 
is cooled the hydrate KHO -1- flH^O crystallizes out in clear colourless acute rliomboheilra. Two 
distinct hydrates are formed with water, the one having a formula KHO -h HjO, and the other 
KHO 2 HjO. The following tables drawn up by Dalton and Tunnermann give somewhat varying 
percentages of hydrate and monoxide contained in aqueous solutions at 15° temperature, aud 
different densities : — 

D.vlton. 


Specific Gravity. 

KHO per cent. 

K2O per cent. 

Specific Gravity. 

KHO per cent 

K^O per cent. 

2-4 


100-0 

1-42 

40-97 

34-4 

2-2 

100 -05 

84-0 

1-39 

38-59 

32-4 

2-0 

86-22 

72-4 

1-36 

35-01 

29-4 

1-88 

75-74 

63-6 

1-33 

31-32 

26-3 

1-78 

67-65 

56-8 

1-28 

27-87 

23-4 

1-68 

60-98 

51-2 

1-23 

23-22 

19-5 

1-60 

65-62 

46-7 

1-19 

19-29 

16-2 

1-52 

51-09 

42-9 

1-15 

15-48 

13-0 

1-47 

47-16 

39-6 

1-11 

11-31 

9-5 

1-44 

43-83 

36-8 

1 1-06 

5-59 

4-7 


Tunbermaiw. 


Specific Gravity. 

KHO per cent 

K2O per cent. 

Specific Gravity. 

KHO per cent 

KoO per cent 

1-3300 

33-693 

28-290 

1 

1437 

16 816 

14-145 

1-3131 

32-345 

27-158 

1 

1308 

15 

498 

13-013 

1-2966 

30- -. 98 

26-0-27 

1 

1182 

14 

151 

11-882 

1-2803 

29-650 

24-895 ! 

1 

1059 

12 

803 

10-750 

1-2648 

28-303 

23-764 

1 

09.38 

11 

456 

9-619 

1-2493 

26-9.54 

22 ’ 032 

1 

0819 

10 

108 

8-487 

1-2342 

24-606 

21-500 ; 

1 

0703 

8 

760 

7-355 

1-2268 

24-933 

20-935 

1 

0589 

7 

412 

6-224 

1-2122 

23 ’585 

19-803 : 

1 

0478 

6 

957 

5-002 

1-1979 

22-237 

18 671 ; 

1 

0369 

4 

717 

3-961 

1-1839 

20-890 

17-540 1 

1 

0260 

3 

369 

2-829 

1-1702 

19-542 

16-408 1 

1 

0153 

2 

0-21 

1-697 

1-1568 

18-195 

15-277 i 

1 

0050 


6738 

0-5658 


In either a liquid or solid state, caustic potash is a most powerful alkali, neutralizing acids, 
decomposiug metaKic salts, possessing a vigorous corrosive action upon animal and vegetable tissues, 
turning reddened litmus solution blue, turmeric brown, and producing a purple colour with an 
infinitely dilute solution of alizarin, or an acidified solution in alcohol of cochineal, or logwood. 
It destroys many of the silicates — ^and hence, should not be kept in glass or porcelain vessels — 
for min g silicate of potassium, and separating the bases. Especially is it destructive to a lead-glass. 
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dissolving out the lead oxide. Its action upon most organic bodies is to take from them the carbon 
and oxygen necessary for its converoion into carbonate. At a temperature somewhat below redness 
caustic potash melts to a tliick colourless liquid, possessing the most powerful caustic projjerties. 
At a full red lieat it volatilizes in white feathery fumes, being decomposed into potassium, hydrogen 
and oxygen. It forma soaps with various fats, oils and resins, and dissolves sulphur, the sulphides 
of antimony, arsenic, &c., also many bases — alumina, silica, &c. 

Caustic potash is usually prepared by dissolving one part of commercial carbonate in 1 2 parts 
of water, boiling the solution and gradually adding one part of thoroughly burnt hme — preferably 
made into milk of lime. The boiling is continued for about twenty minutes after the whole of the 
lime is added, when a dense carbonate of lime is formed, and falls to the bottom as a heavy 
powder. Caustic potash remains in solution together with an admixture of various other salts of 
potassium, the sulphate and chloride, &c. The clear liquor is run off and evaporated to dryness in 
an iron— or, if required of particularly good quality, a silver, vessel. It is then fused at a 
strong heat, whereby the water is as far as possible expelled, and run into moulds. The lime must 
be added until a small portion of the filtered liquid gives no effervescence when treated with an acid. 
The moulds are of iron usually, and are in two halves, screwed together to make a tight joint. The 
fused caustic potash is poured in at the top, and, when cool, the halves are unscrewed and the 
solid product, in the form of sticks removed. This is the ordinary “ stick,” or “ lump ” potash of 
commerce. A still better article may he made by treating the stick potash with methylated spirit, 
or alcohol, evaporating the solution to dryness, and fusing in an iron or silver vessel. It is never, 
however, free from a certain admixture with other salts of potassium. The “ liquor potasses ” is 
usually prepared in this way, the process being carefully conducted so as to leave only the smallest 
possible quantity of carbonate. The quantity of water must not be less than that stated, and it is 
well to have a slight excess of lime. Liquor potass® and lump potash have usually about the 
following composition : — 




Liquor Potass®. 

Lump T‘otash. 



Hydrate of potassium 

5-10 

1 6S-75 



1 Carbonate „ 

•21 

4-90 



j Sulphate „ 

trace i 

•07 



Chloride „ 

•10 

•75 



Nitrate „ 

tiaee 

trace 



Caustic soda 

*25 

13-07 



Soluble silica and alumina .. 

•03 

•40 



Water 

91-00 

11-50 




99*99 i 

i 

99-94 



Liquor potass® should stand about I’Oo specific gravity. 

The well known ‘ potash and “pearl ash of America and Kussia are very extensively used 
in this manufacture. It will be uoted that the process is similar to the ordinary production of 
caustic sotla, and may he carried out from the commencement, employing chloride of potassium in 
place of the corresponding chloride of sodium. This substance heated with sulphuric acid, gives a 
sulphate of potash with the evolution of hydrochloric acid. The potash salt furnaced with clialk 
and small coal in a reverberatory furnace gives an impure carbonate, which is drawn out of the 
furnace iu large lumps answering to the “ black ash " of the Le Blanc soda process. These lumps 
are broken up and lixiviated in tanks, the dissolved pure carbonate run off into pans, boiled down 
to dryness and furnaced. 

The best carbonate to use in this process, is that obtained by igniting cream of tartar. The 
crude potash, or pearl ash, gives only an impure product, and requires further purification by the 
treatment with alcohol as above mentioned. This is Berthollet’s plan. The first caustic solution 
sliould be concentrated until it attains a thick consistency, and well agitated with one-third its 
volume of alcohol. The mixture is then allowed to settle, the impurities— chloride, carbonate, and 
sulphate of potash, &c. subside with whatever lime or oxide of iron may be present and the 
lighter caustic potash solution remains clear upon the top. This is decanted off, freed by distillation 
from the alcohol, and evaporated to dryness in a silver vessel. Whatever impurities are left float 
on the surface during concentration, and are removed. The pure hydrate is then run into moulds 
or poured out on plates to cool. ’ 

Other methods of preparation are the following:— (a) by the action of the metal potassium 
upon water ; hydrogen gas is evolved, and hydrate of potash funned. The liquij is evaporated and 
fused m silver apparatus as already described. In this way the purest caustic potash is prepared 
(b) By the action of the monoxide upon water, thus : — 

K^O + HjO = 2 (KHO). 
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(c) By decomposing nitrate of potassium with metallic copper at a red heat, thus : — 

2 KNO3 + 3 Gnj = 6 CnO + Nj + K^O. 

One part of the potassium salt, and 2 or 3 parts of copper clippings are arranged in layers in a 
crucible and exposetl to a dull red heat for half an hour. The mass is then allowed to cool, lixiviated 
with water and settled. Oxide of copper separates out, and the clear caustic potash in solution is 
decanted oif, evaporated and fused. (J) By decomposing sulphate of potash by hydrate of barium, 
thus : — 

KjSO, + BaHjOj = BaSO, + 2 KHO. 

The baryta water is added iu slight excess, and the sulphate of barium settled out, leaving 
caustic potash to be treated in the manner already described. 

The uses of caustic potash are many and varied. Its chief application, of course, is in the 
manufacture of soap. It is also used in the refining of saltpetre, in the manufacture of oxalic 
acid, and is a chemical reagent, absorbing carbon dioxide in organic and inorganic analyses, drying 
gases, &c. It is a powerful poison, and is used to some considerable extent in medicinal prepara- 
tions as an antacid. 

The chief impurities are carbonate of lime, oxide of iron, peroxide of potassium, carbonate of 
potassium, sulpitate of potassium, and nitrate of potassium. The presence of most of these bodies 
depends upon the care with which the preparation is conducted. 

The following analyses by Tatloek represent the composition of various kinds of commercial potash. 



White. 

Brown or Cream. 


\. 

2. 

3. 

Hydrate of potassium 

77- 61 

75-64 

74-05 

Carbonate „ 

4 *62 

2-54 

3-14 

Sulphate „ 

•38 

•21 

•69 

Chloride „ 

2-29 

•93 

2-26 

Nitrite „ 

•87 


, . 

Hydrate of sodium 

4-67 

2-59 

3-20 

Soluble silica and alumina 

•30 

•20 

•55 

Insoluble matter 

•02 

•22 

•69 

Water 

8-84 

17-80 

15-80 


99 68 

100-13 

100-38 

Potassium in hydrate 

54 11 

52-72 

51-60 

Equal to potash (K^O) 

65- 19 

63-51 

62-17 

Potassium iu carbonate 

2-61 

1-44 

1-78 

Equal to potash 

314 

1-73 

2-14 

Potassium in sulphate 

•17 

•09 

•31 

Equal to potash 

•20 

•11 

•37 

Potassium in chloride 

1-20 

•49 

1-18 

Equal to potash 

1-44 

•59 

1-42 

Potassium in nitrite 

•40 



Equal to potash 

•48 



Total potassium 

58-49 

54-74 

54-87 

Equal to potash 

70-45 

65-94 

66-10 

Total available potassium 

56-72 

54-16 

53-38 

Equal to potash 

68-33 

65-24 

64-31 

Or carbonate of potassium 

100-24 

95-71 

94-34 

Total alkali calculated as potash . . 

73-83 

68-28 

68-08 

Eatio of sodium to available potassium — 1 
potassium, 100 / 

4-73 

2-74 

3-35 

Ratio of soda (Na^O) to available potash 1 
(KjO) — potash, loo / 

5*29 

3-07 

3-85 


The manufacture of potash is carried on to a large extent in France and Germany. In England 
very excellent qualities are made upon a considerable scale in Lancashire and at Glasgow, the Green- 
bank Alkali Company and the North British Chemical Company being the largest manufacturers. 

Cariomte of Potassium. (Fk., Carbonate de Potasse; Ger., Kohlensdurcs Kali). — Synonyms, 
carbonate of potash, potashes, pearl ash, salt of tartar. Formula K^COj. Combining proportion 
138-2. Specific gravity 2-2. 

The terms “ pottRh,” “ potashes ” are very commonly given to this substance, from one of the 
methods of its preparation, i. e. pot ashes. Formerly its only source was the ashes of plants, and 
about one-third of the total potashes now imported into this country are still the product of the old 
processes. The treatment of the ashes of plants to obt-ain carbonate of potassium is a time-hououred 
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institutioH, and the industry is still an important one in districts where wood is plentiful — in 
Canada, North America, Russia, Hungary, &c. As the old forests became extinct, other sources of 
an article of every day use had to he found, and, as will be noted hereafter, the methods of prepa- 
paration are now exceedingly various. 

Carbonate of potash is a hard white solid — sometimes a white granular powder — with a strong 
alkaline reaction and taste. At a temperature somewhat over 800° it melts, losing a portion of its 
carbonic acid. At a still higher temperature it slowly volatilizes. All the acids, even in a dilute 
state, decompose it with evolution of carbon dioxide, leaving a salt of the acid employed. It is 
exceedingly deliquescent, absorbing moisture from the air, and forming a thick oily liquid, some- 
times kown as “ oleum iurtari per (lelirjuium.'’ It is .soluble in about its own weight of water at 
the ordinary temperature, the solubility increasing with the heat applied : — tlius, 

At 0° 100 parts of water dissolve SO'd parts of carbonate. 


20 ° 

SJ 

» 

112 

19 


40° 

9i 

» 

117 

19 

99 

60° 

it 

» 

140 

19 

91 

135° 


5» 

205 

19 

99 


These solutions are always accompanied by the evolution of heat. The following table gives 
the densities and corresponding percentage composition of various carbonate solutions at 15°. 



Specific Gravity. 

K 2 CO 3 . 

1 

1 Specific Gravity. 

K 2 CO 3 . 

Specific Gravity. 

K 2 CO 3 . 




per cent. 


per cent. 





1-00914 

1 

1-18265 

19 

1-38279 

37 



1-01829 

2 

1-19286 

20 

1-39476 

38 



1-02743 

3 

1-20344 

21 

1-40673 

39 



1-03658 

4 

1-21402 

22 

1 1-41870 

40 



1-04572 

5 

1-22459 

23 

1-43104 

41 



1-05513 

6 

1-23517 

24 

1-44388 

42 



1-06454 

7 

1-24575 

25 

1-45573 

43 



1-07396 

8 

1-25681 

26 

1-46807 

44 



1-08337 

9 

1-26787 

27 

1-48041 

45 



1-09-278 

10 

1-27893 

28 

1-49314 

46 



1-00258 

11 

1-28999 

29 

1-505S8 

47 



1-11238 

12 

1-30105 

30 

1-51801 

48 



1-12219 

13 

1-31261 

31 

1-53135 

49 



1-13199 

14 

1-3-2417 

32 

1-54408 

60 



1-14179 

15 

1-33573 

33 

' 1-55728 

51 



1-15-200 

16 

1-34729 

34 

1-57048 

52 



1-16222 

17 

1-35885 

35 

1-57079 

52-024 


; 1- 17243 

18 

1-37082 

36 





When a concentrated solution is cooled, crystals of carbonate, having the composition 
2 K 2 CO 3 •+ SH^O, and belonging to the monoclinic system, separate out. When these are heated 
to 100° they fall into a powder, losing two-thirds of their water of crystallizntion. At 130°, the whole 
of the water is driven off, and an anhydrous carbonate, in the form of a white powder left. 

It has been stated already that there are many methods of preparing carbonate of potash. For 
laboratory purposes, or where a particularly pure article is required, the crystals of cnam of tartar 
(bitartrate of potassium) may be calcined, the residue treatetl with water, evaporated and dried at 
a low red heat. Or a stream of carbon dioxide may be passed into a solution of pure hydrate of 
potassium, and the resulting carbonate evaporated to dryness, and ignited. Or one part of salt- 
petre may be heated with two parts of oxalic acid and a little water, evaporated to dryness, and 
ignited. Or pure saltpetre may be fused in a porcelain or earthenware crucible, and small pieces of 
charcoal dropped in till all deflagration ceases. 

Upon a manufacturing scale, the following are the principal sources of carbonate of potassium 
About one half of the total produce is still made from the ashes of land and marine plants ; one-fourth 
from sulphate of potassium, produced by the decomposition of the chloride by sulphuric acid, and 
from various potassium compounds; the remainder from “Suint,” or the wool of sheep impreg- 
nated with the sweat exuded from the skin, felspar and other silicates. Although the last named 
source is as yet comparatively untried grouud, it should be noted that in reality felspar and the other 
silicates yield, in the first instance, their potash salts to all the other sources. Many powerful agencies 
—the oxidizing action of the air, the wearing and disintegrating force of water, and especially water 
containing carbonic acid, the very carbon dioxide in constant expiration by aninlils— are continually 
at work breaking up the hardest rocks, and dissolving and carrying away the alkalies contained 
therein. One Table will sufSco to show the changes induced by this process of decomposition- 
felspar being the example. 
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Per cent. in. 
Original Mineral. 

Per cent, in 
Mineral after 
Decomposition. 

Silica 

65 

21 

32-50 

Alumina 

18 

13 

18-13 

Potash salts 

16 

66 

2-80 

Soda 



0-25 

Lime 



0-35 

Magnesia 



0-27 

Oxide of iron 



0-73 

Water 



5-11 


I 100-00 


00 14 


Manufacture from Wood-ashes. — Potassium salts abound in many land and marine plants, the 
ashes obtained by calcination showing great diversities in quantity and composition. The carbonates 
are found usually in the largest proportion, also the chlorides, sulphates, phosphates, and silicates. 
The following Table will sutficiently exhibit the remarkable diversity in composition ; the propor- 
tions given are of 1000 parts. 



Asb. 

Potash, K. 2 O. 

Pine wood 

3-40 

0-45 

Beech 

5-80 

1-27 

Ash 

12-20 

0-74 

Oak 

13-50 

1-50 

Elm 

25-50 

3-90 

Willow 

28-00 

2-85 

Vines 

34-00 

5 -.50 

Ferns 

36-40 

4-25 

Wormwood 

97-40 

73-00 

Fumitory 

219-00 

79-90 

Dahlia, with blossoms and leaves 

79-92 

19-98 

„ stems after flowering .. 

44-57 

3-60 

„ bulbs 

99-16 

13-44 

„ branches 

23-05 

2-50 

Acacia „ 

21-59 

2-56 

Grape atoms 

88-88 

41-66 

Vines 

46-66 

12-73 

Shins of grapes 

72-91 

14-88 

Stems of a cluster of grapes 


39-81 

Grape stones 

•• 

9-50 


A great deal of this diversity is of course due to the soil in which the plants have been grown. 
The vegetable salts are contained in the juice, therefore the more succulent the plant the greater 
the yield of these substances. As a rule, the twigs and leaves yield more potash than the larger 
growths. Potatoes, chestnuts, heather, broom, furze, sorrel, beet leaves, and tobacco stalks may be 
mentioned as yielding upon incineration large quantities of potassium salts. As a sample of tho 
composition of timber, the following analysis (Berthier) of the ash of pine wood may be given : — 

Soluble in Water, 


Carbonate of potassium 1-80 

Sulphate of potassium 3 • 6S 

Chloride of potassium 1-88 

Carbonate of sodium . . 6-03 

Silica -18 


Insoluble m Hider. 


Lime 38-51 

M.tgnesia 9-56 

Oxide of iron -09 

Oxide of manganese -36 

Carbonic acid 32-77 

PhSphoric acid -91 

Silicic acid 4-19 
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It will be seen what an enormous amount of material has to be treated to obtain, say, one ton 
of commercial carbonate of potassium. The wood of the pine yields about l’2o per cent, of ash, 
and of this not one-fifth consists of carbonate. Large timber is usually selected in preference 
to the smaller growths or herbaceous plants, although these are far richer in potash salts, 
because the soils in which the trees are grown is not impoverished by a too rapid utilization 
of their potassium compounds. Without an altogether unremunerative system of artificial 
preparation of the land, it would be impossible to keep up a supply of the woods which are richest 
in potash. 

The method of manufacture, as usually carried on, is of the simplest possible description. The 
plants, or timber, are arranged in pits some 3 or 4 feet deep, or piled upon the ground and burned, 
fresh material being added from time to time until a sufficiently large heap of ashes is obtained. 
Dm ing this process whatever organic salts of potassium and sodium are present are converted into 
carbonates and hydrates, and remain behind with the other potash, &c., salts when the combustion 
is completed. Tlie ash obtained is sifted carefully from half-burnt wood or charcoal, and placed in 
a series of wooden vessels for lixiviation. This part of the process is conducted in a variety of 
ways. Commonly the tanka are ranged in three rows one above another. Each is provided with a 
false perforated bottom loosely covered nith cinders or straw. Below the false bottom a pipe 
communicates with the tank placed immediately below it. The ashes are filled in upon tlie false 
bottoms of the uppermost row of tanks, and water at a temperature of about 110° run upon them. 
A smalt quantity of slaked lime should be added to render the dissolving out of the carbonate and 
hydrate of potassium more certain and complete. The strong liquors are run off, as soon as each 
tank fills, to the evaporaiing pans, fresh water being run on meanwhile. When the liquors begin 
to come over weak, the lye is run upon the second set of tanks placed below, in which fresh ashes 
have been jilaced, and again, when sufficiently strengthened, run off to the pans. This operation is 
continued at will, the fresh water and weak lye always coming upon unexhausted ash. The 
final weak liquor from each tank may be run to waste if a particularly good product is required. 
It will be seen that this method of li.xiviution corresponds almost exactly with the tank operations 
of the Le Blanc soda process. 

The lye, of a light-brown colour if good, is evaporated in the iron pans mentioned, until it 
assumes a thick consistency. Sometimes the operation is continued until the mass is almost solid — 
being in the state of the “black salts” of the corresponding soda process — sometimes the thick 
liquors are boiled down in a separate vessel to dryness. A pretty constant agitation should be kept 
up during evaporation. This crude product consists chiefly of carbonate and sulphate of potassium, 
with about 12 per cent, of water, also various impurities and empyreumatic bodies. From the 
drainers into which it is raked, or the pots, it is spread upon the sole of a reverberatory furnace and 
thoroughly calcined, the heat being kept under until the salts are thoroughly dried, but finally 
urged to redness. During calcination the mass of salt is carefully paddled and turned over, so that 
every portion is exposed to the action of the heat. The loss of weight amounts usually to about 
20 per cent., all carbonaceous matters being burned out, potassium hydrate converted into carbonate, 
and the various lower sulphur salts oxidized into sulphate. The product is then known as “ pearl- 
ash.” Commercial “ pot-ash” is the crude product of the pans or pots — the evaporated lye, before 
the impurities have been removed in the carbonator, as described. The “ pot-ashes,” known as 
“ firsts,” “ seconds,” “ thirds,” and “ uiibrandables,” according to quality, are usually of a grey 
colour. If the carbonating process has been carefully conducted, the “ pearl-ashes ” are white, or 
very nearly so. The latter may be subjected to a second refining process, being redissolved, con- 
centrated, evaporated, and furnaced in similar apjiaratus to that used in the first process. The 
product then corresponds to the “ refined alkali ” of the soda manufacture. It is sometimes called 
“salt of tartar.” The very finest quality is made by washing out the soluble carbonate from the 
calcined pearl-ash, and evaporating the solution in iron pans, keeping the mass well stirred. It then 
assumes a granular form, and a beautifully white colour. 

There is a considerable variety of both pot-ashes and pearl-ashes, the products of the different 
localities where they are manufactured having their own distinctive characteristics. The American 
pot-ashes are usually grey, or reddish grey, and of three qualities, containing respectively 35 to 40 
per cent, of potash, 48 to 52 per cent., and 54 to 58 per cent. They are usually packed in oak 
barrels, weighing from 3 to 10 cwt. each. The American pearl-ash is of good quality, very fairly 
white, and ranging up to 58 per cent. In Russia and Poland the carbonate is often manufactured 
from the ash of straw, the product being inferior, and going by the name of “ potasse de paille.” 
The best Russian pot-ashes, often called Kasan, contain from 48 to 52 per cent, of potash. French 
pot and pearl-ashes are of superior quality, and are often manufactured from the lees of wine and 
vine stalks. The Tuscan are of three qualities — 60 per cent. ; 50 to 55 peAent., white ; 50 to 55 
per cent., blue. The following Tables show the composition of average samples of the various kinds 
of pot-ashes : — 
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Tuscany. 

1 Eussia. 

Vo^es. 


j Carbonate of potassium 

78-24 

60-22 

39-43 


1 „ sodium 

3-67 

' 7-61 

4-17 

1 

1 Sulphate of potassium 

11-66 

15-77 

38-74 1 

1 Chloride „ 

1-00 

3-99 

8-46 1 

1 Insoluble 

•65 

2-40 

2-66 


! Moisture 

4-59 

' 9-50 

5-34 


j Phosphoric acid, lime, silica, &c. . . 

•27 

•53 

1-20 1 

1 


1 

100-08 1 

100-02 i 

100-00 


Large quantities of American pot-ashes are still imported into this country, chiefly from the 
ports of Montreal, Quebec, and New York, and are consumed in the manufacture of soft-soap. The 
quantity is becoming smaller year by year, less timber being felled now than formerly for this 
purpose, and also because the demand for potash is now almost entirely supplied by the carbonate 
made from the sulphate by Le Blanc’s method, and by that obtained from the French beet-root 
yinasses. The amount of potash obtained from timber is exceedingly small, as compared with the 
quantity of the latter consumed. Pine-wood contains about 1 • 25 per cent, of ash. of which about 
0 • 12 per cent, is potash ; hence, in order to produce 1 ton of commercial pot-ashes, containing 65 per 
cent, of total potash, about 520 tons of timber would have to be burned. In the course of a few 
years, it is probable that timber, as a source of commercial potash, will be entirely superseded by 
the newer European methods. The following table represents average samples of Montreal pot-ashes 
of different qualities : — 




Firsts 

Seconds. 

Thirds. 



Carbonate of potassium .. 

35-01 

30-12 

38-47 



Hydrate „ .... 

43-26 

36-53 




Sulphate „ .... 

12-86 

14-05 

53-34 



Chloride of sodium 

2-90 

9-47 

0-62 



Carbonate „ 

2-23 

5-88 

6-03 



Insoluble 

•96 

2-67 

1-54 


Water 

2-80 

•90 

•• 



100-02 

99-62 

100-00 



An average sample of good Canadian pearl-ash is given in the following table : — 


Carbonate of potassium 74 ' 44 

Sulphate „ 13 ’01 

Chloride „ 3 "14 

Carbonate of sodium 2-58 

Soluble silica, &c 1’76 

Insoluble „ '35 

Water 4 '72 


American pot-ashes contain, as a rule, more caustic potash than other qualities. This is owing 
to the use of lime in the lixiviating tanks ; and, for many purposes, as, for example, soap-making^ 
where the pot-ash has ultimately to be causticized, it is a positive advantage, saving lime in the 
after process. 

New and better methods of manufacture have to a large extent supplanted the wood process; 
but the industry is still a very large one. It is carried on chiefly in America, Canada, Eussia, 
France, Italy, Poland, Belgium, and Austria ; America alone supplies about one-half of the total 
amount manufactured. The prices range from 20s. to 24s. per cwt. for pot-ashes, and from 28s. to 
32s. for best pearl-ashes. 

Carbonate of Potash from Beet-root Molasses. — The existence of considerable quantities of 
potassium salts in the juice of beet-root has been for long a recognized fact, and many processes 
have been set on foot*for their extraction. These salts are for the most part left in the mother 
liquors or “ molasses ” of the ordinary sugar-refining process, after crystallization. 
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The following table represents the ordinary composition of the molasses salts : — 



1. 

2. 

3. 

Potash 

51 05 

49-69 

49-50 

Soda 

814 

9-71 

9-86 

Lime 

4-08 

4-30 

3-36 

Masmesia 

•18 

•14 

•14 

Carbonic acid 

28-80 

28-42 

28-32 

Sulphuric acid \ 




Phosphoric acid 1 




Silicic acid J 

7-74 

7-71 

9-29 

Chlorine 1 




Oxide of iron ) 





99 99 

99-97 

100-47 


The potash salts are extracted from the molasses in the following manner : —The liqnors are 
diluted down to about 1-05 and slightly acidified with sulphuric acid. A small quantity of the 
yeast of beer (2 to 2i per cent.) is added, and the whole is then allowed to ferment for a period of 
about five days. The spirit is then distilled off, leaving a liquor, usually called “ vinasse,” which 
contains all the original potash salts. To this an excess of chalk is added, and the resultant sulphate 
of lime, &o., allowed to settle. To facilitate this process, it is usual to concentrate the liquors 
slightly in an iron pan and then run them into tanks to settle. The clear supernatant liquor is 
siphoned off into wrought-iron pans, boiled down to dryness, and finally calcined in a reverberatory 
furnace. The crude product is called “ salin,” and contains from 35 to 45 per cent, of carbonate of 
potash. The effect of the lime is to notably increase the proportion of the potash salt. The 
composition, of course, varies very considerably with the different soils, and state of the soils, upon 
which the beet-root has been grown. 

A very excellent furnace for calcining the vinasses is shown in Fig. 204, the construction of 
which will be at once apparent. The sole of the furnace is divided info two compartments. The 
liquors are kept in a small bath 
placed upon the arch, and a portion 
is run down, as may be required, 
into a suitable vessel placed upon 
the bed of the compartment farthest 
from the fire, to which vessel is 
attached a long handle to move it 
forward. As soon as the contents 
of this ladle assume a thick, pasty 
consistency, they are removed to 
the compartment next the fire, where 
calcination is completed. In the 
meantime the ladle is drawn back 
and refilled with another charge of 
liquors. 

A refined product has of late years come into favonr. This is produced either by washing 
the crude “salin” with water, and boiling down and calcining the resultant liquors, or by 
crystallizing out as far as possible all impurities. 

Or, to obtain a still better carbonate, the “ salin ” is washed, and the lixivium concentrated up 
to 1 '5. During concentration, sulphate of potassium and chloride of potassium crystallize out and 
are skimmed off. The mother liquors are further concentrated and run into shallow cooling pans. 
Here a mass of crystals— a mixture of various salts, but chiefly a double salt of carbonate of potas- 
sium and sodium — separates out. The residual liquors are then removed, boiled down to dryness, 
and calcined. The crystals are dissolved and recrystaUized, the mother liquor again yielding a 
quantity of pure potassium carbonate. 

Two other processes for obtaining carbonate of potassium from molasses may be mentioned. 
Billet distils the “ vinasses ” in an ordinary gas retort, passing the products of distillation first into 
a small vessel where the greater part of the tar condenses, then through a worm placed in water, 
the products of condensation falling into a reservoir. The uncondensalfc gases pass off into a 
purifier, and may be burnt. In the retort is left a product answering to the “ salin ” already 
described. This is raked out, lixiviated, evaporated, and calcined. Seymour treats the saccharine 
juices with solution of caustic baryta, or sulphide of barium, obtaining saccharate of baryta as a 
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precipitate. Hiis is washed with a weak solution of caustic baryta. The liquors are evaporated or 
subjected to a stream of carbon dioxide, to remove the baryta as hydrate or carbonate, and the 
residual liquors boiled down to obtain the alkaline salts. 

The extraction of carbonate of potash from beet-root molasses is a rapidly increasing trade. It 
is carried on chiefly in France, Germany, Belgium, and Austria, and yields something like 12,000 
tons per annum. 

Carbonate of Potash from the Lees of Wine and Tartars. — After fermentation, the lees or 
“ yeast ” is placed in bags and pressed into hard cakes. These are then dried and burnt over a 
slow fire, yielding a light porous product ctilled “ cendres grarelees," which consists of a mixture 
of salts, chiefly carbonate of potash ; lixiviated and calcined in the manner already described, tlie 
cetidi-es gravelees give a remarkably pure carbonate. The refnse from the manufacture of brandy 
is treated in similar fashion. 

The well-known cream of tartar, or acid tartrate of potash, crystallized out from a solution of 
the crust which forms upon the casks during fermentation, is incinerated, and yields a black mass, 
called “ black flux,” which consists of various potash salts — chiefly carbonate — mixed with charcoal. 
This “black flux,” deflagrated with nitre, yields a fairly good potassium carbonate, sometimes 
called “ white flux.” These processes are carried on only to a small extent, and chiefly in France 
and Spain. 

Carbonate of Potash from the Sulphate, Briue Springs, &c. — Next to the ashes of plants, the 
greatest amount of carbonate of potassium is obtained from the snlphate. The process is almost 
identical with the Le Blanc soda process, the raw material (sulphate) being obtained either from 
chloride of potash and sulphuric acid by the ordinary sulphate process, or by decomposing the 
former with sulphate of magnesium, or “ kieserit.” Equal weights of sulphate, and finely divided 
limestone, or chalk, together with varying quantities of small coal, are furnaced together in a 
reverberatory furnace, the product being an exceedingly impure carbonate of potassium. When the 
decomposition is complete, the molten mass is raked out, broken up when cool, and lixiviated in 
tanks. The soluble salts of potash and soda are thereby dissolved out, evaporated, and calcined in 
a small reverberatory furnace. Further details of this process will be given when treating of the 
soda compounds. 

A carbonate of better quality is produced by following more closely the carbonating operation of 
the soda process. The liquors from the tanks are evaporated, the chloride and sulphate of potas- 
sium which separate out during the concentration being skimmed off, and sawdust is thrown in. 
The dried salts are then removed to the carbonator and exposed to a heat at first gentle, but 
finally urged to dull redness. By this process, the sulphur compounds are oxidized into sulphate 
and the caustic potash converted into carbonate. The chief object of the sawdust is to keep the 
mass of salt open. A carbonate carefully made in this manner should give about the following 


composition ; — 

Carbonate of potash 89-59 

Sulphate „ 3-98 

Chloride „ 2-49 

Carbonate of soda 2-33 

Soluble silica and alumina -19 

Insoluble matter -13 

Water 1-27 


99 98 


Upon a small scale, a hydrated carbonate is manufactured containing about 15 per cent, of water 
and having the formula K^COj -1- 2HjO. 

This is made by dissolving the crude carbonate, boiling down not quite to dryness, and allowing 
the mass to cool, stirring it vigorously in the meantime. The product is a fine white granular salt. 

The manufacture of potassium carbonate from the sulphate by the methods described is a rapidly 
increasing industry. Something like 16,000 tons per annum are now produced, and, all things con- 
sidered, it seems likely to supersede the other processes. It is much more amenable to the altered 
conditions of the labour market ; a pure article is more readily obtained ; and the soil is not im- 
poverished by a too rapid withdrawal of the pofcish compounds, which must be the case where 
beet-root and other plants are the material operated upon. 

It is of great importance to free the potassium carbonate as much as possible from soda com- 
pounds, as these considerably destroy the fine character which the potash salts give to the articles 
manufactured from tlilm. In the preparation of bichrome, ferrocyanide of potassium and soft soaps, 
for example, the potash compound should not contain above 3 per cent, of soda. 

Preparation from “ Suint.” — From this remarkable source about 100,000 kilos, of carbonate of 
potash of very good quality are annually obtained. Suint is the term given to the sweat exuded 

s 2 
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from the skin of the sheep, and retained in the wool. The residue left after lixiviation of the 
skins in water contains earthy matter mixed with charcoal so very finely divided that it may be 
used as black paint. According to MM. Mamnene and Eogelet, a fleece weighing 4 kilos, contains 
eOO grm. of snint, capable of yielding 198 grm. of pure carbonate of potash. According to Fuchs, 
however, the quantity of suint amounts to only about 300 grm., made up as follows : — 


Sulphate of potash 7*5 grm. = 2 ‘5 per cent. 

Carbonate „ 133 "5 „ = 44 ‘5 „ 

Chloride „ 9’0 „ = 3-0 „ 

Organic matter 150 ' 0 „ = 50 ■ 0 „ 


3000 „ = 100-0 


The potash salts, of course, are derived in the first instance from the soil upon which the food of 
the sheep is grown, and upon the nature of this soil depends the composition of the “ suint.” 
Other things being equal, it has been found that the merino wool contains the greatest amount of 
potassium salts, ranging as high as 30 per cent. 

The process usually employed for the extraction of the potassium salts is that of MM. Maumene 
and Eogelet, and depends upon the ready solubility of the suint in water. The wool is pressed 
into casks and thoroughly washed with cold water. The grease of the wool forms, with a certain 
amount of lime, &c., always present, an insoluble soap, and the suint comes off remarkably freely, 
in the shape of a light brown solution, of about 1-15 specific gravity. This is boiled down to 
dryness, and treated as an ordinary potash liquor, calcined, lixiviated, and again fnmaced in a 
reverberatory furnace. By this method, and by fishing out the chloride and sulpliate of potash 
during evaporation, a very good carbonate is made. This process is carried to a considerable 
extent in France and Germany ; Eheims, Elboeuf, and Verviers being the chief seats of the trade. 

Carbonate of Potash from Felspar, &o. — ^It has already been noted that the silicates as a source 
of potassium carbonate form a comparatively untried ground. Many processes have been set on foot 
for the treatment of these minerals, but very little has yet been done with them on a manufacturing 
scale. The reader is referred for further information to the patents of Fuchs, Lawrence, Meyer, 
Ward, Tilghmann, and Sprengel. Most of these processes go upon the same lines — a calcination of 
the mineral with lime, and lixiviation of tlie product. Ward adds fluor-spar to the lime to assist 
in the decomposition of the silicate at the lowest possible temperature, thereby effecting a great 
saving in time and fuel. This seems to be the best process yet brought forward. 

Carbonate of potash is used largely in the manufacture of soft soaps, being first converted 
into caustic potash. It is, for all purposes, the principal source whence the hydrate is obtained ; 
and from it, too, are made the bichromate and yellow prussiate of potash, and various kinds of 
potash glass. In medicine, it furnishes an antacid and diuretic. It is also largely used for cleans- 
ing purposes; in Turkey red dyeing, for the emulsion of oil, and in printing, as a solvent of 
annatto, &c. 

The only true means of determining the composition of any given sample is to make a com- 
plete analysis. The certain presence of soda compounds renders the ordinary alkahmetrical test of 
no use, inasmuch as the soda neutralizes the acid along with the potash. 

Bicarbonate of Potassium. (Fk., Bicarbonate de Potasse ; Gek., Zweifach KoMcnsaures Kali.) 
Synonyms, acid carbonate of potash ; potassium hydrocarbonate. Formula, KHCO3. — This salt is of 
comparatively small importance to the manufacturing world. It is, however, used in certain 
medicinal preparations as a diuretic and antacid. It is usually met with in the form of large crystals 
derived from a right rhombic prism. Soluble in four parts of cold water, the aqueous solution has 
a slightly alkaline reaction and taste. Upon boiling, carbon dioxide is given off, and the mono- 
carbonate left. The following table shows the solubility of the salt in water of different 
temperatures : — 


At 0°, 100 parts of water dissolve 
10 „ ,, 

» 20 „ „ 

„ fio ,, ,, 

„ 60 

r ^0 „ „ 


19-61 parts. 

23-33 „ 

26-91 „ 

37-92 „ 

41-35 „ 

45-24 „ 

it into carbon dioxide and simple 


The crystals, like the solution, are decomposable by hea 
carbonate. e 

Bicarbonate of potash is usually prepared by passing a stream of carbon dioxide into a cold 
saturated solution of the carbonate. The gas is rapidly absorbed, forming a white crystalline 
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precipitate of bicarbonate, which is redissolved in hot water, or by passing in steam, and leaving 
the solution to cool. The bicarbonate separates out in large crystals, which are drained and dried 
at a low heat. Anotlier method of producing a very pure salt is to pass a stream of carbon dioxide, 
prepared from marble and a pure acid, into an alcoholic solution of pure caustic potash. The 
crystals of bicarbonate should be washed with fresh alcohol. 

Chlorate of Fotassium. (Fn., Chlorate de Potasse ; Geb., Chlorsaures Kali.) Formula, KCIO3. — 
This salt has become of considerable importance from a manufacturing point of view. It forms 
anhydrous, tabular crystals, in taste resembling saltpetre, which melt and decompose at a low 
red heat, oxygen being disengaged from both acid and base, and chloride of potassium left. 
Heated with any combustible matter, chlorate of potash deflagrates violently, explosion often 
occurring with friction, or blows. It is slightly soluble in cold water, the rate of solubility 
increasing very rapidly as the temperature is raised. Thus : — 


At 

0 °, 100 parts of water dissolve .. 

. . . . 3 ' 33 parts of chlorate. 

»> 

13-32 

»» » 

.. .. 5-60 „ 


15-37 

>« >» 

.. .. 6-03 


24-43 


.. .. 8-44 

» 

35-02 


.. .. 12-05 

)) 

49-08 

>> »» •• 

.. .. 18-96 „ 


74-89 

11 1* • • 

.. .. 35-40 

if 

104-78 

if ♦ • 

.. .. 60-24 


Formerly chlorate of potash was obtained only by passing a stream of chlorine gas into a 
solution of caustic potash, or the carbonate. The liquors were concentrated and cooled, when 
colourless crystals of chlorate separated out. The process adopted now is to pass chlorine gas into 
a mixture of milk of lime and chloride of potassium, contaiiied in strong iron vessels fitted with 
agitating gear. Usually, these vessels are about 7 ft. in diameter by 7 ft. deep. A considerable 
degree of heat is generated, and chlorate of potassium and chloride of calcium are formed. The 
liquors are run off and crystallized in iron vessels, when the chlorate separates out and chloride of 
calcium remains in solution. The first crop of crystals is removed and placed in lead-lined tanks, 
where it is redissolved in boiling water, the necessary temperature being obtained by passing in 
steam. The solution is then run into shallow vessels and recrystallized. A very pure article 
may be made by this process, although, since great care is needed, there is a good deal of difference 
between the various brands. It should consist of nearly pure chlorate, the only impurity being 
about O' 25 per cent, of chloride and moisture. 

This process is usually worked in connection with the “decomposing” section of the Le Blanc 
soda manufacture, and takes the place of, or is carried on concurrently with, the bleaching powder 
process. The chlorine is generated by the action of hydrochloric acid upon binoxide of manganese. 
The latter, in weight varying from two to five cwt., is placed in stills of greatly varying shapes, 
but always constructed of stone, preferably Yorkshire flags, carefully dressed and bound up with 
strong iron girders. Hydrochloric acid is run in, at a specific gravity of about 2S“ Twa., 
and steam introduced through a pipe passing through the cover of the still, and reaching below 
the level of the liquor. Chlorine gas is generated, and conducted away through earthenware pipes 
fixed in the cover, a mixture of chloride of manganese and iron being left in solution. A more 
detailed description of this part of the process will be given under the head of Bleaching Powder. 
It is usual now to recover the manganese from the “ still liquors ” by Weldon’s patent process, for 
a full description of which the reader is also referred to the same article. 

A third method of preparation is by heating chlorate of calcium with chloride of potassium, 
thus:— 

Ca2C103 -1- 2KC1 = CaCl, + 2KCIO3. 


Chlorate of potash forms a well-known source of oxygen gas, and this property of readily 
yielding up its oxygen makes it valuable for many purposes. It is largely used in calico printing, 
as an oxidizer ; calico prepared with a solution of it saves time in ageing ; a mixture of it with 
arsenite of soda is used to facilitate tlie fixing of iron mordants : it is also employed in some steam 
colours in low-class reds from Japan wood, in steam chocolates and blacks. Together with 
phosphorus this salt enters largely into the manufacture of matches, and especially “ safety ” 
matches ; it is used in the production of fireworks and detonators for exploding dynamite. Finally 
it enters into certain medicinal preparations. 

About 3500 tons ot chlorate are produced annually, the chief seats of the industry beino- in 
Lancashire, on the Tyne, and at Glasgow. The average price is about lOd. per lb. 

Chloride of Potassium. (Fb., Chtorure de Potasse; Geb., Chlorkabum.) Synonyms, muriate of 
potash, digestive salts, sal febrifugum Sylvii, Formula, KCl.— This salt closely resembles ordinary 
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chloride of sodium. It forms colourless, anhydrous crystals of a cubic form, and a saline and 
slightly bitter taste, which decrepitate when heated, fuse at a high temperatpre, and completely 
volatilize at a strong heat. Chloride of potassium is soluble in three parts of cold water, the 
solubility increasing with an increase of temperature ; thus at 1 1 • 8° it dissolves in 2 • 89 parts of 
water ; at 13-8°, in 2'87 parts ; at 15"(i°, 2‘85 parts. The following table exhibits the percentage 
of the salt in aqueous solutions of ditferent densities, and at 15° : — 


Per CfOt. 

Specific Gravity. 

Per Cent. 

Specific Gravity. 

Per Cent. 

Specific Gravity. 

1 

1-00651 

9 

1-05914 

17 

1-11465 

2 

1-01300 

10 

1-06580 

18 

1 - 12179 

3 

1-01950 

11 

1-07271 

19 

1-12894 

4 

1-02600 

12 

1-07962 

20 

1-13608 

5 

1-03250 

13 

1-08654 

21 

1-14348 

6 

1-03916 

14 

1-09345 

22 

1-150S8 

7 

1-04582 

15 

1-10036 

23 

1-15828 

8 

1-05248 

16 

1-10750 

24 

1-16568 


Chloride of potash occurs native, sometimes pure, but more usually in combination with other 
metallic chlorides, and forming double salts ; e. g. chloride of potassium and magnesium. Pure 
native chloride is called “ syhine,” and occurs in the well-known beds of Stassfurth, near Magde- 
burg; also in Vesuvius, accompanied by deposits of ^ kremersite’’ a mixture of various chlorides 
of sodium, ammonium, and iron. The chloride of potassium and magnesium is called camallite, 
and is perhaps the best known of all these potassic minerals. They have about the following 
composition : — 

Camallite. 


Chloride of potassium 24 • 27 

„ magnesium 30 ’98 

„ sodium 4-82 

„ calcium 2 '82 

Sulphate of calcium 1-05 

„ magnesium trace 

Oxide of iron O' 14 

Water 35 '92 


Chloride of potash may be obtained by burning the metal potassium in dry chlorine gas; by 
heating it in hydrochloric acid gas ; by dissolving caustic potash, or the carbonate, in aqueous 
hydrochloric acid, or by the action of potassium upon various metallic chlorides. Usually, how- 
ever, it is prepared by one of four principal methods ; — (1) from the potassic minerals of which 
mention has been already made ; (2) fiom the ashes of marine plants ; (3) from sea-water and brine- 
springs ; (4) as a bye-product in the treatment of beet-root molasses. 

(1) Chloride of Potash from Potassic Minerals.— The head-quarters of the chloride of 
potash extraction are at the Stassfurth, Lcopoldshall, and Dougleshall works in Saxony and the 
Duchy of Anhalt. A mixture of camallite and other potassic minerals is here found in exten- 
sive deposits, varying from 150 to 400 ft. in thickness, and at depths of from 400 to 800 ft. 
from surface. Shafts have been sunk upon these deposits, supplying to some thirty-five works 
upwards of 500,000 tons of the crude minerals— technically called “ potash salts,” or “ Abramn 
salts” — per annum. An analysis of these “ potash salts” is given in the following table, and may 
be compared with the analysis of pure camallite already set forth : — 


Chloride of potassium 16 '50 

„ sodium 20-83 

„ magnesium 21-99 

Sulphate of magnesium 11-21 

„ calcium 1-08 

Insoluble 1-83 

Water • 2654 


The mineral is first broken up and lixiviated with water, heated by steam to about 110°, the 
proportions being so arranged that the solution shall stand at k-ast at 5S° Tw. (32° B.). After 
settling, the clear liquor is run oif from all insoluble residue to shallow vessels, in which, upon 
cooling, crystals of chloride of potassium separate out, the double salt (camallite) only forming in 
the presence of an excess of chloride of magnesium. These crystals are removed and thoroughly 
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washed with cold water to remove all mother liquor and chloride of potaasinm. The purifying 
effect of these washings is shown by the following table by G. Krause : — 




Before 

After First 

After Second 



Washing. 

Washing. 

Washing. 


Chloride of potassium 

58-24 

62-82 

80-61 


„ sodium 

21-80 

18-42 

9-97 


„ magnesium .. 

4-75 

1-10 

-04 


Sulphate of „ 

1-46 

-70 

-66 

f 

Water 

13-75 

16-96 

8-72 



100-00 

100-00 

100-00 


Tlie water is then driven oif by drying the crystals at a gentle heat. Sometimes the crude 
camallite is dissolved in a. hot strong solution of chloride of magnesium and recrystallized. 
These crystals are then subjected to the ordinary process described. The mother liquors, and tho 
strongest of the wash waters, are evaporated to 36° B., when chloride of sodium separates out, and 
the chlorides of potassium and magnesium remain in solution. The latter being in excess, crystals 
of camallite separate out when the solution is cooled, and are treated like the fresh potash-salt. 
The weaker wash waters are used to dissolve further quantities of the raw material. Various other 
processes are carried on at the Stassfurth works, more particularly the preparation of saltpetre, by 
decomposing the chloride with nitrate of sodium. The residue that is left from the first solution 
of the potash salts contains up to 75 per cent, of chloride of sodium, and is occasionaliy used in the 
manufacture of suiphate of soda. The presence, however, of 10 or 12 per cent, of insoluble matter, 
and the absence of the usual crystalline form of chloride of sodium as used in the decomposing 
process, render it somewhat unsuitable. Its only virtue is an extremely low cost. 

The Stassfurth deposits were first worked on in the year 1861. At the present time about 
70,000 tons of chloride of potassium are produced in the district. In 1868, the Kalutz (Gallicia) 
deposit was discovered, and a chloride of potassium of very great purity is now turned out from 
the works establislied in the district. The raw material here is somewhat richer then that at 
Stassfurth, containing from 22 to 24 per cent, of chloride, without the admixture of magnesium salts* 
and often in the state of pure sylvine. The process followed is an exceedingly simple one. 
The potash salt is broken up and digested with a hot saturated solution of chloride of potassium. 
The chloride is thereby completely dissolved, the chloride of sodium and the rest of the impurities 
being deposited. The strong solution is run into shallow crystallizing vessels and allowed to cool. 
A remarkably pure chloride separates out, the crystals, after draining and drying, giving the 


following composition ; — 

Chloride of potassium .. 98 ’83 

„ sodium '82 

Insoluble '10 

Water 19 


99-94 

The mother liquors are returned to dissolve a fresh box of mineral. The Kalutz chloride is 
held in high esteem on account of its excellent quality, an absence of magnesia salts being 
especially desired. 

(2) Preparation from the Ashes of Marine Plants. — Since the year 1730, when the industry was 
first introduced into Scotland, the treatment of kelp to obtain potash salts has become of con- 
siderable importance. Before this time, it had been a recognized source of profit in France and tho 
Channel Isles, and also in Ireland, and the terms “ vraic ” and “ varec ’’have an equivalent in our 
word “ wreck,” applied to various forms of sea-weed. For a long period, the manufacture was carried 
on chiefly for the sake of obtaining carbonate of soda, reaching its greatest prosperity at the 
commencement of the present century, when there were about fifteen works in the United Kingdom, 
Scotland alone producing 20,000 tons of finished products per annum. Since that time, owing to the 
discovery of new and better sources of potash siilts, the kelp trade has dwindled into comparatively 
small compass. The British turn-out of kelp salts is now probably not more than 6000 to 
7000 tons per annum. 

Two kinds of weed are recognized : that which clings to the foot of the rocks and has to be 
detached at low sprinf tides, technically termed “ cut-weed,” and the loose plants that float upon 
the surface of the water, or are thrown upon the shore, to which the name of “ drift-weed ” is 
given. As a rnle the latter is the richer in potassium salts. 
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The different varieties of sea-weed, too, inter se,give widely differing products when burned, and 
the selection and proper admixture of the material is a matter requiring considerable care and 

experience. . . 

The burning is conducted in kilns of various forms and of rude description, built upon tne level 
ground, with sides and ends of rough stone or brickwork. Sometimes pits in the ground form the 
kilns, 3 ft. in diameter and 18 to 20 in. deep. More commonly, however, the kiln is rectangular m 
shape, built with stonework sides and ends about 12 in. high, and varying in length from 6 ft. to 
16 ft., and in width from 2 to 3 ft. The object in keeping the kiln narrow is to allow of the 
ends of the weed overlapping the sides, and so to admit the air freely throughout the mass. The 
weed is carefully arranged upon a bedding of dried heather or straw, and the whole mass set on fire. 
After burning for six or eight hours the ash begins to show signs of melting. It is then well stinred 
about to produce an equal flux, and finally allowed to harden into a rough cake, varying in thick- 
ness from 3 to 6 in., which is broken up by throwing water upon it, and removed. The operation 
is then recommenced with a fresh lot of weed. The fragments of cake are broken down somewhat 
further by hand labour, occasionally in a mill of edge stones or fluted rollers, and thrown into tanks 
arranged after the maimer of the black ash vats of the Le Blanc soda process, to which the reader 
is referred. Here the kelp is lixiviated with water at 43° (110° F.), the first and strongest liquors 
run off to the settlers, and the subsequent weaker lye run upon the second tank, now filled with 
fresh kelp. This operation is continued without intermission over a round of four tanks, the fresh 
water being always run upon the “ weakest ” tank and the second liquor, after the best has been 
removed to the settlers, being turned upon fresh kelp. The strong lye is drawn off as soon as 
a freshly filled tank is covered with it. It then stands at about 50° to 55° Tw., and is drawn 
away till it falls to 35°. It is then turned upon the next tank. Sometimes a tank is considered 
finally exhausted when the lye standing upon it registers 5° Tw., but more usually lixiviation 
is continued down to 2°. After being allowed to settle, the liquors are pumped into an evaporating 
pan and concentrated, by waste heat where practicable, up to 60° or 65°, hot. During this concen- 
tration, various impurities, sulphate of potassium, &c., separate, and are fished out, the drainings 
being allowed to run back. The purified lye is drawn off and run into settlers, where chloride of 
potassium crystallizes out. These crystals are removed and drained. The mother liquor is again 
concentrated, and the operation of crystallizing and separating impure salts repeated. In this way, 
three crops of chloride crystals are obtained, the second being usually the best. The first test up to 
90 per cent, of pure potassium chloride, the second to 98 per cent., whilst the third does not average 
82 or 83 per cent. The salts that are separated from the lyes during concentration consist of 
chloride of sodium, sulphate of sodium, sulphate of potassium, and carbonate of sodium, and 
command a somewhat slow sale to glass manufacturers and to alkali makers, the latter using 
them for the purpose of manipulating their soda ash and refined alkali so as to produce the 
strengths required by their various contracts. The use of “ kelp-salt,” as it is called, for 
“ reducing ” purposes is, however, on the wane, a readier and cheaper material being found in 
common salt. 

Kelp-salt contains, too, as a rule, appreciable quantities of insoluble matter, and the greatest 
objection to its use as a reducing agent is that it is apt to “ fleck ” the alkali, from its containing 
a certain amount of carbonaceous impurity. 

In France, the kelp is roughly ground, and the tanks are usually built of wood, of much smaller 
dimensions than those in use in this country. The chlorides of potassium and sodium are 
extracted together by running fresh water, or weak liquor, upon the unexhausted tank, concentrat- 
ing the lye and separating the chloride of sodium by fishing it from the evaporating pans in the 
manner already described. This deposit, carefully washed and drained, yields a very fair salt for 
many manufacturing and agricultural purposes. To purify it from an admixture of sulphate 
of potassium, it is sometimes washed in weak lye, in boxes fitted with false bottoms. A jet of steam 
is introduced, the mass thoroughly agitated, and, after settling, the supernatant liquor is run off, 
and the residue drained and dried. The lye from the evaporating pans, after the chloride of sodium 
is removed, is concentrated further and run iuto coolers, where the chloride of potassium 
crystallizes out in the manner already described. 

It will be readily apparent that these methods are all of them exceedingly laborious, an enormous 
mass of material having to be treated to obtain even a small result. The process of incineration 
in the open, too, is manifestly faulty, as a great loss of volatile products and heat must ensue. 
Moreover, both waste and injury result from the inevitable admixture of the ash with sand and 
dirt, and the whole process is liable to be seriously interfered with by bad weather, &o. 

Many methods have been devised with a view to remedy these defects ; those of Lamont and 
Kemp may be mentioned. Stanford’s suggestions, however, are more deserving of notice. He 
has proposed to submit the marine plants to destructive distillation in an iron retort, obtaining 
various inflammable gases, water, naphthas, and tar as volatile products of distillation, and a light 
porous charcoal left in the retort, which may be lixiviated and otherwise treated as ordinary kelp. 
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By thia method, an exceedingly pure product has been obtained. It will be noted that this process 
is analogous to that of Billet for the treatment of “ vinasses,” already described. It is claimed for 
the method that, in addition to the usual products, there are obtained, from one ton of kelp, the 
following valuable substances : — 

Volatile oil 6^ gals. 

ParaflBn oil 9 gala. 

Naphtha 3i gals. 

Sulphate of ammonia . . . . 2 cwt. 48 lb. 

Acetate of lime 37 lb. 

These figures of course represent something like an average possible addition to the results 
usually obtained. 

Another method of treating sea-weed has been devised by Schmidt, of the chemical works 
at Aalborg, in Jutland, Denmark, where the new ammonia-soda process is in operation. When 
this process is carried out completely, the ammonia is recovered, by boiling the waste liquors with 
lime or magnesia. The sea-weed, which abounds in the neighbourhood, is carefully stacked under 
cover and dried. It is then burnt in any convenient way, and a strong solution of the ash or “ cake ” 
is made. This is added to the waste liquor from the ammonia-recovery process, which contains 
chlorides of calcium and sodium. The potassium, magnesium, and sodium sulphates contained in 
the kelp are thereby decomposed, and hydrated sulphate of lime and magnesia precipitated, the 
operation being facilitated by the addition of a small quantity of chloride of barium. These 
precipitates are utilized in the manufacture of “ pearl-hardening.” The clear liquor is drawn off 
and the iodine precipitated with nitrate of lead as iodide of lead, which is separated by filtration and 
utilized for the production of iodine, &c. The liquor is then concentrated, and nitrate of soda added, 
to convert the potassium chloride into nitrate. Run into coolers, this salt crystallizes out of the 
mixture, leaving, as mother liquor, a solution of chloride of sodium, containing traces of ammonia 
and chloride of potassium, which is used again in the first process of the soda production — the 
decomposition with ammonia and carbon dioxide. It may be mentioned that, so far at least, the 
ammonia-recovery process has not been a great success, and in fact has been abandoned in the 
English works which manufacture soda by the Solvay method. 

The sulphate and chloride of potassium obtained from the kelp lye may be converted into nitrate 
by decomposition with nitrate of sodium, ^metimes, instead of fishing the chloride of sodium from 
the pans, a shallow kind of scoop is lowered into the liquor, the top just reaching to the surface of 
the lye. By the force of ebullition, the salt is projected into these scoops, which are hoisted up 
when filled, the liquor draining back into the pan through a series of holes pierced just below the 
rim of the vessel. 

The chief seats of the manufecture are, the west coasts of Scotland and Ireland; Jersey, 
Guernsey, and Sark ; and, in France, Normandy, Brittany, and La Slanche. 

(3) Chloride of Potassium from Sea or Brine-Springs. — In sea-water, the salt occurs to an 
average amount of about 0‘25 parts in 1000. The process of extraction has been an industry of 
considerable extent for many years in the South of France, and upon low-lying coasts where 
a hot sun may be depended on. The water is conducted into large shallow ponds, or “ salt- 
gardens,” and allowed to evaporate. Chloride of sodium separates out, mixed with a certain 
amount of sulphate of magnesium. The mother liquors contain considerable quantities of chloride 
of potassium, chloride of sodium, sulphate of magnesium, and chloride of magnesium. Two 
processes are adopted to obtain the products from these liquors. By the old method, they are 
allowed to concentrate to 31° B., and are then run off into shallow ponds, where, during the day, a 

second crop of chloride of potassium is deposited, and during the night a mixture of salts chiefly 

sulphate of magnesium and a double sulphate of magnesium and potassium. The mother liquors 

are once more run off into a third series of ponds, where a further crop of crystals are deposited 

chiefly a double chloride of potassium and magnesium. This is treated after the manner of the 
“ potash salts ” from Stassfurth, dissolved in water by the aid of steam at 120°, solution being 
facilitated by agitation. In place then of the double salt the chloride of magnesium remains in 
solution, and the chloride of potassium crystallizes out. From the mixed magnesium and potassium 
salts, by redissolving and recrystallizing, a double salt, KjMg''S20s . 6HO, is obtained, which is 
utilized in the production of carbonate of potassium by decomposition with chalk and small coal. 
Great loss of liquor, and injury to the salts, result from the slow process of natural evaporation and 
crystallization. A newer and better method is that of Merle, termed the “methode a vingt-huit 
degres.” The mothtr liquors, after the first separation of chloride of sodium, are evaporated to 
28° B., and then diluted with about 8 per cent, of pure water, to prevent a too rapid accumulation 
of chloride of potassium in the after processes. They are then passed through refrigerators and 
reduced in temperature to 18°, when a double decomposition takes place between the chloride of 


uoiourmg matter .. .. oj lo. 

Pure charcoal 13 cwt. 39 lb. 

Gas (approximative) . . 4456 cubic feet. 

Iodine 5 lb. 
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sodium and sulphate of magnesium. Chloride of magnesium remains in solution, and sulphate of 
sodium (Glauber’s salts) crystallizes out. Thus ; — 

MgSO, + 2mGl = MgCl^ + Na^SO,. 

The crystals are removed, and the mother liquor is evaporated to 36° B. (62° Tw.). During evapo- 
ration, the chloride of sodium, hitherto held in solution, and various other salts, separate out, 
and are removed. The liquor is then run into crystallizing cones, where the double salt of 
chloride of potassium and magnesium is deposited, and is treated as the “ potash salt,” carnallite, 
already described. 

Chloride of potassium has hitherto been extracted from the waste of brine-springs upon only 
an experimental scale. Various methods have been proposed, other than those already set forth 
in tre.iting of the manipulation of sea- water ; but as yet they are only interesting to the chemist. 

(4) Chloride of Potash from Btet-root Molasses. — The treatment of “ vinasses,” or beet-root 
molasses, to obtain carbonate of potassium has already been described. The charcoal, or schlempe- 
kohle, obtained on calcination, contains about 16 per cent, of chloride of potassium, and upon 
lixiviating the mass, concentrating the solution, and cooling, the chloride crystallizes out, and may 
be washed and dried. The salt thus obtained rarely tests beyond 75 per cent., and the production 
is carried on upon a very limited scale. 

Chloride of potassium enters largely info the manufacture of saltpetre, alum, and chlorate of 
potash. From it is made, by decomposition with sulphuric acid, the greater part of commercial 
sulphate of potash, and it is used to a considerable extent as an ingredient of artificial manures. 

Chromate of Potassium. (Fb., Chromate de Potasse ; Ger., Chromsaures Kali.') Formula, K^CrO,. 
— This salt is a source of chromium preparations. It crystallizes in yellow, six-sided pyramids, 
isomorphous with sulphate of potassium. The solution in water — 2 parts — is also yellow, with an 
alkaline reaction and a bitter saline taste. It is eflfiorescent, and exceedingly poisonous in all forms. 

Chromate of potassium is prepared direct from native chrome-iron ore by calcination with salt- 
petre, or carbonate of potassium, or caustic lime, the ore being powdered and carefully heated with 
the alkali in a reverberatory furnace ; or the bichromate may be subjected to a strong heat, and 
split up into oxide of chromium and chromate. 

Chrome-iron ore is a compound of the sesquioxide of chromium and protoxide of iron, with certain 
admixtures of alumina, magnesia, and sQiea. It is found in considerable quantities in Kussia, 
Greece, North America, and Turkey. 

Bichromate of Potassium. (Fb., Bichromate de Potasse ; <3er., Zweifach Chromsaures Kali.) Synonym, 
bichrome. Formula, K,0, 2 Cr 03 , or KjCr^O,. — ^By slow evaporation, this salt crystallizes in fine, 
red, tabular crystals, derived from an oblique rhombic prism, which are anhydrous, and melt at a 
low red heat. At an ordinary temperature, it is soluble in about 10 parts of water, the solubility 
increasing rapidly with an increase of temperature. Thus, 1 part is soluble in — 


20-14 parts of water at .. .. : 0° 

11-Sl „ „ 10 

7-65 „ 20 

3-43 „ 40 

1-98 „ „ 60 

1-37 „ „ 80 

•98 „ „ 100 


At a high temperature, it is split up into the neutral chromate, oxygen, and oxide of chromium. 

Bichrome is manufactured from the chromate by adding sulphuric acid, which unites with one 
half of the base to form sulphate of potassium. "The process is usually carried out direct from the 
chrome ore, and is as follows : — The ore is carefully ground and sieved through a very fine mesh. 
It is then mixed with potash lime, prepared from the purest obtainable limestone and a solution of 
carbonate of potassium, as free from chloride as possible. The proportions are 7 cwt. of lime to 2^ 
of carbonate. After being thoroughly mixed by any convenient apparatus, the whole mass is 
thrown into a reverberatory furnace constructed in similar fashion to a double-bedded sulpha 
of soda furnace, with a bed about 10 ft. long by 7 ft. wide, a fireplace 2 ft. 6 in. wble, and a crop of 
arch 2 ft. 6 in., narrowing down to 18 in. at the end farthest from the fire. The charge is spread 
over one of the beds and paddled carefully, under a bright flame. After about two hours, it is 
transferred to the bed nearest the fire, and a fresh charge introduced upon the back bed. Each 
charge is worked for about four hours, by which time nearly the whole of the oxide of chromium is 
completely oxi lized. It is then withdrawn, and should have a greenish-yellow appearance, with 
hard lumps dispersed tlirough the whole mass. With the chromate of potassium are now mixed 
chromate of calcium, free lime, silicate of potassium, and oxide of iron. The lumps are roughly 
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broken np, and the whole is th own into lixiviating tanks, and digested with a hot saturated 
Bolntion of sulphate of potassium. The chromate of calcium is thereby converted into chromate 
of potassium, with the formation of sulphate of lime. The tanks are arranged iu fashion somewhat 
resembling black ash vats, the liquors running from tank to tank until they are sufBciently 
strong. They are then drawn off and allowed to settle. Sulphate of lime is deposited, and 
the clear chromate of potassium run into cisterns lined with lead. Here it is treated with 
sulphuric acid, which abstracts a portion of the base, converting the chromate into bichromate. 
And inasmuch as the latter salt is not nearly as soluble in water as the chromate, a precipitation of 
the greater part of the bichrome takes place, leaving sulphate of potassium and a portion of 
» bichrome in the mother liquors. This precipitate is removed, reilissolved, and recrystiillized in 
iron cones. The mother liquors are returned to the lixiviating tanks. 

Bichrome is also occasionally made by heating the chrome ore with saltpetre in the manner 
described when treating of the chromate. 

The manufacture of biohrome is a r.ipidly increasing one ; as much as 1 1 ,000 tons per annum 
being now turned out in this country. The chief seats of the industry are in Lancashire and Glasgow. 

Bichromate is largely used in calico printing and dyeing, for the raising of chrome oranges and 
other chrome shades, the fixing of catechu, and the raising of steam blues and greens. Its chief 
virtue lies in the readiness with which it parts with oxygen. Care must be taken not to employ 
bichrome too freely, as the chromic acid seems capable of forming some new compound witti 
the oxide which fixes itself upon the cloth. If applied in too large a quantity, the cloth is liable 
to be injured by chromic acid. 

The quality of this salt may be judged of to a certain extent by its appearance. If it is in 
good crystals of a uniform red colour, without any admixture of soft yellow crystals, it is good. A 
somewhat rough test consists in dissoiving a known weight of pure metallic tin and ascertaining 
how much chromate is necessary to peroxidize it. A more accurate method is to reiluce the 
chromic acid present in the sample into a salt of sesquioxide, by alcohol and hydrochloric acid, 
precipitate by ammonia, and determine the amount of chromic acid from the weight of oxido 
of chromium obtained. A good sampie of bichrome should show 61 per cent, of chromic acid. 

Cyanide of Fotassium. (Fa., Cyanure de Potassium; Geb., Cyankalium.') Formula KCN. — This 
salt takes the form of a white, opaque solid, with crystalline fracture, or of cubic crystals. 
The crystals are deliquescent, exceedingly soluble in water, and intensely poisonous Soluble in 
ioUiry alcohol, the cyanide separates out again from the cooled solution. The aqueous prep.iration 
has an alkaline reaction, and is decomposed when boiled into ammonia and formiate of potassium. 
It is decomposed also by the feeblest acid — even by the carbonic acid of the air — exhaling an 
odour of hydrocyanic acid. It is readily fusible at a low red heat, and forms a series of double 
salts with certain metals, which are exceedingly useful iu the arts. 

Cyanide of potassium may be prepared in many ways; (1) by heating potassium in cyanogen 
gas, or vapour of hydrocyanic acid ; (2) by transmitting pure nitrogen gas through a white-hot 
tube containing a mixture of carbonate of baryta or potassium, and charcoal ; (3) by heating to 
redness nitrogenous organic matter — hom-shavings, hide-parings, &c. — with carbonate of potassium ; 
(4) by passing the vapour of hydrocyanic acid into a cold alcoholic solution of hydrate of potassium, 
and pressing and drying the deposited crystalline salt ; (5) by heating to whiteness carefully- 
dried ferrocyanide of potassium in a nearly-closed iron retort; nitrogen and other gases are evolved 
and a mixture of carbon, carbide of iron, and cyanide of potassium left ; thus : — 

K.FeCeH. = 4KCN + FeC* -f N, . 

The best process of manufacture upon a large scale, and that usually adopted, is as follows : — 
Eight parts of ferrocyanide of potassium are gently dried and mixed with three parts of dry 
carbonate of potassium of good quality. The mixture is fused at a low red heat in an iron 
or earthenware pot, the heat being kept up, and the mass well agitated, until all evolution of gas 
ceases, and a sample taken out upon an iron rod solidifies to a colourless, opaque solid. The pot is 
left to settle for a short time until all the sediment, consisting principally of finely divided 
metallic iron, is deposited, and then the clear salt is decanted off and poured into moulds to solidify. 
In this process, 2 equivalents of ferrocyanide and an equal amount of carbonate of potassium yield 
5 equivalents of cyanide, I equivalent of cyanate of potassium, 2 equivalents of iron, and 
2 equivalents of carbon dioxide. Carbonate of soda may be substituted for carbonate of potassium. 

Cyanide of potassium is extensively used for photographic purposes, also in electro-gilding and 
plating ; very occasii^ally it forms a potent reducing agent 

Ferricyanide of Potassium. (Fb., Prussiate rouge de Potasse ; Geb., Ferrideyankalium, or RothesUuU 
langensalz.') Formula, KaFeC^Nj. Synonym, red prussiate of potash. — This salt forms fine an- 
hydrous crystals belonging to the monocliuic system, of a deep-red colour. They have a specific 
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gravity of 1’8, and a strong saline taste. The following table gives the percentage composition 
of aqueous solutions of varying densities : — 


Specific Gravity. 

KsFeCelfe, 

Per Cent. 

Specific Gravity. 

Per Cent. 

Specific Gravity. 

KaFeCgNs, 

Per Cent. 

1-0051 

1 

1-0595 

11 

1-1202 

21 

1-0103 

2 

1-0653 

12 

1-1266 

22 

1-0155 

3 

1-0712 

13 

1-1331 

23 

1-0208 

4 

1-0771 

14 

1-1396 

24 

1-0261 

5 

1-0831 

15 

1-1462 

25 

1-0315 

6 

1-0891 

16 

1-1529 

26 

1-0370 

7 

1-0952 

17 

1-1596 

27 

1-0426 

8 

1-1014 

18 

1-1664 

28 

1-0482 

9 

1-1076 

19 

1-1732 

29 

1-0538 

10 

1-1139 

20 

1-1802 

[ 30 


The solubility of the salt increases rapidly with an increase of temperature. Thus 100 parts 
of water dissolve — 


At 4:'i° .. 33’0 parts of ferricyanide. 

„ lO'O .. 36' 6 „ „ 

„ 15-6 .. 40-8 „ ,, 


At 37-8 
„ 100 0 
100-4 


58-8 parts of ferricyanide. 
77-5 „ 

82-6 


The usual method of preparation is to pass chlorine gas through a solution of the ferrooyanide, 
or the same salt in a powdered state, until it no longer gives a precipitate of pmssian blue with a 
persalt of iron. 

The process is similar to that employed for the production of bicarbonate of soda, chlorine gas 
being generated in leaden vessels, or in the ordinary stone stills, by the action of hydrochloric acid’ 
upon peroxide of manganese, and passed through powdered ferrooyanide spread upon wooden 
shelves or trays in a close chamber. The ferrooyanide should be dried before use. The result of 
this first part of the operation is a deep orange-coloured powder, which is dissolved in hot water, 
and run into coolers to crystallize. Ferricyanide separates out from the chloride of potassium, 
crystallization being assisted by small rods or pieces of string. The mother liquors are evaporated 
and dissolved, and a second crop of inferior ferricyanide is obtained. Occasionally the first, 
powdered, product, without crystallization, is sold as a commercial article. 

Ferricyanide of potassium, or red prussiate, as it is more frequently called, is largely used in 
dyeing and printing operations, to produce pecubar shades of blue, and as a “ discharge ” of indigo 
colour— chiefly for the former purpose. Its discharging powers depend upon the process of rapid 
oxidation already alluded to. If a piece of ** dip " blue be soaked in red prussiate and dried, and 
then passed through a bath of caustic potash, the colour is immediately oxidized and destroyed. 
The process is, however, expensive, and certain difficulties arise in “ thickening ” the cloth. It has 
been proposed to use calcined magnesia in place of caustic potash, but the element of expense stUl 
forms a serious obstacle. 

The best rough test for red prussiate is the appearance and size of the crystals. They should 
lose no weight when dried, and dissolve readily and completely in water. 

Ferrocyanide of Potassium. (¥a., Prussiate jaune de Potasse; Ger., FerrooyanMlium). Synonym, 
yellow prussiate of potash. Formula, K^FcCeN,.— This useful salt, when pure, occurs in the form 
of large, transparent, amber-coloured crystals— K.FeCgNj -f SH^O— derived from an octahedron 
with a square base. They have a strong saline taste and are permanent in the air. At 100° the 
three equivalents of water are driven off, leaving the anhydrous salt, and this at a little over red 
heat sphts up into cyanide of potassium, carbide of iron, and various gaseous products. Heated, 
with free admission of air, the cyanide is converted into cyanate. Ferrocyanide is soluble in 
about four parts of cold, and two and a half parts of hot water. The following table gives the 
composition of the aqueous solution at different densities : — 


Specific Gravity. 

Percentage of 
Ferrocyanide. 

Specific Gravity 

1 Percentage of 

1 Ferrocyanide. 

Specific Gravity. 

Percentage of 
Ferrocyanide. 

1-0058 

1 

1-0479 

8 ! 

1 0932 

15 

1-0116 

2 

1-0542 

9 1 

1-0999 

16 

1-0175 

3 

1-0605 

10 

1-1067 

17 

1-0234 

4 

1-0669 

11 1 

1-1136 

» 18 

1-0295 

5 

1-0734 

12 

1-1205 

19 

1-0356 

6 ; 

1-0800 

13 

1-1275 

20 

1-0417 

7 ' 

1-0866 

14 
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100 parts of water dissolve of ferrocyanide, at 12'2°, 27'8 parts 

37-7°, 65-8 

„ „ 65-5°, 87-6 „ 

„ 96-3°, 90-6 „ 

The crystals become gradually decomposed in a strong light, giving off hydrocyanic acid and 
becoming very slightly alkaline. 

Crystallized ferrocyanide was first manufactured by Macquer, about one hundred years ago, by 
dissolving prussian blue in caustic potash and concentrating the solution. Prussian blue and 
allied salts had been known for fifty years before Macquer’s time. Since then endless patents 
have been taken out for its manufacture and improvement, of which may be mentioned those of 
Baume, Geutele, Naumanu, Kuhlmann, Spence, Laming, Krafft, Swindell, and Bramwell. Nearly 
all these have been abandoned or not carried at all to a successful issue. For full details, the reader 
is referred to books of scientific research and the patent records. 

The process of manufacture, as usually carried on, consists in the mutual decomposition of 
nitrogenous animal matter, an alkali, usually carbonate of potassium, and iron. The first part of 
the process is devoted to the fusion, or calcining, of the raw materials. Many forms of apparatus 
have been devised for the purpose. That set forth in Pig. 205 is perhaps the one in commonest 
use. A cast-iron vessel, shaped like an egg, 
with a narrow neck, is built into a brickwork 
furnace, resting upon the neck at the one end 
and a strong projecting knob at the other. It 
is also secured by a pair of cross-wise arms 
near the mouth, which run up into the brick- 
work. Heat is applied from underneath, only 
a small passage round the pot being left. 

The products of combustion finally pass off 
to the chimney through a hole just above 
the neck, at the end opposite to the fireplace. 

Another form of pot is cylindrical in shape, 
about 2 ft. in diameter and 2 ft. 6 in. deep. 

A series of such pots is arranged over suitable 
furnaces and through the cover of each passes 
a vertical shaft with revolving arms or blades upon it to agitate the contents of the pot and assist 
in the decomposition. In France, the apparatus employed resembles an ordinary gas retort. On 
the Continent, it is usual to carbonize the nitrogenous matter before mixing it with the potassium 
salt, for which purpose a variety of stills are used. In this way, a great part of the nuisance 
arising from the evil odours which escape when the raw materials are mixed and stirred up 
with the potash, is prevented. The animal matter is exposed to a low red heat, until the escape 
pipe from the still or retort begins to cool down. The gases which escape are ignited. The 
products of such previous distillation are about as follows : — 

Animal charcoal 75 parts 

Liquid, containing carbonate of ammonia .. .. 125 „ 

Animal oU „ 

Loss 10 „ 

the original charge being 2.50 parts. 

The process adopted in this country is somewhat rougher, no previous carbonization of the 
animal matter being effected. A charge of good commercial potassium carbonate, usually about 
80 lb., is fused in a pot of the description set forth above. A varying quantity of an ima l matter, 
dependent upon the quality and constitution, is then introduced, together with a certain amormt 
of iron clippings or borings, and the whole thoroughly stirred up, the heat beiug kept at low 
redness. It is not absolutely necessary to add the metal, as the iron of the pot will yield a 
sufBcient quantity, but it is preferable to do so. The animal matter should be carefully introduced 
in small quantities at a time, so as to effect thorough decomposition, the stirring going on the 
whole time. Something like 100 lb. of nitrogenous material wUl be required by 80 lb. of 
potassium carbonate, but the charge, of course, varies with the percentage of nitrogen, and requires 
careful judgment. Dried blood, feathers, hoofs and horns are about the best material, containing 
from 14 to 17 per ee#t. of nitrogen. Wool and hair form a very fair material, with about 12 per 
cent, of nitrogen. Leather parings are often used, but only contain about 8 per cent. An excess 
of animal matter has to be added, because an enormous loss of nitrogen is sustained by evolution 
in the free state and by the formation of ammonia. In this part of the process, the organic 
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matter is decomposed. The carbonate of potassium is reduced by the carbon to potassium, while 
another portion of carbon seizes upon the nitrogen to form cyanogen (ON) which promptly con- 
stitutes cyanide of potassium with the alkaline metal. Towards the end of the process, when a 
smell of ammonia is perceived, the pot should be tightly closed up and the fire urged away. After 
about two hours the mouth, or lid, is opened and the mixture, now of a thick pasty consistence, 
stirred up. If no tongues of flame make their appearance, the calcination is complete. The 
contents of the pot are then shovelled out and allowed to cool and harden into what is technically 
called “ metal ” or “ prussiate cake.” In place of potassium carbonate in this calcining operation, 
it has been proposed to use sulptiate of potassium with small coal, or sulphide of potassium in 
an already reduced state. Besides protecting the pot from too rapid corrosion the addition 
of a little metaUio iron greatly facilitates the process. The following are some recipes for 
charging : — 

or, 100 parts leather, 

47 „ potassium carbonate, 

3 „ iron ; 

or, 130 „ fresh mixed animal matter, 

70 „ fresh potassium carbonate, 

130 „ “ return,” or recovered, alkali, 

40 „ animal charcoal, 

12 „ iron. 

Prussiate cake of good quality will contain about 10 per cent, of cyanide of potassium, 4 per 
cent, of Bulphooyanide, 3 per cent, of cyanate, 3 per cent, of sulphate, 57 per cent, of carbonate, 22 
per cent, of silica and insoluble matter, together with traces of charcoal, lime salts, &c. 

The “ metal ” or “ prussiate cake ” is broken up when cooled into small pieces, thrown into vats, 
and lixiviated with water, or weak liquor from previous operations. Sometimes the pieces are 
digested with cold water first, and the heat is gradually r.dsed ; sometimes the water, or liquor, is run 
on at once, hot. After lixiviation, the whole is allowed to settle, and the clear supernatant liquor 
drawn off by a leaden pipe, run into an evaporating pan, concentrated about 10°, and run into 
crystallizing cones. Here a first crop of impure crystals, a mixture of prussiate and chloride 
of potassium, separates out. These are removed, drained, redissolved in hot water, concentrated 
up to 1‘27, and again crystallized. Prussiate of potash now separates in large and nearly pure 
crystals. 

To make the best crystals, the solution of the first crop should be filtered through cloth after 
concentration. The crystallizing vessels should be set in not too cold a place, or surrounded with 
mats, &c., to prevent too rapid deposit of the crystals. The mother liquors are either used to 
lixiviate fresh cake or, when not too full of impurities, are concentrated to 1 • 35 specific gravity, and 
crystallized. A somewhat impure ferrocyanide is thereby obtained which may be purified by 
recrystallization. The mother liquors, when they are too impure to yield these secondary crystals, 
are evaporated and calcined, yielding a product termed “ blue salts,” or “ return alkali.” This 
contains up to 70 per cent, of carbonate of potassium, with various other salts and insoluble 
matter, and is used in the melting and calcining operation, along with fresh salt. 

It is unnecessary to enter into details of the great variety of patents that have been from time to 
time taken out in connection with the manufacture of ferrocyanide. A great number of materials 
have been proposed as subjects of treatment — ^gas-Ume, guano, coal, &c. Two patents, or improve- 
ments of the process just described, deserve mention. The first is Berry’s, for the formation 
of cyanogen from animal matter, and is set forth in Figs. 206 to 209. He proposed to break coke 
or charcoal into pieces about the size of a walnut and to dissolve the potash salt in water or 
preferably, urine, and the iron in nitric or acetic acid. The whole of these materials are thoroughly 
mixed together until they form a thick paste, dried, and pulverized. They are then put into a 
series of iron pipes or retorts, similar to those used in the manufacture of coal gas, only placed 
vertically. The animal matter — dried blood, &c. — is placed in a separate compartment, but 
connected with the retorts mentioned. In Fig. 208, A B C D is a horizontal section of the whole 
furnace, in which are placed four elliptical pipes, about 6 ft. long and 18 in. in diameter. The 
arch given to the furnace serves to drive the heat back upon the pipes W, W, W, W. The fire-bars, 
or grates, are shown at abed. Fig. 208. 1 1, Fig. 207, is the retort, placed in a separate com- 
partment. K K' is a pipe connecting the retort with the elliptical pipes. In Fig. 206 is shown 
the pipe K K', connecting the retort with the elliptical pipes. This connecting tube enters 
(Fig. 206) at S into the pipe W, and at S' into the pipe W'". In Fig. 209, the t^e K K', with its cocks 
u and ti', is shown in detail, C being a safety valve to prevent any accident arising from a possible 
obstruction of gases in the pipes. S is the cover of the retort, L the ash-pit, a and c the door of the 


100 parts dried blood, 

30 „ potassium carbonate, 

3 „ iron scales, or borings ; 
100 „ horn, 

34 „ potassium carbonate, 

3 „ iron ; 
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fdmace. The arrows indicate the direction of the current 'of heat, which passes off from the pipes 
through j. The pipes must be thorouglily heated before any fire is introduced to the retort, then 
the decomposition of the gases may be readily accomplished. The smoke finally escapes to the 


206 . 


207 . 






-3-0 


chimney /, g being an opening to expose the retort to the direct action of the heat. In Fig. 206 are 
shown the junctions connecting the four pipes with their gas burners Z Z througli the cocks mm. 
r »•' /' r"' are covers closing the pipes with holes in them, and stoppers e e' e" e"’. In this way, 


208 . 209 . 



the current of the gases can be changed, and the otherwise necessary stirring up of the contents 
of the pipes avoided. About half through the process the cocks u m' should be closed, and «' m 
opened. The gases then pass into tlie branch K' and enter W'", then through g into W, through p 
into «, O and W, finally escaping by the burner Z. By this regulation of the cocks u m‘ and u' m 
the current can be reversed at will. It is advisable, however, to have holes in the pipes so arranged 
that the contents can be loosened if any obstruction occurs. The inflammable gases evolved by the 
decomposition show by the colour of the flame at the burners how the operation is progressing. 
When the jet becomes small and clear, with a pinkish colour, the reaction is complete. The animal 
matter is thoroughly carbonized, and the nitrogen, ammonia and other gases acting upon the mixture 
in the pipes have formed ferrocyanide of potassium of the quality known as prussiate cake, which 
is lixiviated and treated in the usual way. 

Schulz’s improved apparatus for effecting the decomposition of the materials and formation of 
ferrocyanide, without contact with the air, is shown in Figs. 210 to 213. At the upper part is 
a feeding cylinder a, of iron, fitted with a close cover 6, and supported on an iron base-plate c. 
This plate has a circular hole in it corresponding with the interior of the cylinder. Beneath is 
placed an iron frame*?, in which moves a slide e. Fig. 211. This slide also has a circular opening 
e', which may be brought under, or withdrawn from the hole in the base-plate by means of a rod 
/, worked by a rack /', a pinion /", and wheel /"'. Beneath the iron frame is a flue g, which 
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communicates, by means of a circular grate g', with a vertical retort h, placed immediately below. 
This grate g' is movable, in order that it may be cleaned when requisite. The furnace is placed 
below the flue g, from whence issue two gas-pipes f if, beyond the walls i i of the furnace. The 
retort A is a sheet-iron tubs, and it is surrounded by sand, &c., placed in the space j, to allow of 
contraction and expansion. The fireplace, at the lower part of the retort, has a cylinder of fire- 
clay k interposed between it and the sand. The retort has a second flue I, with a circular grate I', 
also furnished with two gas-pipes. This flue communicates, through the grate V, with a vertical 
cylinder m, placed immediately beneath the 
retort h, but larger in diameter. Into this 
descend the materials when cooled, and as it 
is air-tight they are preserved from the action 
of the atmosphere. The cylinder is supported 
by a rectangular box n, in which moves a 
flanged cylindrical slide o, furnished with a 
plate o', and so worked by a rod, rack, pinion 
and handwheel, p, p', p," p/", that it can open 
or close a passage into the receiver g. This 
receiver runs upon wheels g' g", and has a 
flanged top which fits tightly against the slide- 
box n. In it is a sieve of iron wire r, which 
can be removed when full and replaced when 
empty. 

The feeder is filled with small pieces of 
coke, or charcoal, mixed with dry pearl-ash 
and iron borings or nails. The cover being 
replaced, the first slide e is removed, and the 
contents of the feeder drop into the retort h. 

Here they meet with the nitrogenous gases 
which are introduced by the gas-pipes, and 
steady decomposition fakes place. After 
passing through and acting upon the alkaline 
materials, the waste gases issue through the 
lower grate and flue into any suitable exit. 

When the operation has proceeded long enough 
to saturate the volatilized potassium with 
cyanogen, the slide o is moved under the 
retort, and a portion of the produce falls into 
it. The slide is then forced forward and the contents fall info the receiver q, and an equal quantity 
of fresh material is introduced from the feeder. The process is thus continuous. 

These methods present many advantagea A considerable saving of fuel and manual labour is 
effected ; volatilization of potassium and potash com- 
pounds is prevented, thereby largely increasing the 
yield, and economizing the nitrogenous material. 

Finally, by cooling in an air-tight compartment the 
combustion of cyanogen into cyanic acid is rendered 
impossible. A modified form of Schulz’s apparatus may 
be used for distilling or carbonizing the animal matter. 

Commercial prussiate may be rendered chemically 
pure by causing the crystals to effloresce in a stove, 
fusing them at a gentle heat in a glass retort, dissolving 
the fused mass in water, adding a little acetic acid, 
then precipitating the ferro-prussiate with alcohol, and 
twice crystallizing. 

Ferrocyanide of potassium is used to a considerable 
extent in the production of the ferricyanide (“red 
prussiate ”) and cyanide. It also enters into the manu- 
facture of Berlin blue and other pigments. Its principal 
uses are, however, in dyeing and calico printing, in the 

production of various shades of blue aud to form prussiate of tin (“ tin pulp ”) for steam blues. 
It is the production of the ferrocyanide that is chiefly valuable in thes% dyeing and printing 
processes; the salt is decomposed by an acid and the iron turned into prussian blue by com- 
bination with another portion of the same salt. Tin pulp, used largely in steam blueing, is 
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made by mixing mnriate of tin and yellow prussiate together and allowing the “ pulp ” to settle 
out. The evolution of prussic acid in manipulation of all steam blues should be guarded against. 

Iodide of Potassium. Formula, KI. — Beyond some use as a drug, this substance is of slight 
importance, though exceedingly interesting in its reactions and characteristics. It is prepared 
(1) by adding iodine to a strong solution of caustic potash, free from all traces of carbonate. The 
iodine dissolves freely, the solution containing both iodide and iodate of potassium. Upon evapo- 
ration and ignition at a low red heat, the iodate is decomposed, yielding iodide and free oxygen. 
The mass is then dissolved in water, filtered, and crystallixed. (2) Iodine (2 parts), water (10 parts), 
iron filings (1 part), or scraps of zinc, are digested together in a warm place. The resulting 
iodide of iron or zinc is filtered or decanted off, and boiled. A solution of pure carbonate of potash 
is added until all effervescence ceases, and a slight precipitate makes its appearance, iodide of 
potassium and carbonate of protoxide of iron being formed. The iodide is separated by filtration 
and evaporated. Upon cooling, the iodide crystallizes out. (3) Iodide of lime or barium is 
decomposed by sulphate of potassium, yielding insoluble sulphate of baryta and iodide of potassium 
in solution. To prepare the iodide of barium, 1 part of amorphous phosphorus is added to 40 parts 
of warm water, and 20 parts of dry iodine are gradually stirred in. If the mixture be coloured, it 
is heated upon a water-bath nntU perfectly clear, and allowed to settle. The clear supernatant 
liquid is then decanted off, and neutralized with a slight excess, first, of carbonate of barium, 
and then with baryta water. Insoluble phosphate of barium forms, and is filtered otf, the filtrate 
consisting of pure iodide of barium. 

This substance usually occurs in cubic crystals, occasionally in octahedra. The crystals are 
often opaque ; they are anhydrous, melt at a low red heat, and volatilize completely at a higher 
temperature. Iodide of potassium, while not deliquescent, is very soluble in water, and in dissolv- 
ing produces a considerable fall of temperature. It dissolves in O' 735 parts of water at 12 '5°, 
O' 709 parts at 16°, O' 7 parts at 18°, and 0 5 parts at 120°. It is also soluble in alcohol ; in 5 '.t parts 
of specific gravity 0'85 at 12'5°, and in 40 parts of absolute alcohol at 13'5°. When heated, the 
alcohol dissolves a larger amount, the iodide separating again in needle-shaped crystals upon 
cooling, A saturated water solution boils at 120°. The deep-brown colour of an ordinary solution, 
owing to the presence of free iodine, is well known. 

Nitrate of Potassium. (Fa,, Nitrate de Potasse; Gsn., Salpetersaurcs Kali, or Nalisalpeter.) 
Formula, KNO,. — The knowledge of this important salt has in all probability been a theory of 
gradual growth from very ancient times. The old alchemists named it “srf nitre” to distinguish 
it from “nitrum,” the name by which soda was known before tlie term ^‘natron” was introduced. 
Geber speaks of it as “ sal petree,” this designation evidently having its origin in the fact that the 
salt was obtained by grinding and lixiviating certain rocks. “ Sal petrosum ” is mentioned in a 
Latin work of the seventh or eighth century. Agricola in his ‘De EeMetallica’ describes the 
refining of saltpetre by boiling the crude product of the washing of certain earths with quicklime 
and wood-ashes, lixiviating the liquors, concentrating, and crystallizing. 

Nitrate of potassium occurs in considerable quantities in nature, in spring and river water, in 
the juices of certain plants — the sunflower, common borage, tobacco, &c. — but more widely as a con- 
stituent of the soil, in many porous rocks, and as a product of the continual process known as 
“ nitrification.” Lemery first discovered the salt as a constituent of the juice of plants in 1717, and 
it has since then been established that many species — especially the amaranthus — contain consider- 
able proportions of it. 

The process of nitrification is even yet but imperfectly understood. The simplest explanation 
seems to be that wherever organic substances containing nitrogen are exposed to the action of air 
ammonia is formed, and when an alkali — soda, potash, or lime — is present, a nitrate of the particular 
metal is produced by slow oxidation. Any circumstance that favours putrefaction assists nitrifica- 
tion : hence a warm damp atmosphere — 15° to 20°. Hence, too, the productiveness of tropical 
climates, where decaying organic matters yield a constant supply of ammonia. The best known 
natural deposits, or “beds,” of saltpetre are those of South America, India, Persia, Spain, and 
Hungary. Here the salts, formed in the natural manner described, carried down into the soil by 
the agency of rain, dew, &c., and rising again to the surface in the form of solution, are evaporated 


by the sun and air, and spread over the surface of the ground as a dirty white efilorescence. “ Salt- 

petre earth ” of this description will test about as follows 


Nitrate of potassium 

.. 8'3 per cent. 

Carbomite of calcium . 

. 35 ' 0 per cent. 

., calcium . . 

.. 3-7 „ 

Water 

• 12-0 „ 

Sulphate of lime 

.. 0-8 „ 

Insoluble matter 

. 40'0 „ 

Chloride of sodiui* .. 

.. 0-2 „ 




Other saltpetre deposits, with a somewhat different origin, arc found in caverns and places 
where animals and birds congregate, and in the shape of excrement provide an unfailing supply 
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of organic matter. The caves of Ceylon, Kentncky, Teneriflfe, npon the coast of the Adriatic and 
on the Missouri river are well known. A remarkable instance of rock deposit is found in the cave 
of Memoora, where the nitrate occurs in veins. The rock has been analysed as follows : — 


Nitrate of potassium 
„ magnesia . . 
Sulphate of magnesia 


2 ■ 4 per cent. Carbonate of calcium . . 26 ‘ 5 per cent. 

0'7 „ Water 9'4 „ 

0 • 2 „ Residue (quartz, mica, tale) 60 • 8 „ 


Nitrate of potash is dimorphous. It crystallizes in long hexagonal prisms and in rhombohedra. 
The crystals are anhydrous. They are white and inodorous, with a strong saline taste, and are 
neither deliquescent nor hygroscopic. Below a red heat, at 339°, nitrate of potassium melts to 
a colourless liquid with a specific gravity of 2‘1. Upon cooling, the fused salt forms an opaque 
white mass, usually known as “ sal prunelte.” At a red heat, the salt is decomposed, yielding 
up oxygen, and finally nitrogen, and passing first into nitrite and then into protoxide and peroxide 
of potassium. Fused with carbon, sulphur, phosphorus, and other combustible substances, salt- 
petre defiagrates, liberating oxygen. In this way gold, silver, and even platinum undergo oxidation. 
Its use as a constituent of gunpowder and other explosives is due to this potency as an oxidizing 
agent. It is very soluble in hot, hut only slightly soluble in cold, water, as the following table 
shows; — 


Temperature. 

Kitrate Dissolved 
per 100 parts 
Water. 

Temperature. 

Nitrate Dissolved 
per 100 parts 
Water. 

o 

0 

13-32 

o 

45-10 

74-66 

5-01 

16-72 

54-72 


11-67 

22-23 

65-45 

125-42 

17-91 

29-31 

79-72 

169-27 

24-94 

38-40 

97-66 

236-45 

35-13 

54-82 

114-0 

327-4 


The proportions of nitrate contained in solutions of various densities are as follows : — 


Specific Gravity. 

Nitrate. 


Nitrate. 

I Specific Gravity. 

Nitrate. 

1-0058 

per cent. 

1 

1 1-0555 

per cent. 

9 

1-1097 

per cent. 

17 

1-0118 

2 

1-0621 

10 

1-1169 

18 

1-0178 

3 

1-0686 

11 

1-1242 

19 

1-0239 

4 

; 1-0752 

12 

1-1316 

20 

1-0299 

5 

1 1-0819 

13 

1-1390 

21 

1-0362 

6 

i 1-0889 

14 

1-1464 

22 

1-0425 

7 

1-0956 

15 

1-1538 

23 

1-0490 

8 

1-1026 

16 

1-1613 

24 


Nitrate of potash may be obtained by adding nitric acid to a solution of pure carbonate or 
hydrate of potassium in very slight excess and crystallizing from the concentrated liquor. Or by 
crystallization from a concentrated solution of chloride or carbonate of potassium with nitrate of 
sodium. Upon a large scale, two processes are followed : — (1) Saltpetre earths are lixiviated, and 
the solutions concentrated and ci-ystallized. These saltpetre earths are (a) of natural formation • 
(5) artificially prepared. (2) By mixing chloride of potassium and nitrate of sodium, thus : 

KCl + NaCOj = KNOj + NaCl. 

The nitrate crystallizes out from the conceutrated solution, chloride of sodium being left. Very 
often carbonate of potassium is substituted for the chloride in this latter process. 

The best known and esteemed crude saltpetre is of Indian manufacture. In many parts of the 
country the gathering and treatment of the saltpetre earths by “ sora wallahs ’ (sora = nitre) is a 
considerable industry. From all possible sources— natural beds, or the products of drains, stables 
walls, &c., wherever the process of nitrification has gone on -the earth is ^thered up and piled in 
wooden boxes, or “ kieves. ’ Here it is lixiviated with successive washings of water, the resultino- 
liquors being drawn off into rude earthenware or stoneware vessels, and allowed to concentrate by 
the action of the sun and air, or, after a more civilized fashion, run into iron pans, concentrated by 
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an underneath fire and drawn cS into crystallizing cones. Dnring washing, the mass is kept as open 
as possible. The liquors nsnally contain about 14 per cent, of nitrate of potassium. The “ sora 
wallah” has his regular round, visiting the same deposits year after year. The first crop of 
crystals that la obtained is exceedingly impure, containing sulphate of potassium and chlorides of 
potassium and sodium. They are dissolved in the smallest possible amount of hot water, and the 
solution is cooled and allowed to crystallize. The well-known “ Indian ” or “ Bengal ” saltpetre 
then separates out, an article of very fair purity. 

The Indian saltpetre earth is, as a rule, rich in nitrate of potassium. 'When this is not the 
case, or when the solution after lixiviation contains large quantities of the nitrates of calcium, 
magnesium, sodium, and alkaline chlorides, treatment with carbonate of potassium is adopted, in 
order to convert all the nitrates present into nitrate of potassium. By this operation, the earthy 
nitrates yield their nitric acid to the potash of the wood-ashes ; carbonates are precipitated, and 
the clear lye, now rich in nitrate of potassium, is drawn off, evaporated, and crystallized. Treat- 
ment .with wood-ashes has always to be resorted to when manipulating the rocky nitrate deposits 
from caves. 

It has been noted that “ saltpetre earth ” may be produced by artificial means — grown in fact. 
Owing its origin to the abnormal demand for saltpetre consequent upon the discovery of gun- 
powder, this industry has now become, in several countries of Europe, an important one, more 
particularly in France, Germany, Switzerland, and Sweden. In the last-named country, saltpetre 
forms one of the revenue taxes, and its preparation is therefore all but obligatory. A mass of 
earthy matter, with certain bases, lime, &c., is heaped up and exposed to the action of the air, being 
kept as open as possible by loose twigs or stones, &c. The heaps are moistened from time to time, 
all descriptions of animal matter and organic refuse being added (urine is especially rich in nitrogen), 
and a periodical turning over of the whole is carefully practised. This process usually goes on for 
about three years, long before which time a white efflorescence makes its appearance. It is usually 
arranged that certain portions of the heaps become “ripe” every year, so that the process may be 
continuous. The saltpetre earth is considered ready for lixiviation when 1000 cubic inches yield atout 
5 oz. of salt. To bring the nitrate to the surface as much as possible before removing it, the heaps 
that are considered ripe are left to themselves for some time before it is intended to lixiviate. In 
this way, the nitrate formation, undisturbed by fresh additions of liquid matter, rise and form a coat 
two or three inches thick. This is removed and treated in the same manner as the natural saltpetre 
earths already described. Sometimes the earth is massed in the form of walls, with nearly perpen- 
dicular sides, the liquid manure being poured down one side, and the saltpetre drawn by capillarity 
to the other, whence it is readily removed from time to time. By this means a certain amount of 
labour is saved, the walls beiug left almost intact, but a smaller result is obtained as the liquors 
have to be constantly reapplied. The heaps are generally formed about 6 ft. in height and 15 ft. 
in length. Upon the best “ plantations,” rude sheds are erected over them, that the amount of 
moisture may be carefully regulated. , The sides of the sheds should be open, but protected from 
the wind and weather by rough palisading, or hurdles. 

Although the treatment of artificial saltpetre earths is similar to the Indian process, the former 
is of course carried on in Europe with much more care and judgment as a rule. The most important 
point is to separate the nitrate of potash as promptly as possible from the chloride of sodium and 
other silts. For this purpose, the amount of water should be carefully regulated. In concentrating 
the lye, the different degrees of solubility of the various s.alts contained must be taken in consideration. 

In its crude state, saltpetre is unfit for the manufacture of gunpowder and nitric acid, the 
presence of the chlorides of potassium and sodium being particularly objectionable. It has there- 
fore to be subjected to a further refining process, which depends partly upon the different rates 
of solubility of the various salts at different temperatures, partly upon the mechanical action of 
animal gelatin upon the extractive matters contained, and partly upon the fact that crystals 
of saltpetre being homogeneous (that is, consisting of one salt alone), separate out without 
contamiuation from the solution containing the chlorides of potassium and sodium. The crude 
article is dissolved in boiling water, the salt being added to saturation and the heat gradually 
increased. A density of 1-5 or 1'6 should be attoined. Small quantities of dissolved glue are 
introduced into the boiling solution, which separate out the various extractive matters. These 
partly rise to the surface, and form a scum which is removed from time to time, and possibly sink 
to the bottom of the pan. Sometimes the hot solution is further diluted with water to prevent the 
depositing of crystals of saltpetre, and allow time for the insoluble matters to separate out. The 
liquors are then run off into flat copper crystallizing pans, and while cooling are kept thoroughly 
stirred up with wooden rakes to prevent the formation of large crystals, which are apt to contain 
appreciable quantities of the mother liquors in their interstices, and yield when pulverized a damp 
powder. The fine needles which are obtained, having the appearance of a white powder, are 
termed “ saltpetre four” This is fished out and thrown upon a wire-gauze strainer placed across 
the crystallizing pan, to drain, the mother liquor falling back into the pan. The saltpetre flour is 
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almost pure, the mother liquors containing the chlorides and returning them into the pan. The 
flour is then removed to the wash-pans and treated with cold water, or a saturated solution of pure 
saltpetre. The wash-pans are usually about 10 ft. long, 4 ft. wide, and 3 ft. deep, fitted with a 
false bottom upon which the flour is placed. When thoroughly washed, and freed from all adhering 
mother liquor, it is dried at a gentle heat and sifted to separate out the lumps. The mother liquors 
are evaporated, a sufficient quantity of potash salt is added to decompose the nitrates of the earths 
contained, and worked over again as crude lye from the saltpetre earths. 

A very large proportion of the commercial saltpetre which is refined in this country is made 
artificially, by the mutual decomposition of nitrate of sodium (“ chili saltpetre ”) and chloride of 
potassium. The process originated with F. C. Hills about the year 1846, and has since been im- 
proved by Anthon, Kuhlmann, and others. The reaction is exceedingly simple and direct : — 

KCl -f NaNOj = KNO3 -t- NaCl. 

Chloride of potassium usually contains about 8 per cent, of chloride of sodinm, but, as will be 
apparent from the above equation, the presence of this substance is of very slight importance, as 
one of the products is chloride of sodium. The exact composition of the materials, however, must 
be ascertained beforehand, that the proper proportions may be used. The nitrate usually contains 
from 95 to 97 per cent, of nitrate of sodium ; therefore quantities of both materials in slight excess 
of the equivalent proportions must be taken. The chloride of potassium is dissolved in water with 
the aid of steam, the solution standing at about 1‘25. The nitrate of soda is then added, and 
the whole well agitated. The heat is kept up to boiling point by an underneath fire, or coil of 
pipes ; and as the decomposition proceeds, the chloride of sodium that forms and settles is fished 
out and placed upon iron drainers ranged alongside of the pans, that the mother liquors may run 
back into the solution. Evaporation is continued until a density of about 1 ■ 7 is attained. The 
liquors are then run oflf into a series of settlers, and left for a short time. When perfectly clear, 
they are transferred to crystallizing pans, where large crystals of nitrate separate out. These 
are somewhat impure, containing varying quantities of chlorides and other salts. They are accord- 
ingly taken off, dissolved in hot water, the solution concentrated up to 1-6, and recrystallized. 
The product is now of very fair purity — about equal to East Indian “ petre and is refined by the 
process already described. The chloride of sodium left upon the drainers is removed to washing- 
pans, and digested with successive portions of hot water. The chloride being only slightly soluble, 
the saltpetre is thus entirely removed — or as nearly so as possible. The washed salt is then gently 
dried. Though not well suited for decomposition with sulphuric acid in the Le Blanc soda process 
on account of its irregular and non-crystalline form, this article is sufficiently good for all agricul- 
tural, fish-curing, and other purposes of a similar character. 

The washings from the chloride and the mother liquors are mixed together, concentrated, and 
used, so long as they are fairly pure, in the place of water for dissolving purposes. The constitu- 
tion of these liquors varies of course very much with the material used, the chloride of potassium 
especially being of uncertain character. Often a considerable amount of iodine is contained in them, 
which may be recovered. If the potassium chloride contains an appreciable amount of chloride of 
magnesium, it is cleared by adding a small quantity of soda ash’ to the solution. Sometimes crude 
carbonate of potassium is employed in place of the chloride, but the latter forms the cheaper 
material. 

The saltpetre industry is a very important one, about 35,000 tons per annum being manufac- 
tured in this country and imported from other quarters. Of this quantity about 16,000 tons are 
produced artificially. The plant, as a rule, is of comparatively rough description, although new 
and better mechanical contrivances are now superseding the old methods. One of these consists of 
a complete apparatus for dissolving and agitating the first solutions, and forcing the liquors through 
a strainer, which retains the chloride of sodium and other impurities, and allows the cleared 
hquor to pass to the crystallizers. By agitating the cooling solution, too, and thereby preventing 
the formation of large crystals, the nitrate may be obtained in a condition approaching the “ salt- 
petre flour ” of the refining process, and in a sufficiently good state for moat purposes without any 
after-purification. 

The chief use of saltpetre is in the manufacture of explosives, fully five-sixths of the total 
consumption being applied to this purpose (see Explosive Agents). Minor uses are found in the 
curing of meat and fish, and in the preparation of certain diuretic medicines. 

A detailed statement of the various methods of estimation belongs rather to scientific research 
than to a work like the present. For the guidance of manufacturers, however, it may be stated that 
the beat method is that of Abel and Bloxam, a modification of Gay-Lussac’s charcoal process. 
Twenty grains of the sample to be valued are weighed off and mixed wfth 30 grains of powdered 
resin in a platinum crucible. Eighty grains of chloride of sodium are added and the whole ignited 
gently until no more vapour comes off. After cooling a little, 25 grains of chlorate of potassium 
are added, heat is again applied, and gradually increased to redness, so as thoroughly to decom- 
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pose the chlorate and fuse the whole mixture. It is then removed, dissolved in hot water, filtered, 
and washed. A drop or two of litmus solution is added to the solution and the amount of alkali, 
the carbonate of potassium formed in presence of an excess of carbonaceous matter, determined in 
the ordinary way with a standard solution of sulphuric acid. The original amount of nitrate is then 
readily calculated. 

A rough method depends upon the observation of the temperature at which crystals are deposited 
from the solution of a sample. Forty parts of the saltpetre are dissolved in 100 parts of water at 55°, 
and the exact point when nitrate crystallizes out is noted. The determination of nitrate present is 
then read off by the following table : — 

Cbtstaluzing Points op various Solutions. 


Degrees 

Centigrade. 

Percentage of 
pure Saltpetre 
in Solution. 

Percentage of 
pure Saltpetre 
in Sample. 

1 Degrees 
j Centigrade. 

j Percentage of 
^ pure Saltpetre 
iu Solution. 

Percentage of 
pure Saltpetre 
iu Sample. 

100 

22-23 

55-7 

1 17-8 

30 '00 

75-0 

10-3 

22-53 

56-3 

' 18-1 

30-36 

75-9 

10-6 

22-80 

57-0 

18-4 

30-73 

76-8 

10-9 

23-08 

57 7 

18-7 

31-09 

77-7 

i 11-2 

23-36 

58-4 

; 19-1 

31-46 

78-6 

11-6 

23-64 

59-1 

19-4 

31-83 

79-6 

11-9 

23-92 

59-8 

19-7 

32-21 

80-5 

12-2 

24-21 

60-5 

20-0 

32-59 

81-5 

12-5 

24-51 

61-3 

20-3 

32 -97 

82-4 

12-8 

24-81 

62-0 

20-6 

33-36 

83-4 

131 

25-12 

62-8 

20-9 

33-75 

84-4 

13-4 

25-41 

63-5 

2i-2 

34-15 

85-4 

13-7 

25-71 

64-3 

21-6 

34-55 

86-4 

14-1 

26-02 

65-0 

21-9 

34-90 

87-4 

14-4 

26-32 

65-8 

22-2 

35-38 

88-4 

14'7 

26-04 

66-0 

22-5 

35-81 

89-5 

15-0 

26-96 

07-4 

22-8 

36-25 

90-6 

15-3 

27-28 

68-2 

23-1 

36-70 

91-7 

15-6 

27-61 

69-0 

23-4 

37-15 

92-9 

15-9 

27-94 

69-8 

23-7 

37-61 

94-0 

10-2 

28-27 

70-7 

24-1 

38-01 

95-2 

16-6 

28-01 

71-5 

24-4 

38-55 

96-4 

10-9 

28-95 

72-4 

24-7 

39-03 

97-6 

17-2 

29-30 

73-2 1 

25-0 

39-51 

98-8 

17-5 

29-65 

74-1 1 

25-3 

40-0 

100-0 


I' 


It is usual to apply to all methods of estimation the term “ reiraction.” Conveying an entirely 
incorrect description of the ordinary analysis, the name is founded upon an old method proposed by 
Schwartz, based upon the appearance of the surface of the fused salt when fractured. Pure nitrate 
is coarsely radiate ; when chloride of sodium is present the structure becomes less distinct, and 
with 3J per cent, of the impurity disappears altogether, except at the edges. 

Oxalates of Potassium. Formula, KjC^O,. — The neutral salt crystallizes in transparent rhombic 
prisms containing one atom of water of crystallization, which become opaque and anhydrous at 
150°. It is obtained by dissolving carbonate of potassium in oxalic acid to saturation, concen- 
trating and finally evaporating the solution. 

Potassium oxalate is used to some considerable extent in dyeing and printing, as a mild form of 
oxalic acid. It serves as a discharge, is employed in some steam colours to form oxalate of alumina, 
and occasionally as a mordant. 

The hinoxalate, KHCjO,, HjO, forms colourless rhombic prisms, of a sour taste. This substance is 
often called “ salt of sorrel," from its entering into the constitution of the plant. It also occurs in 
the Rumex and Oxalis acetosella and in garden rhubarb. It is soluble in about 40 parts of cold and 6 
parts of boiling water. Under the name of “ salts of lemon ” it is largely sold to remove ink and 
iron stains. 

The hinoxalate is produced by dissolving oxalic acid in hot water, dividing the solution in two 
parts, saturating the one half with potassium carbonate and pouring in the other. 

Silicate of Potassium. (Fb., Silicate de Potasse ; Geb., Kieselsaures Kali.) Formula, K^O, ISiOj. — 
This salt forms a peculiar, transparent glass, with a slight green tinge due to the presence of 
iron. It is slowly solnme in water, forming an alkaline liquid possessed of cleansing properties, 
and decomposable by nearly all acids with liberation of silicic acid. It is usually manufactured by 
fusing 45 parts of sand, 3 of charcoal, and 30 of potassium carbonate in an ordinary reverberatory 
furnace. The carbon dioxide of the carbonate is reduced to oxide by the charcoal and finally driven 



278 


ALKALIES. 


off. A liquid gilicate is made by heating the solid “ glass ” in powder with superheated steam 
in a close vessel. A thick fluid, specific gravity about 1 • 3, is formed, to which is often added silicate 
of soda solution. 

On account of their cleansing properties, the silicates are used for mixing with soaps. For this 
purpose the mixed silicates of sodium and potassium are, however, chiefly employed. 

Sulphate of Potassium. (Fk., Sulfate de Potasse ; G'eb., Schwefelsaures Kali.') Formula, K^SO,. 
— This salt occurs in nature in considerable quantities, in various minerals, .and in the ashes of 
both marine and land plants. In the Stassfurth and Kalntz mines it is found in combination with 
sulphate and chloride of magnesium, forming the mineral kainit. 

Sulphate of potassium forms hard, colourless, anhydrous crystals, insoluble altogether in alcohol 
and soluble in about 10 parts of water. The solubility increases slightly with an increase of 
temperature. Thus 100 parts of water dissolve : — 


At 

12-5° 

.. 10 

parts of sulphate. 

At 56-25° .. 

.. 22 parts of sulphate. 


15 

.. 10-38 

?> >» 

„ 68-75 .. 

.. 22 „ 

» 

>» 

31-25 

.. 14 

»> 

„ 87-50 .. 

.. 25 „ 

»* 


37-5 

.. 17 

>» 

„ 100 

.. 26 „ 

n 

1» 

50 

.. 25 

»> » 





The following table (Gerlach) gives the percentage of sulphate in aqueous solutions of different 
densities at 15° : — 


Per Cent. 

1 

Specific Gravity, j 

Per Cent. 

Specific Gravity. 

1 

1-00820 i 

6 

1-04947 

2 

1-01635 1 

7 

1-05790 

3 

1-02450 

8 

1-06644 

4 

1-03277 1 

9 

1-07499 

5 

1-04105 1 

! 




Sulphate of potassium has a bitter, saline taste, and is neutral to test paper. The crystals 
decrepitate when suddenly heated, owing to the presence of a small quantity of mother liquor. 

The usual method of manufacture is to decompose chloride of potassium with sulphuric acid, the 
process being almost exactly similar to the Le Blanc sulphate of soda process, to which further and 
detailed reference will be made hereafter. It may be mentioned that the decomposition of the 
potassium chloride, on account of the smallness and irregularity of the grain, requires the aid of 
mechanical contrivances even more than common salt. Large quantities of sulphate of potassium 
are also made from kelp, and as a bye-product in the treatment of beet-root molasses for carbonate of 
potash. The product of the kelp liquors is a peculiar, pasty substance which has to be dissolved in 
hot water, concentrated to about 48° Tw., and crystallized in order to get a useful article. 

Plate sulphate is a term often applied to this article. The sulphate manufactured from 
molasses and “ suint” is a much purer salt; so also is the product of the decomposition of chloride 
of potassium by sulphuric acid. The following table gives the composition of average samples : 



Sulphate from 
Chloride. 

Sulphate from 
Molasses, &c. 

Sulphate of potassium 

92-00 

93-00 

Chloride „ 

1-00 

5-00 

Sulphate of sodium 

2-00 

Chloride „ 

0-05 


Sulphate of calcium 

0-75 

trace 

„ magnesium 

0-50 

trace 

„ iron 

1-00 


Sulphuric acid 

1-50 


Insoluble 

0-50 

1*00 

Water 

0-50 

-50 


99-80 

99-50 


The. beet-root sulphate usually contains also traces of the carbonates of,.potassinm and sodium. 
It is, however, a very good article as a rule; about 2000 tons per annum are produced by this 
method upon the Continent. ■' 

Sulphate of potassium is employed in the production of carbonate by a process analogous to the 
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Le Blanc soda process, and enters into the manufacture of certain kinds of glass and alum. It is 
also used to a considerable extent as a manure. 

Bisulphate of Potassium. (Fjl, Bisulfate de Potasse ; Geb., Zweifach Schwefelsaures £ali,) For- 
mula, K.HSO4. — This salt when pure crystallizes in flattened rhombic prisms, soluble in twice 
their weight of water at 15°, and less than half that amount at 100°. The solution has a 
strong acid reaction and taste. The crystals fuse at 197°, and at about 600° lose half their 
sulphuric acid. 

Bisulphate of potassium is usually prepared by heating the neutral sulphate with sulphuric 
acid, in the proportions of about 87 parts of the salt with 49 parts of acid. It is necessary, how- 
ever, as a rule, to have the acid in excess. It is also prepared largely as a bye-product in the 
decomposition of nitre by sulphuric acid — ^iu the preparation of nitric acid, &o. It is used 
for cleansing metals, as a chemical reagent, and in calico printing and dyeing. For the latter 
purposes, it is only used for lower styles of work, as a substitute for tartaric acid. Its application 
requires care, as the fibre of the cloth is apt to be damaged by freed sulphuric acid. 

Tartrate of Potasaum. — The neutral salt is of slight importance. It crystallizes in right 
rhombic prisms, which are permanent in the air and have a strong saline taste. Tartrate of 
potassium is obtained by neutralizing cream of tartar with chalk or potassium carbonate. It 
is very soluble in water. 

The bitartrate, or acid tartrate (Fa., Tartrate adde de Poiasse ; Geb., Saures Weineaures Kali, or 
Weinstein), is a substance of very considerable importance. It is commonly known as cream of 
tartar, or, jn the crude state, argol,” and exists in the juice of the grape, tamarind, pine- 
apple, and many other fruits (see Argol). It forms small, hard, colourless, prismatic crystals of 
irregular grouping, with a strong acid taste and reaction, especially in solution. Exposed to heat in 
a close vessel it is decomposed with evolution of inflammable gas, leaving a mixture of finely 
divided charcoal and potassium carbonate. This residue has already been mentioned when speaking 
of the preparation of potassium carbonate. It is known as “ black flux.” 

To refine the crude article and produce the commercial cream of tartar, the argol is dissolved 
in hot water and crystallized, the operation being repeated imtil a pure product is obtained. 
It is usual to employ a little pipeclay and animal charcoal or albumen to remove the colouring 
matter. 

Cream of tartar and the crude tartar are both largely used in the manufacture of tartaric acid. 
The finer qualities form esteemed reagents in dyeing and printing operations, though, on the score 
of expense, their use is not as great as in former times. As a mUd substitute for tartaric acid, 
cream of tartar forms a discharge on dipped blues and turkey reds, and is used in steam colours 
for blues and greens. In conjunction with alum and the salts of tin, it is employed to some small 
extent in mordanting, but it is in all these processes a very mild agent. It acts probably in two 
ways ; (1), as a corrective of bad, hard waters, with regard both to lime and iron ; (2), as a mild 
acidifying agent, enabling the fibre, especially woollen etul&, to take the colour well. For inferior 
work, sulphuric and arsenic acids, and bisulphate of potash, have to a great extent superseded 
tartaric acid and cream of tartar, but where economy is not of the first importance, the finer sorts 
of bitartrate hold their own as a safe reagent. 

Rochelle salt is a tartrate of potassium and sodium, forming large clear prismatic crystals, with 
a mild saline taste. They effloresce slightly in the air and dissolve in 1 J parts of water. The usual 
method of preparation is to saturate a hot solution of cream of tartar with carbonate of soda and 
evaporate to a thin syrup, from which the salt crystallizes out. It enters into certain medicinal 
preparations, forming a well-known purgative, 

Soda. — ^This term is applied scientifically only to the oxides of the metal sodium, but praetically 
it covers several other sodium compounds, more particularly the hydrate and carbonates. Three 
oxides are known, the suboxide, monoxide, and dioxide. Of the suboxide little is known. The 
monoxide and dioxide are both formed when metallic sodium is heated in dry air or oxygen gas. 
The former may be prepared pme by heating sodium hydrate with sodium ; thus : — 

NaHO -b Na = Na^O + H. 

It is a greyish-coloured substance, melting at low red heat, and undergoing volatilization at a 
higher temperature. Its specific gravity is 2-80. The dioxide is pure white, turning yellow when 
heated. It is not decomposed by heat, but is very unstable in the air. It absorbs moisture and 
carbon dioxide, and becomes converted into carbonate. Neither of the oxides are of any considerable 
importance in manufacturing or industrial operations. 

Carbonate of Sodim% (Fb., Soude, Carbonate de fSoude; Geb., Soda, Kohlensaures Katron.) Formula, 
Na^COj. — This important salt exists in nature, but to no very great extent. A mineral, the sesqni- 
carbonate, is found in several localities, notably in Egypt and South America, going by the 
names of trona, or latrmi, and urao. It forms an incrustation half an inch or so in thickness, and 



280 ALKALIES. 

probably results from the evaporation of mineral waters. Egyptian soda has about the following 
composition ; — 


Sodium carbonate 60‘0 

„ sulphate 16’0 

„ chloride 15 ’0 


Water 7'0 

Insoluble .. .. 2'0 


Other varieties, with widely different constituents and properties, are found in India, Hungary, 
Mexico, &c. These soda earths are usually treated in similar fashion to the saltpetre earths, 
of which mention has been made when speaking of potash and its salts. A hard crystalline 
mineral, Gay-Zussite, is also known with the following composition : — 


Sodium carbonate 34‘5 

Calcium „ 33 ‘6 


Water 30 ‘4 

Insoluble 1'5 


Formerly soda was largely obtained from the ashes of marine plants, or plants in the 
neighbourhood of saline springs, by calcination. The product has been known as “barilla,” 
“ varec,” or “ vraiok,” “ kelp,” &c. Some saline plants, the ashes of which yield carbonate of soda 
freely, are : — 

SithrZa clwifoUut .. giving 45 • 99 per cent. I &ilsolitha!i .. giving 34 ' 00 per cent. 

Suhola soda .... „ 40‘95 „ I Salsola brachiuta ,. „ 26-26 „ 

£alimocneinum capsicum „ 36 '75 „ I 

The Scilsola soda is especially esteemed as yielding a good product, and the cultivation and treat- 
ment of this and other species is still an Important industry in Spain, France, and other countries. 
The well-kno\vn Narbonne soda is the product of the Salicomia annua, and contains 15 per cent, of 
carbonate. Many of the marine and saline plants are of course chiefly valuable for the potash salts 
and iodine which they yield. Of carbonate of soda they contain down to 2 per cent, and as high as 
40. The preparation is of the roughest character, very little in the way of purification being 
attempted. For a description of the process usually employed, the reader is referred to the article 
upon Potash — more particularly to that portion of it treating of “ Kelp-salt,” 

Many processes for the artifloial production of soda have been from time to time proposed, but 
nothing of any importance was done until about the close of the eighteenth century, when Scheele, 
Guyton, Curey, and Hodgson worked out varioiis methods for the decomposition of common salt by 
caustic lime, by lead oxide, by alum, and felspar. Of these, the oxido of lead process was worked 
for long by Losb, at Walker-upon-Tync, more especially for the sake of the pigment known as 
“ Turner’s yellow,” which was obtained. The use of snlphiuic acid was first proposed by Higgings 
in 1781, who, after decomposing the salt, reduced the sulphate of soda formed to sulphide, by fusing it 
with coal, and, decomposing the sulphide by iron or lead, formed caustic soda and sulphide of lead, &o. 
The process known as Le Blanc’s was patented in France in the year 1792, in response to an invita- 
tion from the French Government to the chemists of the day to provide a substitute for the barilla 
soda when the supply of that article was cut off by the wars with Spain. Of thirteen processes 
proposed, that of Le Blanc was selected. It consisted in the decomposition of salt by sulphuric 
acid, the conversion of the sulphate of soda formed into carbonate of soda and (roughly speaking) 
sulphate of lime, by means of carbonate of lime or chalk and coal, and the lixiviation and preparation 
of the soluble carbonate. The first establishment for carrying out the process on a large scale was 
set up in 1804, at St. Denis, by Le Blanc and his part lers, Dize and She'e, but was by no means a 
success, the proprietors eventually being forced to appeal for English aid in order to enable them to 
prosecute their enterprise. In this country the process was not adopted until the close of the 
French war, when Losh, in conjunction with Lord Dundonald, established the first works at 
Walker-upon-Tyne. The alkali trade, however, was of exceedingly small importance until the 
repeal of the salt-tax, in the year 1823, sufliciently reduced the cost of the staple raw material 
to enable the products to become of wide application in the industrial life of the world. The 
introduction of pyrites in place of the Sioilian sulphur, as a source of sulphuric acid, gave a second 
great impetus to the trade about twenty years ago. 

At the present time nearly the whole of the carbonate of soda of commerce, in various forms, is 
manufactured by Le Blanc’s process, which has undergone, for such an intricate method, remark- 
ably little modification. • 

The first part of the process consists in the manufacture of sulphate of soda, or “ salt cake,” 
from common salt and sulphuric acid, inasmuch as it is cheaper for the alkali-maker to produce his 
own material than to buy it. Some reference has already been made to this process when treating 
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of hydrochloric acid, but it will probably be found useful to give further details here. The action 
of sulphuric acid upon chloride of sodium is extremely simple ; thus : — 

2^01 + HjSO, = Na2S04 + 2HC1. 

The salt most highly esteemed for the process is that obtained from the Cheshire or Worcester- 
shire brine. It is both pure and cheap, containing about 95 per cent, of chloride, and very slight 
impurities except water — which averages about 4 per cent. The brine salt, moreover, is in fairly- 
sized and regular crystals, a formation which renders it peculiarly adapted to the decomposing process. 
Other kinds of salt liavo been often tried, notably the German rock, which can be imported at about 
2s. per ton less cost than the Cheshire article. The grinding of the rock salt, however, causes 
considerable admixture of fine material, which is apt to cake on the bottom of the pan, and 
cause it to become overheated at that particular spot, and crack. Moreover, there is always an 


2U. 



21 s 


216. 



appreciable amount of calcium sulphate in rock salt, which goes through into the sodium sulphate 
and deteriorates the qu.dity. Too much stress cannot be laid upon the importance of caring for the 
*' life ’ of a decomposing pan, as the operation of replacing a broken one is both a groat nuisance 
and a great expense. The sulphuric acid employed is ordinary “ chamber ” acid, preferably at about 
135'’ Tw., and as hot as pos^sible. Formerly it was necessary to heat and concentrate the acid in 




what was called an “ evaporating pan,” or “ concentrating pan,” but thauks to the introduction of 
Glover s towers, a sufficient supply of strong and hot acid is always available without any special 
means of preparation. 

The process of decomposition has been sufficiently set forth in the article upon hydrochloric 
acid. The salt and acid are mixed in the “ pan,” thoroughly stirred up, and boiled for about forty 
minutes. The mixture, of a pasty consistency, and composed partly of sulphate and partly of hi- 
sulphate of soda, is then pushed over into the “ drier ” or “ roaster,” and subjected to further careful 
manipulation and fumacing, whereby the whole of the soda is obtained in the form of sulphate, and 
the remaining portions of hydrochloric acid gas driven off. 

Details of apparatus in common use, and different from those already described under Hydro- 
chloric Acid, are given in Figs. 214 to 233. It may be premised that the original sulphate 
furnace was built entirely of brickwork, and consisted of only one bed. When it was found that 
no brickwork would resist the wear and tear of the process and the ravages of acid substances, a lead 
lining was introduced, and this was employed until about thirty years ago, when metal pans and 
separate furnaces were introduced. In all probability, the pan now in common use will have, in its 
turn, to give way to some such mechanical contrivance as that of Messrs. Jones and Walsh. In 
Figs. 214 to 218 are shown five different pan settings. In Fig. 214 the edge of the pan is flangeil and 
brought outside the brickwork arch, that any boiling over may be at once seen and rendered harmless. 
This method of setting originated with the alkali inspectors, who found considerable escapes of gas 
from the irruption orthe contents of the pan into the underneath flues. It is also safer for the pan ; 
but the small brick arch rendered necessary is difficult to keep in repair, and the necessity for its 
removal makes the replacing of the pan needlessly expensive and tedious. Figs. 215 and 216 show 
two methods of seating the pan in the brickwork. Figs. 217 and 218 show two forms of irun covers. 




ever, need not be enlarged upon. Fig. 219 gives the elevation of a single-bedded furnace, an old style 
of finishing apparatus, but capable of turning out thoroughly good sulphate, if the batch be not too 
large. In Figs. 220, 221, and 222, the elevation, longitudinal section, and plan of an improved 


220 . 



single-bedded arrangement are given. The pan has a furnace upon each side of it, the charge being 
pushed alternately into each. In this way, every batch of sulphate has about two hours allotted to 
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its finisMtig, and with a moderate expenditure of fuel can be “ brought down ” exceedingly fine, 
an operation that every manufacturer and intelligent consumer of sulphate knows the import- 
ance of. In Figs. 223 to 226 are shown different methods of setting a pan with two roasters. In 



Figs. 223 and 224, the rim is bedded solid in the brickwork ; in Figs. 225 and 226, it is brought into 
sight all round. 

The furnaces set forth hitherto have been all “open”; i.e., the flame acts directly upon the 


227 . 



batch, and the products of combustion go with the hydrochloric acid gas into the condenser. To 
lessen this evil, coke may be used instead of coal, but is of course more expensive. In Figs. 227 
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and 228, are given the sectional elevation and plan of the “ close ” roaster commonly used in 
Lancashire and most other centres of the trade, except the Tyne. It will be noted that here the 
heat and products of combustion pass over and under the furnace, never coming into actual contact 
with the materials. Two great evils attend this construction of furnace : — (1), the greater draught 
being in the smoke flue, there is constant liability to lose gas from leakage ; (2), the sulphate, as a 
rule, is only imperfectly fired. From the first of these evils arises not only loss of gas, but damage 



to the surrounding vegetation, &o. To obviate this tendency to leakage, the late Mr. Deacon 
proposed the plan set forth in Figs. 229 to 232. The flj-eplace is built, as will be noticed, several 
feet below the sole of the furnace, and from this difference of level there is always a heated column of 
air and gases over the fire-bars ; in fact, a chimney is interposed between the flues around the furnace 




and the fira. By this means the necessity for a great draught is avoided, the gases and products 
of combustion being actually checked while p..ssing round the furnace, and, if escapin- at all 
finding their way into the interior of the muffle. At any rate all tendenev on the par^t of the 
hydrochloric acid gas to leak into the flues is effectually prevented. A bye-fl{fe leads the products 
of combustion direct to the chimney, instead of underneath the pan, whenever required, when 
the latter is empty or too hot. The draught of the chimney should be carefully regulated by a 
small damper, but the connections should be of large size, and the final stalk should have as regular 
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a dranght aa possible. Tbia regulation of draught, so as to give sufficient power over the materials 
in the furnace, and turn out thoroughly fired sulphate, is the difficulty met with in working an 
exceedingly ingenious furnace. 

It will be noticed that the roaster is sometimes fired from the end and sometimes from the side. 
The former is the better plan of the two, as giving a more regular heat over the sole, and admitting 



of tetter manipulation. A thoroughly good arrangement is shown in Fig. 233, two small fireplaces 
being arranged at the end of the furnace. Fig. 231 gives the end plates in section, with flan<>-ed 
joint and binder “ runners.” 

232 . 



A sectional elevation of pan, roaster, and condensing apparatus is given in Fig. 235. The 
connection between the furnace and its condenser should be of course much longer than is repre- 
sented in the drawing, to allow the gases to cool before they enter the tower. 

The weight of salt constituting a batch varies very much, depending chiefly upon the size and 


233 , 



construction of the roaster. A good charge for a single-bedded furnace is 6J cwt. per hour ; when 
a large double-bedded roaster is used, the weight of salt may go to 10 or even 12 cwt. per hour. A 

234 . 


batch of the latter size is however likely to be badly decomposed and worked. The manipulation 
of the pan is one ^ the most delicate operations in an alkali works, requiring not only ^reat 
strength but judgment and long experience. The men at the furnace, on the other hand can be 
readily trained to their work. ’ 

Good sulphate should come out of the furnace red hot, and present when cool a bright canary 
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colour, with no shade of green upon it. The lumps when broken should show no centres of unde- 
composed salt. Upon an average, about 112 parts of sulphate are obtained from 100 parts of salt, 
the rate of charging being usually one batch per hour. The work is continued, of course, day and 
night, the fires only being drawn at the week’s end. The following is about the composition of an 
averao;e English salt cake : — 


Sodium sulphate 
Calcium ,, 
Magnesium „ 
Iron and alumina 


Sodium chloride .. 
Free sulphuric acid 
Insoluble matter . . 


A careful manufacturer, however, will keep the amounts of both sodium chloride and free acid 
below those set down. The best hand-made salt cake should test 97 per cent, of sulphate of soda, 
and not more than 0 • 5 per cent, of salt and the same amount of free sulphuric 
acid. The batches are usually tested every three or four hours during the day, IfffifTj rmr 

but only for free salt and acid. The sample is first tested for the acid by a 1 ..Ini — 
standard alkaline solution, and then with nitrate of silver for chloride, after adding ! | 

a little potassium chromate. 

The two most noteworthy changes that have recently been made in the manu- ||//IlltHil\\ll 
facture of sulphate of soda are the processes of Jones and Walsh, and Hargreaves. [v liPlH H I 
The former simply substitutes mechanical for hand labour, and completes the ^ ^ 

whole process of decomposing and “ drying ” in one furnace. Plans and sections 
are given in Figs. 236, 237, 238, and 239, which will readily explain themselves. U'.Jy 

A large shallow pan, formed of cast-iron plates in sections, firmly bolted together, , U- ' 

is set upon a suitable bed of brickwork or masonry. The fire passes over the pan, ^}, ] 

acting directly upon the contents, and a vertical shaft, fitted with four arms, with t 

ploughs attached, and driven by overhead gear, keeps ,/,■ : i 

' ~ fi every portion of the charge constantly stirred up. The ■ 

salt is first introduced, and then the acid run upon it, to 
— avoid possible breakage. AVhen the operation is finished, T.,-';!' 

LE =r the contents are raked out, or occasionally discharged by 

mechanical contrivance, and a fresh batch is introduced. -'fi’i..'; 

Owing to its size, a Jones pan only takes a charge about ? w-,-' 

every six hours. Five tons of salt can be worked at ' '' 

once. There are undoubtedly many advantages attend- 
ing this system. An enormous amount of work, compared 

■ S with the hand furnace, is got through, and the sulpliate 

^ is thoroughly well fired. The consumption of fuel — 

usually coke — is brought down to about cwt. per 
hour, and the attendance of only one man, in place of 
the “ pan-man ” and two “ driers ” of the older system, 
is required. But as at present arranged there are serious 
drawbacks. Chiefly the amount of drauglit with which 
it is necessary to work renders the condensation of the 
hydrochloric acid diflicult, and, owing to the effects of 
contraction and expansion of both metal and brickwork, 








the pan is difficult to keep tight and in good repair. Still, the Jones furnace is the best mecha- 
nical contrivance that has yet appeared, and probably, with some modifications, is destined to 
supersede the old hand furnaces ; unless, indeed, some such new process as the “ Hargreaves ’ 
revolutionizes the whole operation of sulphate manufacture. 
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The process of Messrs. Hargreaves and Robinson aims at no mere modification of the presen 
plan, but proposes to produce sulphate of soda by the direct action of sulphurous acid, oxygen (from 
the air), and steam, upon chloride of sodium. The idea is not altogether a new one, Longmaid 
having proposed, twenty-five years ago, to roast salt and pyrites in a reverberatory furnace, and 
obtain sulphate of sodium, oxide of iron, and chlorine, 

4FeS2 + IfiNaQ + IDO^ = 2 Fe 203 + SNa^SO, + fiCl^, 

but his process was never successfully carried out. The reaction in the Hargreaves process is a 
follows, requiring a temperature of from 370° to 480° (700° to 900 F.) 


2NaCl -b SOj O -I- H^O = Na^SO* -f 2HC1. 

236. 237. 



Two advantages are at once apparent ; — no nitrate of sodium is necessary to etfect the conversion 
of the sulphurous into sulphuric acid, and an inferior descriptmn of salt can be used. The form of 
apparatus employed is given in Figs. 240, 241, and 242. The salt is first prepared by being 
moistened with steam. It is then spread upon a suitable floor heated with underneath flues, dried, 
and broken up into small lumps, the fine being returned to the steaming-box. A better method of 
preparing these lumps has lately been introduced. It consists in spreading the steamed salt upon 


23S. 239. 



a series of iron plates set close together, and travelling upon endless chains over a flue inclined at 
an angle of 35° or so. As each plate, or flap, reaches the upper end it falls over, and the mass of 
caked salt falls upon a prepared floor, and shivers into fragments. In this way, comparatively little 
“ smalls ” is made. When prepared, the salt is charged into a series of huge iron cylinders, about 
12 ft. high and 15 ft. in diameter — see A* A’' A^, &c., in Fig. 240. In these cylinders it lies 
upon a series of movable grids or bars, as H, Fig. 241. It is usual to have eight such cylinders, 
arranged in two rows, with a space between for flues and working the charges. The cylinders are 
connected with huge iron arms or siphons D, working upon pulleys fixed in the roof, with a flue C, 
conveying the sulphurous acid, &c., from the pyrites burners, and with each other by the circu- 
lating pipes E. The sulphate when finished is withdrawn by the door B, the grids H being knocked 
away from the tripods upon which they stand. The gas leaves the cylinders by an opening in the 
bottom of the drawii^ doorway, and passes into the flue G, from whence it is withdrawn by a Roots 
blower, or other suitable exhausting apparatus. Fig. 242 shows the brickwork foundation upon 
which the cylinders stand. The fluts are covered over upon the top by a layer of ashes to keep in 
the heat, the burners being also constructed to prevent, as far as possible, loss of heat by radiation. 
The cylinders are heated, as may bo required by fireplaces at the foot of each, the products of com- 
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bustion passing up the small flues which will be noticed at the side of the cylinders. Fig. 240. These 
flues are only just of sufScient size to prevent choking. The heat is also sometimes'’admitted into 
a space some 10 in. high, left betifreen the cylinder covers and a second covering plate, passin- 
down the opposite side of the cylinder, and finally issuing to the chimney. The cylinders are so 
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arranged that each one can become in turn the first, the last, and an intermediate one The 

nearly converted into sulphate 

and pass from that through the intermediate cylinders, until they act upon the cylinder iust^filled 
with freshly prepared salt. When a cylinder is finished it is detached from the circle, 
recharged, and then becomes the last of the series. ' 

Although this process is beautifully self-acting, it requires most careful construction, and 



watching. The heat must be well got up before the gas from the burners if admitted, and never 
allowed to fall below 7o0°. The contraction and expansion of the cylinders must be carefully 
yarded against, and the whole plant erected in as faultless and solid a manner as possible^ 
Occasionally, the salt gets choked m the cylinder, and has to be entirely emptied out and worked 
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over again at a great expense, or sold as half-finished snlphate. The management of draught by 
efficient aspirating apparatus is not so difficult a matter as might at first appear, and the sulphate 
produced when the process is carefully worked, is of most excellent quality, free from iron, and 
testing 98 per cent, of sulphate. The production and condensation of hydrochloric acid is equal to, 
and as easily managed as, the product of the hand furnaces, and the amount of fuel used is only 
about 8 cwt. per ton of sulphate. Upon the score of 
plant expense, there is nothing to choose between the 
Hargreaves” and the old process, but the sulphate 
from the former process can undoubtedly be made at 
a reduced cost of 5s. per ton — 35s. against 40s. 

The process of Messrs. Cammack and Walker, a 
revolving cylinder and continuous supply of salt and 
sulphuric acid, has already been noticed. Together 
with several other new devices, such as those of 
Mease (revolving pan), and Black, and Hill, it has 
not yet been placed upon a really working footing. 

The second operation of the Le Blanc process 
consists of calcining the sulphate of sodium with 
chalk and small coal, producing the impure carbo- 
nate of soda known as “ black ash,” or “ ball 
soda.” It has already been shown what constitutes 
a good sulphate — freedom from uncombined salt 
and acid, and a good canary colour. The presence 
of reddish lumps, while showing, indeed, that the 
sulphate has been well fired, indicates also the presence of a considerable amount of free salt. 
The salt cake is then, technically, “ weak.” Two varieties of carbonate of lime are used, chalk 
and limestone. The former is the material chiefly used in the Tyne district, for the hand ball 
furnaces ; the latter in Lancashire. The best chalk comes from the neighbourhood of London, 
Northfleet, Greenhithe, &o., and costs about 2s. 6d. per ton delivered to the works as block 
chalk. “ Smalls ” cost about Is. 6d. per ton. The small cost results from the custom for small 
coasting vessels to take it in as ballast upon their return journey. Usually containing some 12 to 
15 per cent, of moisture, a portion of the chalk is dried in kilns and mixed with the fresh, damp 
material, in quantity just enough to make the whole run well in the mill. It is then crushed 
between fluted rollers, or edge stones, and is ready for the furnace. If used in lumps, or wet, the 
sulphate in the furnace is fluxed and burned before the chalk is acted upon, and the “ball” 
spoiled. Moreover, it is necessary, when lumpy chalk has to be used, to put in a considerable 
excess, which in the tanks gives rise to caustic soda. Good limestone, Buxton, Irish, or Welsh, 
as used in Lancashire and other districts, has about the following composition ; — 
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Organic matter trace 

Silica O’ 398 

Alumina O’ 135 

Ferrous carbonate 0-252 


Calcium carbonate 98 ’370 

Magnesium „ O’ 756 

Manganese „ 0’02G 

Calcium phosphate trace 


In revolving ball furnaces the use of limestone is universal. 

The selection of a good “ mixing ” coal, as it is called, is an important matter, and the quality 
must be kept as uniform as possible. It should leave when ignited as small a quantity of ash as 
possible, and must be free from slaty and siliceous matter. A bituminous gas coal mixes well. 
The ash should not exceed 5 per cent., or the sulphur 0’75 per cent. 

These three materials, in the proportion of 3 cwt. of sulphate to 3J or 3| cwt. of chalk and 
about IJ cwt. of small coal, are introduced into the ball furnace by means of a hopper, or thrown by 
hand upon the charging bed. The mixture varies with the judgment of the individual 
manufacturer or with the state and quality of the materials, but the above proportions represent the 
usual charge. The furnace is reverberatory ; elevation, section, and plan are given in Figs. 243, 244, 
and 245. The fire is placed at the end, and is about 4 ft. by 6 ft. The two bars that will be 
noticed below the grates afford leverage to the poker which is used to break up the scars or 
“ clinkers.” When these scars are removed and fall into the “ cave ” or flrehole, they must be 
cooled with water to prevent damage to the iron. It is usual to place a water-tap in the flrehole 
for the purpose. Coal is introduced through the flrehole at the end of the furnace, which is covered 
with a hanging door oW:aat iron lined with “ half thicks.” Between the fire and the first bed of the 
furnace a long narrow slit will be observed. This allows a current of cool air to pass continually 
under the bridge. One side of it is formed by what is called a “ bridge plate ” — a long cast-iron 
slab of peculiar construction, flanged at each end and bolted into the side plates of the furnace. 
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This keeps both bridge and furnace bottom in their places, and prevents any fluxed material from 
escaping from the bed of the furnace. It is usual to give the bridge plate sides about 2 in. high, 
and a lining of thin firebricks to stiengthen it. The bed of the furnace is divided into two parts : 
the “working bed,” that nearest the fire, is C in. or so lower than the “shelf” or charging bed; 
the hopper in which the charge of sulphate, coal, and chalk is contained, is built into the arch over 
the centre of the “ shelf.” Each bed is provided with a working door, closed by cast-iron covers 



lined with half thicks. Concerning the pan placed at the end of the furnace more will be said 
presently. A ball furnace requires very careful and substantial building to stand the heat (about 
1200°), the wear and tear, and contraction and expansion. The walls are about 14 in. thick, the 
arch 9 in., the sole 9 in., formed of 9-in. firebricks, of best possible quality, set on end and “ grouted 
in ” with a thin mixture of finely ground fireclay and water. Below this bed a foundation of, first. 



concrete, and then brickwork is laid, with as thin jointings as possible. Bevelled portions of brick- 
work, as shown in Fig. 245, allow the woikman to reach every comer of the beds with his paddle 
and rake. The arch goes in a nearly horizontal line over the first bed and then dips down towards 
the pan, so as to carry the heat well into the material. The connection between furnace and pan 
is foimed of a bridge and air-cour&c somewhat similar to the fire-biidge and its air-course, a large 
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flat quart, which projects some 4 in. over the edge of the pan, preventing the flames from coming 
into contact with the iron. The whole erection of furnace and pan is finnly bound up by strong 
iron binders running over upright bars set into the ground or foundation. The outside of the 
furnace is usually eased with plates of cast iron, as shown in Fig. 243, but in Lancashire it is ' 
customary simply to pass strips of metal behind the binders, as shown in Fig. 220, when describing 
a close or blind roaster. The bricks used in building a ball furnace, and especially in the beds, 
must be as free as possible from silica— to prevent the formation of silicate of soda, and hard burnt. 
The fireclay must be as well ground as possible so that all joints may be ke^ fine. The charging 
by hopper is a great improvement over the old custom of throwing the materials down in front of 
the charging door and shovelling them in by hand. Not only is a considerable saving of labour 
effected, but less cool air is admitted into the furnace. The best plan is to arrange the furnaces 
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so that one tramway, as direct as possible, may run overhead above the back beds and deliver its 
hourly charge into each hopper. By the old method, besides a “ ball furnaceman,” or man to work 
and draw the furnace, a “ mixer ” is required, whose business it is to fetch the charge of sulphate, 
chalk, and coal from the various depots, throw the materials upon the shelf, and spread them to the 
flames. Adopting the hopper and tramway system, and arranging the depots in contiguity to one 
another, half a dozen furnaces can be served by one boy. A fresh charge is always kept in the 
hopper to lute it, the simple withdrawing of a slide causing the materials to fall down upon the 
shelf of the furnace. 

It has been said that the wear and tear of a ball furnace is very great. The working bed 
requires renewal about every three months, the arch immediately over the Are lasts about the same 
time, while the whole furnace, except plates and foundation, requires reconstruction about once in 
every three years. With inferior workmanship in the construction, or inferior materials, the 
life of a furnace is even shorter than three years, and the renewals from time to time of the several 
portions mentioned, very frequent indeed. 

The placing of a pan at the end of the ball furnace, as set forth in the drawings, is simply a 
matter of convenience and economy, to utilize the waste heat of the furnace in concentrating the 
black ash liquors. The pan is usually of the description shown in Figs. 213, 241, and 215, 
a large rectangular vessel buUt of sheet-iron plates, three-eighths of an inch thick and thoroughly 
riveted together. The size varies from 18 to 24 ft. in lengtli, from 2 ft. to 2 ft. 6 in. in depth, and 
is of the same width as the furnace. It is best to have it a little deeper at the fire end than at the 
damper. Round the top runs a strong angle iron which carries a 4i in. (occasionally 9 in.) arch 
thrown across and joined to the sloping arcl^of the ball furnace. This arch also slopes down 
towards the far end of the pan to bring the heat well upon the liquors. Some manufacturers 
take the arch along almost level, and close down upon the angle iron, a custom that tends to yield 
burned salts. The arch and pan are bound together by square 2 in. iron binders, placed along 
the sides at intervals, and a series of cross rods, above and beneath, gripping the upright binders. 
The products of combustion, after passing over the surface of the liquor, finally pass to the 
chimney down the flue shown at the end of the pan, the draught being regulated by a hanging 
damper. In the front are constructed two or three doorways, depending upon the length of the 
pan, with projecting necks, closed by strong cast-iron slabs, which screw up against an angle iron 
rim running round the jambs of the doorways, and are further made tight by a bedding of clay. 
Through these doors the “black salts” are raked out into the “drainer,’ so placed in front of 
the pan, and- at a lower level, that the projecting necks overlap by a few inches. The drainer 
is built of sheet iron in a manner similar to the pan, and is about 1 8 to 20 ft. long, 3 ft. wide, 
2 ft, 3 in. deep at the end nearest the ball furnace, and 3 ft. at the other end. This sloping bottom 
allows the drainings from the salts to collect at the lower end, where a well, shown in Figs. 213 
and 215, receives them. In this well, a pump is fixed whereby they are returned from time to time 
into the boiling-down pan. To assist the draining operation, a false bottom, perforated with a great 
number of holes, lies upon an angle iron running along the sides and ends of the drainer, about 
6 in. from the bottom at the shallowest end, and level throughout. The pan is built upon pillars, 
as shown in the engravings, that all leakage may be readily apparent. The precise working will 
be detailed when treating of the lixiviation of the balls. After traversing the pan the waste heat 
from the furnace may be still further utilized by placing over the flue iron tanks of any suitable 
description, in which the liquor from the vats may be kept at the requisite temperature while 
settling. 

The balling operations are as follows : — The required quantities of chalk, sulphate, and small 
coal are weighed off and introduced into the furnace — upon the back bed — ^by some such means as 
has been described. The workman with his “ slice ” then spreads the charge over the bed so as to 
thoroughly expose every portion to the action of the flames, and shuts down the door. After a 
short time the charge — already called a “ ball ’’ — is raked up, half of it transferred to the bed 
nearest the fire, and the other half again “ spread.” This splitting of the ball is not a universal 
method of working, but is upon the whole preferable. Again the doors are closed and the split ball 
exposed to the fluxing heat for about ten minutes. The second half is now transferred to the 
working bed, and the really hard labour of the ball furuaceman begins, hardly ceasing until his 
ball is drawn. As the materials begin to soften and flux — the sulphate first — every portion must 
be continually turned over so as to get an even fusion, and prevent any portion being burned. This 
is done with the paddle, and requires great experience, strength, and judgment on the part of the 
workman, as his materials are constantly varying, and, technically speaking, will “ stand more fire ” 
and need more fining down at one time than another. As soon as the fused mass begins to "et 

stiffer, and the jets of flame, or “ candles” begin to die down, the ball furnaceman takes Ids rake 

the heavy cast-iron head about 10 in. by 7 in. — and after thoroughly mixing up every portion of the 
ball, draws it out as rapidly as possible into a wrought-iron barrow, or “ b.)gie,” placed under the 
furnace door, and just overlapped by the door-plate. All this finishing and drawing must be timed 
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to a nicety, and ealls^to practice all the skill of the workman. If the ball be drawn a shade too 
soon, it is “ green,’* and certain to contain nndecomposed sulphate ; if left for a moment too long 
exposed to the heat it is burned, and solidifies into a close hard mass, difficult to break up and lixiviate. 
A badly judged mixture is at once apparent at the finishing of the ball. If too little coal has been 
used, the whole mass remains soft ; if too little chalk, it becomes thoroughly stiff and is difficult to 
draw. It takes about forty minutes to dry, work, and draw a ball. A fresh charge is introduced 
upon the shelf a few minutes after transferring the second half of the previous ball to the working 
bed, and, after drawing, this part of the furnace is left empty for ten minutes or so, to get up a 
thorough heat again, almost a white heat being required to flux rapidly. After the ball has been 
raked out into the bogie, it is left for a short time to cool and solidify, the “ candles ” or “ pipes ” 
rapidly dying out, and the mass assuming a creamy brown appearance ; it is then wheeled away 
and tipped up in convenient contiguity to the lixiviating tanks. 

The amount of work got out of a ball furnace varies with all different circumstances and 
mixtures, but as a rule, a workman can draw nine balls in an eight hours’ shift, well worked and 
fired, and weighing about 4 cwt. 3 qrs. each. 

The exact nature of the changes wrought in the ball furnace is stiU but imperfectly understood. 
For a full description of all the chemical theories which have been from time to time advanced, the 
reader is referred to the many papers that have been published upon the subject. The simplest 
view is, that first the sulphate of sodium is reduced to sulphide by the action of the coal, and that 
then a mutual decomposition takes place between this substance and the calcium carbonate, sodium 
carbonate, carbon dioxide, and a mixture of calcium sulphide and oxide being produced. The 
analysis of black ash is not only very intricate, on account of the number of constituents, but is also 
exceedingly uncerfciin, from the variety of the materials used and the circumstances attending 
sampling and testing operations. The following, however, may be taken to represent the composi- 
tion of a good and well-worked ball ; — 


Sodium sulphate .. 

. .. 100 

Lime 

.. 0-35 

„ chloride .. 

, .. 1-50 

Magnesia 

.. 0-50 

„ carbonate .. 

. .. 39 00 

Iron water and alumina 

.. 6-00 

„ silicate 

. . trace 

Silica 

.. 1-70 

„ aluminate .. 

.. .. trace 

Sand 

.. 2-00 

„ cyanides . . 

. .. 0-5 

Carbon 

.. 4-00 

Calcium carbonate ,. 

„ oxysulphide 

. .. 4-00 
. .. 35 00 

Other lime compounds . . 

.. 3-00 


98-70 


In the year 1853, the first “ revolving,” or mechanical, ball furnace was patented by Elliott and 
Bussell. This apparatus is designed to do away altogether with the necessity for hand labour in 
the balling operation. Many difficulties have had to be overcome, but at length, thanks to the 
improvements of Messrs. Stevenson and Williamson, and James Mactear, and to more perfect 
mechanical contrivances, the ‘‘ revolvers ” bid fair, in large works at least, to supersede the old hand 
furnaces. The annexed drawings, Figs. 246, 247, and 248, show the complete apparatus as designed 
and constructed by Messrs. Bobert Daglish and Co., of St. Helens. Heat is supplied by Siemens’ 
patent gas arrangement in the plan set forth. The more usual custom is to employ the ordinary 
coal fire. Gas is being daily more and more applied to various purposes in the alkali manufacture, 
but its introduction is comparatively slow, owing to an expensive plant being required and the 
influences of deeply rooted prejudices. The saving of fuel effected is not very considerable, but for 
all pm-poses where an exact regulation of heat is an important point, the superiority of gas cannot 
be denied. Fig. 246 gives the side elevation of the revolver and boiling-down pan ; Fig. 248, the 
end elevation ; and Fig. 247, a plan of the whole. A A is the gas flue from the generator; B B the 
inlet for regulating the supply ; C C the combustion chamber ; D D inlet for heated air ; EE a 
ring to allow of the contraction and expansion of the cylinder ; F F the revolving cylinder itself, 
built of boiler plate, half an inch in thickness, lined with firebricks and blocks. The shell is about 
15 ft. in length and 10 ft. in diameter, put together in the most careful and substantial manner 
possible, strengthened by two strong cast-iron rings riveted firmly to it, and hooped with solid cast- 
steeltyres shrunk hot upon the rings and securely bolted. G is the charging door when at the top and 
the discharging door when the position of the cylinder is reversed. HH are the friction rings 
working upon the steel-tyred friction rollers II. J J are the bearers resting upon strong iron plates, 
K K. L L are waggons for receiving the ball when discharged, running upon a small tramway. 
MM a high pressure upright engine for driving the cylinder and working the tramway, the speed 
being capable of the most delicate regulation by suitable gearing. N N * a fine for supplying 
heated air to the combustion chamber. This air is introduced through the upright cast-iron 
heater O O, and warmed by the waste heat from the furnace. P P is the boiling-down pan ; B E the 
drainer, and Q Q a tank for settling the black ash liquors and supplying them to the pan. This 
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tank forms of course no integral part of the arrangement; its position is merely a matter of 
convenience and economy. When direct firing is adopted, the neck of the cylinder is formed with 
a loose iron rim lined with firebricks. Through the space on either side of this rim a constant 
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place, too, of the heater O O is built a dost chamber between the fnrjiace and boiling-down pan, to 
collect the waste from the fire, and prevent the sulphate, &c., from the charge, being dra\ra over 
into the black salt. It will be noticed, by referring to Fig. 216, that the interior of the cylinder is 
barrel-shaped, to assist in tlie concentration of the charge. This form is given by the brickwork 
lining. Tlie entire cost of a first-class revolver, with pan, engine and over-head tramway 
complete, is about 2000/. 

The adoption of the over-head charging system, which has been described when spe akin g of 
hand furnaces, is of course imperative in the case of revolvers. This part of the operation differs 
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mateiially from the mixing process already set forth. -A usual charge for an ordinarily sized 
revolver consists of 30 owt. of sulphate, 33 to 35 cwt. of chalk — or 27 cwt. of good limestone, and 
17 to 19 cwt. of small coal. What is termed the “ liming” process is stiU followed by many manu- 
facturers. The chalk and two-thiids of the mixing coal are first tipped into the revolver. A 
slow motion is given to the cylinder, and after about three-quarters of an hour, a blue flame appearing 
at the pan end of the furnace denotes that a portion of the lime is causticized. The revolver is then 
' brought with its charging hole under the hopper, or waggon, and the sulphate and remainder of the 
coal tipped in. While this is being done the pan damper is nearly closed, so as to prevent a rapid 
draught carrying the finely divided sulphate and coal away. For about twenty minutes the cylinder 
is turned with a slow motion until the workman judges that the sulphate is melted. A quicker 
motion, of about two revolutions per minute, is then given, and continued for half an hour or so, 
until the workman judges, from tlie appearance of the blight flame, the state of consistency of the 
charge, and the before-mentioned “ pipes,” that the decomposition is complete. The bogies have 
been in the meantime drawn up underneath the cylinder. A rapid motion is given for a few minutes, 
so as to collect the fused ball well down to the centre of the cylinder side, and as the speed is 
slackened the door is unhooked, and the charge falls out into the waggons. As each one fills, it 
is dragged forward, an empty one immediately taking its place. So rapidly is this discharging now 
accomplished, that eight or nine bogies are filled before the slowly revolving cylinder carries the 
di.icharging hole upwards. One revolution then suffices to collect the remaining portioirs of ball 
and discharge them into a couple of empty bogies. 

James Mactear, of Glasgow, to whom great credit is due for bringing the revolvers to their 
present perfection, has adopted a method of charging which obviates the necessity for this tedious 
“ liming ” operation. It should be premised that the greatest difficulty met with in the mechanical 
process has been the fact 'that the balls produced were so close and hard that no amount of 
steaming in the tanks could properly lixiviate them. By adding an excess of lime, and causticizing 
it, it was supposed that the balls would burst in the tanks and fall easily, and a very fair success 
has attended the operation. Mactear, however, has established the fact that little more than 
an equivalent quantity of limestone need be added at first, and that the whole charge may he 
tipped in at once. After decomposing the sulphate thoroughly, the cylinder meanwhile revolving 
slowly, a small quantity of caustic lime in lumps is dropped in. The cylinder is then made to 
revolve rapidly, the whole charge mixed up, and drawn without loss of time. Besides keeping the 
ball open, this addition of the caustic lime cools the cylinder to some extent, and prevents any 
burning of the ball while the last stages are being gone through. The addition of a small 
quantity of cinders, or coal, along with the lime tends to keep the ball^till more porous and 
readily lixiviated. This simplification of the original process has done away with several of the 
evils attending mechanical balling. The output of the furnace is greatly increased, by shortening 
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the time required to work oflF a ball ; the quautity of alkali waste is reduced, and a proportional 
saving of lime and fuel effected. 

The size of revolvers, and, consequently, their output, is being constantly increased. Mactcar 
states that his last erected furnace is capable of decomposing 380 tons of sulphate per week. 
The ordinary revolver, however, with the usual method of working will not decompose above 
150 tons per week. In this enormous capability lies one of the evils of the system. A small 
works, manufacturing only its 150 tons of sulphate per week, cannot afford to come to an absolute 
standstill, while repairs are being made in its one revolver. And the old evil of close hard balls 
is still not altogether cured. It requires a higher temperature to dissolve a revolver ball than one 
made in a hand furnace. The question of temperature of tank water will come up again when 
treating of the lixiviation of the balls. 

Until a few years ago the length of time required for discharging presented an almost 
insuperable difficulty, the first portions of the ball being “green,” while the last were burned. 
With better mechanical contrivances and more thorough experience in regulating the speed of the 
cylinder this evil has been practically done away with. 

Lixiviation of the Black Ash. — The next process is to extract the sodium compounds ftom the 
black ash by dissolving the halls in warm water. It will be noticed by referring to the analysis 
given that about one half of a ball is soluble, and the remainder insoluble — the latter consisting of 
Various impurities, but chiefly a mixture of various sulphides, sulphites, and oxide of lime. For 
the purpose of lixiviation, the balls are broken into pieces, and thrown into the series of tanks, 
shown in Figs. 249, 250, and 251. Water at about 35° (lOO'^ F.) to 43° (110° F.), and the second 


249 . 



liquors, are then run upon them, the soluble compounds drawn ofi’ to the settlers, and the insoluble 
residue thrown out. During the process of breaking up, the quality of the balls may be judged by 
an experienced eye almost as correctly as by complete analysis, and the careful attention of the 
manufacturer should be specially and unremittingly devoted to this point of review. The interior 
of a ball should present a clear, steel grey appearance, well honeycombed. It should break readily 
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with a sharp ring, preferably splitting right doivn the centre. The outer crust should not be loose 
or too well defined, and lumps of undecoinposed sulphate should be conspicuous by their absence 
A pmkish shade shows a green ball, h dull red a burned one. Irregularity of appearance with 
white lumps and darl% patches, shows want of work, a general soft “ mushy ” character an ill 
judged mixture, or too long exposure to the air. The exact amount of harm a ball receives by lying 
too long before lixiviation is a matter of doubt. If pot into the tanks too hot, the temperature of 
the water is raised too high, if left upon the ground more than forty-eight hours or so, a certain 
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amoirnt of decomposition, with oxidation of the lime compounds, takes place. As a general role, 
twelve hours may be taken as the best time for a ball to lie before being tanked. . ii. r 
A description of the older apparatus for lixiviating black ash is only interesting to the alk^i 
antiquarian. The ingenious method at present adopted was originally the inventon o a 
of St. Helens, and leaves little to be desired. It depends upon the different specific gravities ot 
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the water and liquor. The tanka vary in size with the experience and judgment of different 
manufacturers. Good dimensions may be taken to be 10 ft. long by 8 ft. wide and 7 ft. deep. 
They are usually arranged in sets of four — four tanks of the size named being suflicient for three 
hand ball furnaces, or a decomposition of 60 tons of sulphate per week — and are formed by placing 
partitions in one long tank. The sides, ends, and bottom are formed of |-inch iron plates well 
riveted together with angle-irons at all the corners. The bottom is sometimes flat, sometimes 
assumes for each tank the shape shown in the drawings, sloping down to a drainer, or “ well,” 
which runs along the centre of the tank. In either ease a lining of bricks, on edge, is given 
to the bottom, leaving a cross drainer, as shown in Fig. 249. Over both longitudinal and cross 
drains are laid loose sheets of iron, well perforated. In each drainer, reaching just below the false 
bottoms, are fixed two “jugs,” one of which communicates with the next tank and the other with a 
spout running along the whole range of pipes, which conveys the strong liquor to the settlers. 
These jugs consist of metal pipes, 3 inches bore in the lower part, widening to 4 inches in the 
upper part — shaped in fact like a pump. By means of a plug and seat arranged just below the 
outlet pipe, or “ nose,” communication with the neighbouring tank or settlers can be made or out 
off at will. The outlet pipes of the jugs along the front of the tanks— those by which the strong 
liquor runs to the settlers— are placed slightly below the level of the communications between the 
tanks. By a pipe running back from the fourth to the first tank the whole operation is made con- 
tinuous, each one becoming in turn the “strong” tank, an intermediary, and the “weak,” or 
exhausted tank. Water is supplied to the surface of the tanks by any convenient apparatus, and is 
heated, before it touches the liquor, or balls, by waste or other steam. Some manufacturers put the 
steam direct into the tank, a method causing loss through the temperature of the tank at that 
particular spot being raised too high, and the sulphides dissolved. Finally, in the drainer of each 
tank is fixed a pipe and cock to carry off the waste liquors. 

The plan of working is as follows : — The tanks are filled with lumps of ball — not too large — to 
within about a foot of the top, a layer of dry ashes being placed upon the bottoms. Water heated 
to about 100° F. is then run on, which, percolating through the mass of black ash, rises up the 
jugs, and that one which communicates with the settlers being open, finds its way out in the shape 
of strong soda liquor. At first this liquor will test about 50° Tw., but the strength speedily 
advances to 55° or even 60°, and then rapidly falls down to 40°. The plug is then placed in its 
seat, and the tank left to itself for awhile. After a quarter of an hour or so the plug is withdrawn 
and a second “ running ” of liquor taken off, now testing up to 48° or so. Each tank should bear a 
third tapping, the liquor never being allowed to go to the settlers below 38°. This outlet pipe is 
then closed, and the communication between the first and second tanks opened. The liquor from 
the first tank flows over, percolates through the balls with which the tank is filled, and is drawn off 
to the settlers in the manner described. In the meantime a steady flow of water upon the balls in 
the first tank is kept up. This operation is repeated with all four tanks. By the time the last is 
reached, a sample of the liquor drawn from the jug of the first tank will be found to test not more 
than 1° or 2° Tw., showing that all the soda is, practically, dissolved out. The water is then 
turned upon the second tank, the first being shut off. The spent liquors are drawn off through the 
pipe at the bottom and run away, leaving a mass of insoluble residue — tank waste — about half 
filling the tank. This is shovelled out, the drainer cleaned, a fresh Itl/er of ashes sprinkled 
over the bottom, and the tank is ready to receive a supply of broken ball and the liquor to be 
dissolved by the returned liquors from the fourth tank. Sometimes the weak tank is “ run down,” 
as it is called, to 0° Tw., but between 2° and 0°, the sulphides dissolve more rapidly than the 
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carbonate of soda aiid spoil the Uqnor. Fig. 249 gives a plan of the tanks, showing the bottom 
drains and false bottoms ; Fig. 250, elevation and sectional elevation through the line A, B, Fig. 249 ; 
Fig. 251 , a section through the line C D. The last drawing shows a set of tanks as at work. 
No. 1 tank is just filled with ball, and is receiving the liquor running round from No. 4. No. 2 is 
empty. No. 3 spent, No. 4 about half through its work. 

The working of the tanks is an operation requiring considerable care and judgment, much of 
the success of the after processes depending upon the securing of good liquor. The most important 
points are, to keep the temperature as low as possible ; to take ofif the strong liquor speedily, that 
it may be kept from contamination, and not to allow the strength of the liquor running to the 
settlers to fall below 38° Tw. With regard to the first point, the water should not be run upon the 
tanks hotter than 32° (90° F.) in summer, and 42° (110° F.) in winter. The temperature of the 
mass in the tanks has always a tendency to rise owing to the hydration of the lime and other 
chemical reactions going on. If the liquors show any greater heat than 65° (150° F.), it is safe to 
conclude that the water has been run on too hot. Both strong and weak liquors, and tank waste 
should be tested daily — at least once on each shift. The waste should present no lumps of 
undissolved ball, and should be of a dirty green colour. It should be tested at any rate for soda, 
and from time to time should be subjected to complete analysis. The amount of soluble soda 
should not exceed O’ 15 per cent. A fresh sample will give about the following composition : — 


Per cent. 


Calcium sulphide 37 ’0 ; 

„ hydrate 9’0 j 

„ carbonate 16' 0 j 

,, sulphate 6’0 I 

Sodium sulphide 0 • 5 I 


Per cent. 

Sodium carbonate 0 ■ 25 

Iron, alumina, and magnesia .. ,. 7’0 

Carbon.. .. G’O 

Silica, &c 5'0 


It is of the greatest importance to keep both sulphide and carbonate of sodium as low as possible. 
A good manufacturer will not allow even as much of these salts as set down in the above analysis, 
O’ 25 total soda being the point to be aimed at. 

The liquor that is drawn off to the settlers should be of a yellowish brown colour and perfectly 
clear. It should be tested two or three times daily for sulphide of sodium, to make sure that the 
tanks are not being overheateil or the liquor allowed to stand too long before being drawn off. The 
amount shown should never exceed O’ 75 per cent., though where the weak liquors are pumped 
back upon the tanks, and used over and over again in place of water — a piece of poor economy — as 
much sulphide as 2 per cent, will be often registered. As this is simply converted into sulphate 


in the after processes, it is sheer loss of soda. 

An average tank liquor, not the best, will show 

about the following composition : — 

69-0 




15*0 

„ ferrocyanide 



I’O 

y, silicate 

.. .. 0-5 


2*0 

„ aluminate »• 

.. .. 0’5 


7*0 

Iron and alumina 

.. .. 0’5 




.. O-fk 

Many processes have been proposed to purify the tank liquors from cyanides, &c,, and carbonate 


or peroxidize the sodium compounds. The method proposed by Gossage is perhaps the most 
extensively adopted. An iron tower, usually a large pipe, is loosely packed with coke, and the 
tank liquor run down. During its passage it is met with a stream of air, or impure carbon dioxide 
from a lime-kiln, or the waste gases from some furnace containing large quantities of both oxygen 
and carbon dioxide. The caustic soda is thereby converted into carbonate, the sulphide oxidized, 
and the aluminates decomposed with precipitation of alumina. Another process is to pass a steam 
blast into the liquor, under a perforated false bottom which ensures the division of the steam and 
its action upon every portion of the liquors. Dpon the whole these processes do not repay for the 
trouble and expense incurred in adopting them, the best plan being to get as good liquor as possible, 
and then use it without further manipulation. The cyanogen compounds of the liquor have 
attracted a good deal of attention, but no practical result has ever been attained in the way of 
getting rid of them. Stevenson has proposed to heat the liquors under pressure to 150°. 
Probably the best plau is to use a mixing coal containing the least possible amount of nitrogen. 
The smell of ammonia which proceeds from well-worked balls when cooling, is the result of decom- 
position of certain of the cyanogen compounds. 

The weak liquor.^tanding about 1° Tw., is, as has been stated, sometimes used over again in the 
place of water, but is usually run to waste. It contains very small proportions of sodium carbonate, 
hydrate, sulphide, hyposulphite, sulphate, chloride, silicate, and aluminate. 

Various methods for_ utilizing the tank waste will be detailed hereafter. Usually it is removed 
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as soon as thrown out of the tanlis, and either carried out to sea or deposited upon waste land. 
Some use is made of it in building walla and laying foundations, the sulphate of calcium, or 
gypsum, which is formed by the action of the air causing it to set very hard. If allowed to remain 
in heaps, as loosely thrown out of the tanks, the mass speedily becomes hot, even red hot. The 
oxygen of the air, and the moisture present, cause the formation of soluble calcium hydrosulphide, 
bisulphide, and hyposulphite, &c., and the presence of carbon dioxide causes an evolution of sul- 
phuretted hydrogen, which is most offensive and injurious. Much of this evil can be prevented by 
spreading the waste over the ground, or budding it promptly into whatever shape may be required, 
keeping out aU ashes or substances that would tend to porosity, and beating it down carefully with 
shovels so as to keep out the air as much as possible. The most abiding mischief is caused by the 
drainage from all *■ tank heaps.” The sulphide becomes soluble, and is washed out by rain, &c., 
forming a yellow liquid, which gives off a well-known nauseous odour. The yellow coating that 
appears upon the surface of a heap of tank after exposure to the air consists mostly of free sulphur 
from the oxidation of iron sulphide. 

The next operation is the boiling down of the soda liquors from the tanks. When they are 
drawn olf from the balls, the liquors are run into a aeries of settlers, slightly warmed by waste heat, 
or a coil of steam piping, to prevent any deposit of crystals. Here any insoluble matter, mechani- 
cally carried over, subsides, the following being about the composition of the residue ; — 

Calcium sulphide 38-00 Iron compounds 6-00 

gilica 26-00 Sodium, ditto 11-00 

Alumina .. .. lO'OO 

The settlers require clearing out about every five or six weeks, the residue lying upon the 
bottom being removed to the tanks, and mixed with fresh balls, so as to lose none of the soda. The 
clear warm liquor is next run into the boiling-down pans, which have alreaily been described, and 
exposed to the waste heat of the ball furnace. After a few hours’ concentration, a barrowful or two 
of sawdust is thrown in, and as the body of liquor contracts a further quantity is run in, to keep 
the sides of the pan from burning. After about twenty-three hours the liquor is boiled down to a 
pasty mass. The doors are then removed, and the whole is raked out into the drainer placed in front, 
an operation requiring about a quarter of an hour. The doors are then fitted on and luted with 
moist clay, and a fresh charge of liquor is run in. The tanks, settlers, and boiling-down pans should 
be so arranged that the liquor runs from one to another without any pumping, &c., expense. As 
the salt crystallizes out and forms a crust over the liquor, a system of careful stirring should be 
commenced, and continued from time to time during the whole of the boiling-down process. As the 
mass gets more solid, the salts should be woiked back from the fire, that no portion of them may 
become burned. If the supply of liquor runs short, one or more of the boiling-down pans must be 
filled with water, and the liquor reserved for the rest. As a rule, a hand ball furnace wdl boil 
down rather more than the liquor from its own balls. The salts are allowed to remain in the 
drainer for about twelve hours, during which time the greater part of the mother liquor drains out, 
runs along underneath the false bottom (see. Figs. 243 and 245), and collects in the well at the low 
end. From here it is pumped from time to time back into the pan, or into a separate cistern if a 
particularly pure product be required. These mother liquors contain neaily all the absolute 
impurities from the liquor, the sodimn salts consisting of carbonate, hydrate, sulphide, and 
sulphate. After being thoroughly drained, the contents of the drainer are wheeled away to a 
depot or to the finishing furnace. These “ black salts ” should present a mixed appearance of black 
and white salt, glistening with small crystals. If very fine hi grain, and white or yellow in colour, 
the liquor has been impure, or the heat in the tanks too great. The salt that is taken from the 
furnace end is called “ strong ” ; that from the further eud “ weak,” and for the finishing operation 
a judicious mixture should be made. If the workman takes all weak salt, it will not “ stand the 
fire ; “ if all strong, it is found impossible to “ clean ” it. Upon this point more will be said hereafter. 
When the mother — technically termed “red” — liquors are separated fiom the salts— not pumped 
back into the pan — they are utilized in making caustic soda, or are woiked up into an inferior 
greyish coloured carbonate. Separation of the red liquors is always adopted by manufacturers who 
work with revolvers, aud by the majority of those who use hand finnaces. It is not, however, 
necessary, and the writer’s experience is that a thoroughly good carbonate, testing 53 per cent., and 
pure white, may be made, even when the red liquors are pumped back. 

Besides merely evaporating the liquors, the action in the boiling-down pan is to convert a large 
quantity of the sodium hydrate into carbonate, aud oxidize the sulphides to some extent. All the 
sulphur is carried through the process, none being volatilized as is sometimes stated. A certain 
amount of finely divided sulphate of soda Is carried over from the furnace, bj^the current of gases, 
and settles in the liquors. 

In France, the soda liquor is boiled down aud calcined in the same furnace. This is a very 
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primitive method, turning out a good carbonate, but expensive and only producing a very limited 
output. 

To keep the salts from being contaminated by the products of combustion in the ball furnace 
and the carrying over of sulphate and insoluble matter, boiling down by bottom heat is very often 
resorted to. The various descriptions of pan and setting are shown in Figs. 252 to 257. The 
apparatus is usually termed a “ boat ’’ pan from its shape. It will he noticed that the pan is so set 
in brickwork that the fire only plays upon the aides about half-way up. Consequently the salt, as it 
crystallizes out, accumulates at the bottom of the pan and is then “ fished ” out up the sloping sides, 
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253. 

254. 



265. 



being protected by the solid brickwork from being burned. “Fished ” salts yield a very fine car- 
bonate, 52 to 57 per cent. ; the remainder, containing the caustic soda and certain other salts, 
forms a “ caustic” ash, containing up to 10 per cent, of sodium hydrate, and on that account 
esteemed by paper makers and soap manufacturers, who, in any case, have to causticize their lye. 

An ingenious form of pan has been occasionally tried. It consists of two compartments, the one 
heated and the other kept cool, connected by a large tube. The liquors are kept in constant circu- 
lation between the two compartments, crystallizing out in the cold one, and the mother liquors 
being pumped back. It has also been proposed to fish salts of different value from the boiling- 
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down pan at different stages of concentration, leaving the mother liquors to be finally worked up 
into a caustic ash. Upon the whole the method of boiling down by the waste heat passing over the 
surface of the liquors is the most economical, proper care in the subsequent finishing process 
rendering it perfectly easy to produce a satisfactory carbonate. 

It now remains to carbonate, or finish, the black salts. Wheeled from the depot, or trainer, they 
are thrown into a reverberatory furnace, very closely resembling the sulphate of soda “ roaster.” 
The chief difference is that the bridge of the “carbonator” is carried higher so as to keep the flame 
from too immediate contact with the salt. Sometimes a single-bedded, sometimes a double-bedded 
carbonator is used, the latter undoubtedly doing the better work. In the case of a single-bedded 
furnace the charge of salt, weighing about 15 cwt., is thrown upon the bed and the fire kept well 
damped until the mass is thoroughly dried. As soon as this stage is reached, the damper is drawn 
up, the fire “cleared,” and the charge carefully and almost continuously worked with a heavy 
paddle. If the fire is allowed to bum with a clear flame before the salt is dry , certain portions of 
it, especially in the neighbourhood of the bridge, will flux and be spoiled. The working of a batch 
of salt requires considerable skill. It must be sliced in thin portions and worked first towards the 
fire and then back again, so that every portion may be exposed to the heat, but none long enough 
to be fluxed. The work accomplished in the carbonator is to oxidize the sulphide of sodium into 
sulphate and carbonate the caustic soda. The hitter is brought about both by the presence of carbon 
dioxide in the furnace and by the carbonizing of the sawdust which was thrown into the salt in the 
pan. Chiefly the former ; the sawdust tends mainly to keep the salt open so that it is readily 
accessible to the influence of the heat of the carbonator. When the charge is cleared— when all 
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appearance of sulphur baa vanished from the manipulation of the paddle, the fire is urged to a 
strong red heat and the door shut down for a few minutes. The charge is then raked out into iron 
barrows. 

When a double-bedded carbonator is used, and it is by far the more preferable furnace of the 
two, a charge of black salt dries upon the bed furthest from the fire, while another is being 
worked upon the first bed. Considerable economy of fuel and an increased output are thereby secured. 
A double-bedded carbonator closely resembles a double-bedded roaster in every particular. 

The carbonating process is one requiring great care and judgment. If the “ hard ” and “soft ’’ 
salts are not properly mixed — the salts from the furnace end of the pan, and the end nearest the 
flue — the charge either fluxes before being thoroughly finished or cannot be “ cleared ” at aU. When 
the salt has been fiished it requhes only drying, the heat being kept sufficiently low not to melt the 
charge. 

The carbonate when drawn, now called “ alkali ” or “ soda ash,” is weighed and tipped up in the 
“ alkali house.” The quality may be judged pretty accurately by its appearance. It should come 
out of the carbonator red hot, showing the heat well when tipped out of the barrow. When cool, the 
ash should have a bluish shade over the white, proceeding probably from some compormd of sodimn 
and manganese, and should not assume a dull, clayey appearance. Above all, it should not be grey. 
If the heat in the carbonating process has been set away too soon, the ash will assume a reddish 
“ foxy ” appearance, but wUl sometimes, even then, grind a very fair colour. A usual amount of 
work for a carbonating furnace is 30 cwt. of finished ash per shift, divided into two charges taking 
about five hours each to work off. 

Every batch of soda ash should be carefully tested for carbonate and sulphide of sodium, and 
once a week or so, a complete analysis should be made of a mixed sample of all the week’s work. 
The amount of sulphide of sodium should not exceed a trace — i. e. the merest brown coloration 
should be given when a few drops of acetate of lead are added to a solution of the ash. The sulphite 
should not exceed O' 10 per cent.; the insoluble residue 1 per cent.; the chloride of sodium 1'25 
per cent. ; the sodium sulphate 7 per cent. ; the sodium hydrate 1 per cent. ; except in the case of 
a caustic ash. The points chiefly to be attended to are the amounts of sodium sulphide and sodium 
sulphate. The former ought at any rate not to exceed '01 per cent. If it does, the salts have been 
imperfectly worked, for however “ dirty ” they may be, it is perfectly possible to clear even the worst 
samples. If the sulphate of soda exceeds 7 or 8 per cent, the balls have been badly worked, the 
undeoomposed sulphate coming through the process, or there has been an excess of sulphide of 
sodium in the tank liquors. 

When the carbonating process is completed, a manufacturer can tell the result of the whole 
operation of soda making, not only as regards quality, but loss during the intricacies of the process- 
A considerable amount of loss is inevitable. The plant leaks in various directions, however well it 
may be cared for and looked after ; a certain amount of soda goes away with the weak tank liquors, 
in the volatilization of sodium salts, in the formation of salts — e. g. sulphide and sulphate — which 
do not reckon as available soda, in incomplete work in the sulphate of soda process, &c. As a rule, 
the average production of carbonate from sulphate is not above 69 per cent. — perhaps hardly so 
much. In a carefully conducted works, Tl parts of ash of “ natural strength ” — i. e. 52 to 53 per 
cent. — should be obtained from 100 parts of sulphate. Theoretically, 75 parts should be obtained. 

A very great improvement upon the ordinary carbonating furnace has recently been introduced 
by Mactear, of the St. Kollox Works, in the shape of a mechanical furnace. The apparatus is 
shown in Figs. 258, 259. It consists of a revolving circular bed, about 20 ft. in diameter, made of 
boiler plate, and supported upon cast-iron arms which radiate from a hollow central casting. The 
bed also has an opening in it corresponding to this centre piece. The arms, and consequently the 
bed, revolve with bevelled wheels upon a rail or race laid upon any substantial foundation, aud are 
driven by suitable engine, allowing of perfect regulation of speed. Through the centre of the 
foundation a roadway is left, upon which travels a set of waggons to receive the finished carbonate. 
The arch of the furnace is supported from an angle iron carried by iron columns set in the founda- 
tions. The keystone of the arch is a cast-iron ring, corresponding to the centre of the bed, and 
forming an opening through which rises and falls, as may be required, a closing piece held in its 
position by a groove at the bottom and iron hoop at the top. By the raising of this centre piece, the 
opening in the sole of the furnace is uncovered, and the carbonate discharged into the waggons. The 
pan itself is lined with bricks, and round the outside a lute is formed, into which dips a cast-iron 
flange depending from the arch. As this lute gets immediately filled with portions of the charge, 
all ingress of cold air is prevented. 

This mechanical carbonator has proved a great success, aud is being rapidly adopted by the 
best alkali makers. A furnace of the dimensions stated can turn out 150 t<jis of finished ash per 
week, the cost of labour being lid. per ton, and the amount of fuel on an average, 8 cwt. per ton of 
carbonate. The quality of the ash, too, is more certain than in a hand furnace, as the mechanical 
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working can be absolutely relied upon. In decreasing the amount of caustic soda the superior 
working is especially shown. 

Until about twenty years ago this first carbonate, or “ soda ash,” was looked upon merely as a 
crude product — a prelude to further processes. With increased knowledge, and skill, and more 
perfect apparatus, the quality has been so much improved that soda ash forms the great bulk of 
commercial carbonate of soda, having superseded refined alkali, to a great extent, in the soap, glass. 
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and paper trades. It is rarely sold in the rough state in which it comes from the furnace, but is 
usually ground to a fine powder. For this purpose it is put through horizontal stones, similar to 
those of a flour mill, from which it runs into casks placed beneath the spout. Occasionally vertical, 
edge, stones are used, but the ash requires then to be sifted before being packed. The best 
stones are blue lava from Italy and the Lower Bhine. These resist the heat of the ash better than 
the French “ burrs ” occasionally used. The carbonate, after being spread upon the floor of the 
packing house to cool, should be fed into the mill by a set of elevators, and the cask into which 
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the finely ground product runs should be kept constantly rocked or shaken by any suitable con- 
trivance so that it may be packed as tightly as possible. The cost of grinding and packing is 
about Is. per ton, and the weight of cask when filled varies from 1 to 15 cwt., depending upon the 
requirements of the consumer. If a lower strength of ash be required than that produced from the 
furnace — say 48 per cent, instead of 52 per cent. — a certain quantity of dried chloride of sodium, or 
“kelp salt,” is mixed with it. To keep this mixture, and the strength, right, it is necessary to test 
every cask. 

Soda ash is sold by the percentage of sodium carbonate it contains, and at so much “per degree.” 
The testing is of the simplest description, by neutralization of a solution in hot water of a known 
weight of soda ash by a standard solution of pure sulphuric acid. It may be noted that all 
available soda — the hydrate, silicate, and aluminate — tests as carbonate. The equivalent of 
sodium is usually taken as 24 instead of the correct figure 23, and of the carbonate 108 instead of 
106. Hence the corredion to “ English degrees ” in the table annexed — the degrees upon which 
the carbonate is usnally reckoned. The Decroizilles’ degrees represent the French standard and 
show the number of parts of oil of vitriol neutralized by 100 parts of the sample. This alkali- 
metrical table has been drawn up by John Pattinson, of Newcastle-upon-Tyne. 
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Percentage 
of Soda. 

Carbonate 
of Soda. 

English 

Degrees. 

Decroizllles* 

Degrees. 

Percent jge 
of Soda. 

Carbonate 
of Soda. 

English 

Degrees. 

Decroizilles* 

Degrees. 

30-0 

51-29 

30-39 

47-42 

54-0 

9-2-32 

54-71 

85 -.35 

30-5 

52-14 

30-90 

48-21 

M*5 

93-18 

55-22 

86-14 

31-0 

53-00 

31-41 

49-00 

55-0 


55-72 

86-93 

31-5 

53-85 

31-91 

49-79 

55-5 

94-89 

56-23 

87-72 

32-0 

54-71 

32-42 

50-58 

56 0 

95-74 

56-74 

88-52 

32-5 

55-56 

32-92 

51-37 

56-5 


57-24 

89-31 

33-0 

56-42 

33-43 

52-16 

57-0 

97-45 

57-75 

90-10 

33-5 

57-27 

33-94 

52-95 

57-5 

98-31 

58-26 

90-89 

340 

58-13 

34-44 

53-74 

5S-Q 

99-16 

58-76 

91-68 

34-5 

58-98 

34-95 

54-53 

58-5 


59-27 

92-47 

350 

59-84 

35-46 

55-32 

59-0 

100-87 

59-77 

93-26 

35'5 

60-69 

So ‘96 

56-11 

59-5 

101-73 

60-28 


36-0 

61-55 

36-47 

56-90 


102-58 

60-79 

94-84 

36-5 

62-40 

36-98 

57-69 


103-44 


'■95-63 

37-0 

63-26 

37-48 

58-48 

61-0 

104-30 


96-42 

37-5 

64-11 

37-99 

59-27 

61-5 

105-15 

62-31 

97-21 

38-0 

64-97 

38-50 

60-06 

62-0 

106-01 

62-82 


38-5 

65-82 

39 00 

60-85 

62-5 

106-86 


98-79 

39-0 

66-68 

39-51 

61-64 

63-0 


63-83 

99-58 

39-5 

67-53 

40-02 

62-43 

63-5 


64-33 


40-0 

68-39 

40 -.52 

63-22 

64-0 


64-84 

101-16 

40-5 

69-24 

41-03 

64-01 

64-5 


65-35 

101-95 

41-0 

70-10 

41 54 

64-81 

65-0 

111-14 

65-85 

102-74 

41-5 

70-95 

42-04 

65-60 

65-5 

111-99 

66-36 

103-53 

420 

71-81 

42-55 

66-39 

66-0 

112-85 

66-87 

104 -.32 

42-5 

72-66 

43-06 

67-18 

i 6C*5 


67-37 


43-0 

73-52 

43-57 

67-97 

67-0 


67-88 


43-5 

74-37 

44-07 

68-76 

67-5 

115-41 

68-39 


44-0 

75-23 

44-53 

69-55 

68-0 

116-27 

68-89 

B 

44-5 

76-08 

45-08 

70-34 

68-5 

117-12 



45-0 

76-95 

45-59 

71-13 

69-0 

117-98 

69-91 


45-5 

77-80 

46-10 

71-92 

69-5 

118-83 

70-41 


46-0 

78-66 

46-60 

72-71 


119-69 

70-92 


46-5 

79-51 

47-11 

73-50 

BfSfl 

120-53 

71-43 

111-43 

47-0 

80-37 

47-62 

74-29 

71-0 

121-39 

71-93 

112-23 

47-5 

81-22 

48-12 

75 08 

71-5 

122-24 

72-44 

113-02 

48-0 

82-07 

48-63 

75-87 

72-0 

123-10 

72-95 

113-81 

48-5 

82-93 

49-14 

76-66 

72-5 

123-95 

73-45 

114-60 

490 

83-78 

49-64 

77-45 

73-0 

124-81 

73-96 

115-39 

49-5 

84-64 

50-15 

78-24 

73-5 

125-66 

74-47 

116-18 

50-0 

85-48 

50-66 

79-03 

74-0 

126-52 

74 97 

116-97 

50-5 

86-34 

61-16 

79-82 

74-5 

127-37 

75-48 

117-76 

51-0 

87-19 

51-67 

80-61 

75-0 

128-23 

75-99 

118-55 

51-5 

88-05 

52-18 

81-40 

75-5 

129-08 

76-49 


52-0 

88-90 

52-68 

82-19 

76-0 

129-94 



52-5 

89-76 

53-19 

82-98 

76-5 

130-79 

77-51 


530 

90-61 

53-70 

83-77 

77-0 

131-65 


121-71 

53-5 

91-47 

54-20 

84-56 

77-5 

132-50 

78-52 



Refined Alkali . — For the finer sorts of glass, and for varions other purposes, a purer article than 
soda ash is required, and this is readily obtained by dissolving the ash in hot water, settling, boiling 
down, and re-fumaeing. All the insoluble impurities of the ash are thereby removed, the iron and 
the lower sulphur compounds thoroughly oxidized, while the sodium hydrate is converted into car- 
bonate. The process of refining is as follows .-—The soda ash in its rough state, as it comes from the 
earbonator, is thrown into some such dissolver as that shown in Figs. 260 and 261, and hot water run 
in. Any waste heat is utilized for warming the water, but it is also necessary to have a small 
steam pipe in the dissolver itself. The agitators shown greatly facilitate solution. The liquor, 
as nearly saturated as possible, is taken off by a pipe set about two-thirds up the side of the 
dissolver, a second outlet at the bottom serving to empty the vessel completely when requisite. 
If much sulphide be present in the ash, a few pounds of bleaching powder may be added in the 
dissolver, but inasmuch as this destroys also a certain amount of carbonate, its use is not recom- 
mended. The soda solution is drawn off as it forms and run through a seri|s of shallow settlers, 
preferably half boilers, into the pumping well. From here it is pumped up into any convenient 
arrangement of tanks and left for abont five hours to settle. The solution being run very hot from 
the dissolver, does not cool down to crystallizing point in the settlers, unless left too long, and 
therefore no loss need be feared upon this head. After thoroughly settling, the char liquor. 
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to within ahont 12 in. of the bottom of the tank, is run off into a pan almost exactly similar in con- 
struction to the boiling-down pan of a hand ball furnace The arch, however, is kept higher, the 
pan has two fireplaces, one at each end, and the products of combustion are taken out fiom the 
centre. This boiling-down operation results in a gieat waste of heat, as the flames must be kept 
from too close contact with the liquor, to prevent contamination with carbonaceous matter, and a 
rapid draught must be used. Sometimes a pan has only one fireplace, but this arrangement docs 
not work well ; nor can the boiling down be performed 
by any waste heat. When the salts assume a pasty con- 
sistency, with large lumps of nearly dried salt mixed 
through, the doors are remold and the whole mass is 
raked out into a drainer placed in front. The doors are 
then replaced and a fresh charge of lye is run in. The 
drained salt is treated precisely like the black salts — 
dried and fumaced in a double-bedded reverberatory 
furnace with a high arch. The finishing process re- 
quires great care to prevent fluxing, a clear flame being 
only allowed to play upon the charge when it is 
thoroughly dried. It is altogether more akin to the 
drying of fish salt in the earbonator. Nearly all the 
sodium hydrate is now converted into carbonate and the 
sulphite into sulphate. A loss of about 5 per cent, of 
material is incurred by the refining process, and a de- 
crease of about J per cent, in strength, 53 per cent, 
ash making only a 52 ' 5 per cent, refined alkali. Some- 
times the “ white salt ” in the drainer is washed with 
water to obtain a purer carbonate, but such a process is 
entirely superfluous. The mud from the settlers and 
dissolver is washed with hot water, and the washings 
are run into the dissolver or the builing-down pan. 

More usually, however, the whole of the residue is put 
upon the balls in the lixiviating tanks. 

Refined alkali is ground and packed in manner pre- 
cisely resembling soda ash. Formerly, nearly the whole 
of the alkali of commerce consisted of this refined article, 
but its use has given way to a great extent to that of a 
better prepared soda ash. The cost of refining is about 25«. per ton, the product being of a 
beautifully white colour, and containing from 48 to 53 per cent, of carbonate, depending upon 
the strength of the ash from which it is made. 

Soda crystals.— This well-known product of the alkali trade is a crystalline compound of 
carbonate of soda with ten atoms of water— NajCO, -1- lOH^O. For most household and cleansing 
purposes, also in bleaching, tanning, and dyeing, soda crystals still hold their own, though 
probably, as purer forms of carbonate, such, for instance, as the product of the ammonia process, 
to which further reference will be made, are introduced, the use of crystals will be to a great 
extent superseded. A manifest disadvantage is the bulk of water of crystallization contained. 
Roughly speaking, 1 ton of soda ash makes 2 tons of crystals, so that all the expenses of freight, 
carriage, and manipulation are doubled. The greatest part of the trade in crystals is done with 
foreign countries where heavy import duties upon soda ash give the manufactured product the 
advantage. Also for all household purposes, crystals are esteemed, as being cleaner and more 
readily handled. 

The manufacture of crystals is as follows Good, thoroughly carbonated soda ash, of as high 
strength as possible, is thrown, in the rough state, into a dissolver and treated in a manner similar 
to that set forth when speaking of refined alkali. The ash shoidd be free from caustic soda 
because the presence of this salt spoils the appearance of the crystals, and increases the volume of 
mother liquor. If the ash contain any appreciable amount of sulphide of sodium, it must be cleared 
by introducing a small quantity of bleaching powder into the dissolver. The solution, having a 
specific gravity of about 1 '225, is run from the dissolver into a series of settlers — large wrought-iron 
tanks about 10 ft. square by 7 ft. deep, well stayed with cross rods of iron. After thoroughly 
settling, the clear liquors are run off by any convenient siphon arrangement into a set of coolers or 
“ cones,” where they remain for a fortnight to three weeks, depending upon the state of the weather 
until a pretty nearly sftid mass of crystals forms. These crystallizing cones are of various shapes 
and description. The best form, upon the whole, is shown in Figs. 262, 263, and consists of a 
circular cast-iron pan, 2 ft. deep and about 9 ft. in diameter, by 1 in. thick. A hole in the centre 
serves to remove the mother liquor when the plug shown in Fig. 263 is withdrawn. The crystals 
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form in tlie manner set forth. That which sets round the sides of the cone is called “ block,” and 
in cool weather is a solid mass 9 in. or so in thickness. Finer, larger crystals form in the centre 
and upon the surface, called “ points,” and are more esteemed. To assist these points to form, 
it is usual to place strips of irou or wood across the surface of the liquor. Crystals of a very large 
size may be “ grown ” by removing a few points and suspending them in fresh liquor, repeating the 
operation almost to an indefinite extent. When it is judged that all the available soda has crystal- 
lizefout, the plug is withdrawn from the centre of the cone, the 
mother liquors are drained away, along a spout placed beneath, 
into a well or any convenient receptacle, and the crystals removed 
to the drainer. This is usually a long sloping bench or hopper, set 
with its top on a level with the bottom of the cones. At the bottom 
of the slope, are a series of small doors, and when these are raised, 
the crystals, after they have drained, are run into casks placed 
beneath, and packed ready for sale. The manufacture of crystals 
requires considerable experience and great care. The liquors must 
be allowed to settle thoroughly, the cones must be kept well filled, 
so as not to rust, and they must be emptied before the crystals 
“ salt,” or become opaque. The roof over the cones must be kept in 
perfect repair to prevent any disturbances of tbe liquor while 
crystallizing. Finally, the whole plant must be arranged so that a 
free current of cool air plays upon all sides of the cones. Neglect 
of this last-named precaution is a potent source both of bad 
crystals and bad yields. The mother liquors are pumped into a 
boiling-down pan, and treated exactly like refined alkali. The product — “ weak alkali,” as it 
is called — varies in strength with the amount of mother liquor. In hot weather, when less soda 
crystallizes out, the weak alkali will test up to 41 per cent, of carbonate. In winter, when the 
“crops” of crystals are large,' and the mother liquors proportionately weak, the strength of the weak 
alkali wiU not run beyond 36 or 37 per cent. This product is highly esteemed by glass manu- 
fecturers, as they only pay for a small amount of carbonate of soda, and get a large amount of sul- 
phate of soda — which of course remains in the mother liquor, and lowers the test — given to them. 
The mud from the settlers is washed or put upon the balls in the lixiviating tanks. 

Other forms of cone are given in Figs. 264 to 269. In Fig. 270 is shown a convenient 
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disposition of these small cones with a tramway running round each set to convey the crystals 
to the bench or warehouse. Occasionally rectangular pans of wrought iron are used, but these 
can hardly bear the picking and hammering required in order to remove the block crystal. 
The circular cone shown in Figs. 262 and 263 is the best. The yield from such a crystallizer is 
about 2J tons. 

Soda crystals are packed in casks holding from 1 to 10 cwt. As a rule, 5 casks go to the ton, 
unless some particular size is indicated or bargained for. One cwt. casks fetch 20s. per ton extra 


267 . 268 . 




price. The labour in crystal making is very small — half a dozen hands b^ng capable of turning 
out 150 tons per week. The whole is usually let out to a “ ganger ” at about 2s. per ton, which 
includes all labour except the boiler and engine man. Cost and selling prices of soda crystals at 
the present time are about the same — 21. 15s. per ton. The price fluctuates very much with that of 
soda ash. 'Within the last few years, the selling price in London has been as high as 6?. 10s. per ton. 
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111 France and Belgium, it is customary to use very small crystallizing cones, not more than 
2 ft. in diameter — ^more usually 18 in. square — and 9 inches^ deep. From these small cones better 
and purer crystals are obtained, but the labour is immensely greater. They are arranged in tiers, 
one above another, and ouly allowed to stand about forty-eight hours. The cone is then lifted 
up in the hands, the mother liquor poured out, and the crystals ar^ loosened by placing the cone 
in warm water. They are then tilted 
out in ene irregular block. Very often, 
too, the French crystals are dried in a 
warmed chamber without being allowed 
to effloresce. 

The fact that English crystals after a 
short exposure to the air become opaque, 
and covered with a fine powdery sub- 
stance, is no sign of inferior or deteriorated 
quality. The appearance is simply caused 
by a certain amount of the water of crys- 
tallization being given off and the original 
alkali forming upon the surface. If any- 
thing, the real value of the crystals is 
enhanced thereby. 

Bicarbonate of Sodium. NaHCOj. — This salt may be prepared by passing a stream of carbon 
dioxide through a cold solution of the neutral carbonate, or by exposing the crystals to an atmo- 
sphere of the gas. Bicarbonate separates in very fine crystalline grains. 

This salt has only a feebly alkaline taste. It reddens litmus, and, exposed to a low red heat, 
loses carbon dioxide, and is converted into the neutral carbonate. It requires 10 parts of water at 
15° for solution, giving off carbon dioxide when heated to 70°. 

Bicarbonate of soda forms another branch of the alkali manufacture. It has been proposed to 
obtain it by mixing four parts of soda crystals with one part of cominercLil sesquicarbonate of 
ammonia. Upon being heated, the mixture gives off ammonia, and sodium bicarbonate remains. 
The usual method, however, is to act upon soda crystals with carbon dioxide, the process being as 
follows : — Pieces of chalk or limestone of any quality, but in not too large lumps, are loosely thrown 
into an underground well, or cistern, built of stone, and made tight with a good bedding of clay. 
In the well-cover is a man-hole, which serves as an entrance when clearing out is required, and for 
introducing the clialk or limestone. The weak hydrochloric acid from the roaster condenser — acid 
that is too weak to be utilized in the bleaching powder department — enters the cistern through a 
pipe near the bottom. As it rises through the chalk, it becomes saturated, carbon dioxide is 
evolved, and finally a neutral solution of chloride of calcium overflows through a pipe set in the side 
of the cistern near the top. The gas is taken off through a pipe stemmed into the cover, and conveyed 
to boxes in which the soda crystals are packed. These boxes, or chambers, are of various descrip- 
tions and material — stone, wood, or iron. The interior is provided with a false perforated bottom, or 
series of shelves, upon which the crystals are piled, the carbon dioxide permeating the whole mass. 
Absorption of the gas immediately takes place with considerable generation of heat, and disen- 
gagement of nearly all the water of crystallization, which collects at the bottom of the box, aud is 
conveyed away by a U pipe, or any convenient luting apparatus. The operation is allowed to 
proceed until a rod passed through convenient hules in the box meets with no resistance from hard 
lumps of crystal soda. The finished bicarbonate is then removed in the form of opaque white 
lumps, retaining the shape of the original crystals. It is dried at a gentle heat in a chamber 
the temperature of which is kept to about 35° by any suitable arrangement of hot-air pipes. 
It is finally ground iu an ordinary flour mill, and sifted through a fine brass or copper gauze, 
containing not leas than 300 meshes to the inch. The finished product is a fine white impalpable 
powder, and is packed iu 1 cwt. barrels, or 5 cwt. casks. The drying aud grinding must be care- 
fully effected to prevent loss of carbon dioxide. The mother liquor from the shelves contains a 
ceitain amount of bicarbonate and nearly all the foreign salts of the ciystals. It is either added to 
the tank liquor, or boiled down and fumaced as weak alkah. For the bicarbonate process it is 
usual to employ the inferior crystals, or crystals that have been in any way damaged. 

The commercial product nearly always contains a certain percentage of sesquicarbonate. It is 
used largely in the manufacture of baking powders, seidlitz powders, and effervescing drinks ; also 
to some small extent in dyeing and printing as a mild alkali, where a more energetic carbonate 
might be hurtful. The total manufacture of the country reaches 20,000 tons per annum. At the 
present time, selling and cost price are about 81. 15s. per ton. Konghly speaking, one ton of 
“ bicarb.” requires two tons of soda crystals. 

Hydrate of Sodium. Caustic Soda. NaHO. — ^This substance is a white, opaque, hard solid, 
possessing a fibrous texture. Its specific gravity is 2-00. It is fusible below a red heat, and is 
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less volatile than the corresponding potassium hydrate. It is very soluble in water, attracting 
moisture from the air. Upon drying, carbon dioxide is absorbed, and the hydrate becomes 
converted into the carbonate. 

The saturated solution has a specific gravity of 1'5 at ordinary temperatures. At 18°, 100 
parts of water, dissolve 60'53 parts of hydrate: at 70°, 116'75 parts; at 80°, 127'02 parts. The 
following table (Tunnermann) gives the amount of soda (Na^O) in solutions of varying densities : — 


Specific 

Gravity. 

Per cent, of 

^320. 

Specific 

Gravity. 

Per cent, of 
NagO. 

Specific 

Gravity. 

Per cent, of 
NagO. 

Specific 

Gravity. 

Per cent, of 
NaaO. 

1-4285 

30-220 

1-3198 

22 -.363 

1-2280 

14-500 

1-0855 

6-044 

1-4101 

29-011 i 

1-3125 

21-758 

1-2058 

13-297 1 


4-835 

1-39-23 

27-802 

1-2982 

20-550 

1-1841 



3-626 

1-3751 

26-594 i 

1-2843 

19-341 

1-1630 

10-879 

1-0330 

2-418 

1-3186 

25-385 , 


18-132 

1-1428 


1-0163 

1-209 

1-3426 

24-176 

1-2578 

16-923 

1 1-1233 

8-462 

1-0040 

■ 0-302 

1-3273 

22-967 

1-2453 

15-714 

; 1-1042 

7-253 




The solution dissolves hair, wool, and most animal substances, also sulphur and the metallic 
sulphides, silica and alumina. It acts as a strong caustic, and is a powerful alkali. 

It has already been stated that caustic soda is produced when water is added to the monoxide 
of sodium. Upon a large scale, however, it is manufactured by depriving the carbonate of its 
carbonic acid by the action of hydrate of calcium. 

The credit of first preparing caustic soda upon a large scale is probably due to Weisenfeldt, 
who introduced at tlie St. Eollox Works, Glasgow, in 1844, a process of fusing the red liquors from 
the black salts with nitre. The caustic produced in this way was of good quality and white colour. 
Since that time the manufacture has been gradually improved, the most notable alterations being 
those of Gossage, in 1853, who proposed to utilize the tank liquors, fishing out the carbonate and 
other sodium salts during evaporation, and preparing caustic soda from the mother liquors; Stott, 
in 1855, who patented a process for removing the sulphides from tank liquor by means of oxide of 
iron, zinc, or manganese; Bakewell, in 1857, who first adopted the sheet-iron drum nowin ordinary 
use ; Thomas, in 1858, who patented the use of calcium hydrate and the oxidation of the sulphides 
by air; Ealston, in 1860, who first produced what is usually termed “ white ” caustic, by continuing 
the evaporation of the caustic liquors, until the iron separated out as oxide and precipitated to the 
bottom of the vessel, leaving a clear supernatant caustic solution. This introduction of a pure 
70 per cent, white caustic was followed up by the publication, in 1872, of Pauli’s process now in 
general use. He proposed to fuse the ordinary “ cream ” caustic, and keep up the heat until the 
oxide of iron and silicate of alumina separate out. 

Soda liquor from three sources is employed in the production of caustic soda : (1) from the 
finished soda ash by dissolving it in hot water; (2) direct from the lixiviation of the balls; 
(3) fi'om the red liquors. The fiist of these processes is a very roundabout and expensive plan ; 
the dissolving of the ash is conducted in a similar manner to that described when treating of 
refined alkali, and the solution then simply takes the place of a pure tank liquor. Bed liquors are 
chiefly employed in the production of cream caustic, on account of the impurities contained in them. 
The second method, the causticizing of tank liquors, is the most important process for the 
production of caustic soda, and to it the attention of the reader is directed. 

The ball mixture is first adjusted to the process. A large excess of limestone or chalk is added, 
and the lime mud from the causticizer is usually worked up in the ball furnace. So the mixtxuo 
may assume either of the following proportions ; — 



0 . 

6. 


cwt. 


Sulphate of soda 

24 

2i 

Limestone.. .. 

2f 

li 

Lime mud 

Done 

3 

Small coal 




The admixture of lime mud of course varies, and with it the amount of limestone or chalk. 

The tank liquors after settling are pumped into the “ causticizer.” If white caustic is to be 
made this settling part of the operation must be thorough. The causticizfcs are extremelv various 
in sizes and shapes. Often old boilers, cut in half crosswise, are used. The best apparatus, in which 
the liquors aie both causticized and oxidized, and at the same time thoroughly agitated, is shown in 
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Figs. 271 and 272. But little explanation is necessary. The air oxidizes the sulphides and performs 
the necessary agitation of the contents of the vessel, and steam helps in the agitation and heats the 
liquors. Steam and air are admitted below a perforated false bottom, the plan of which is given 
in Fig. 272. Sometimes a previous oxidation by a special blower is resorted to before the liquors 
are introduced into the causticizer, and mechanical agitation, by an engine fixed to the side of the 
vessel, adopted. A sludge valve serves to run off the 
residue, or “ lime mud,” and the clear caustic liquors are 
decanted by any convenient form of siphon. 

Before being causticized, it is usual to reduce the 
strength of the liquor to 20° or 22° Tw. Occasionally 
the reduction is carried down to 14°, but a liquor of 20° 
causticizes as readily as one at 14°, and the extra amount 
of water simply represents an after extra expenditure of 
fuel. Steam is blown in until a temperature of 100° is 
attained, and the mass of liquor begins to boil. A 
quantity of quicklime contained in a convenient cage, 
which keeps back all stones and big lumps, is then 
lowered into the vessel, and the steaming and agitation 
are continued until a sample of the liquor, filtered, gives 
no effervescence with dilute hydrochloric or sulphuric 
acid. A simple view of the reaction in the causticizer 
is the following ; — 

NajCO, + CaO = Na,0 + CaCO,. 

Besides this, the sulphide of sodium is converted 
into sulphate, and the alumina and silica are carried 
down with the calcium carbonate. A usual charge of 
weU-bumed lime consists of 14 cwt. per ton of 60 per 
cent, caustic soda, but the process is, as a rule, carried 
out in only a rough fashion, an excess of lime being put 
into the cage. About an hour and a half is required 
for the causticizing of a batch of liquors. 

After completion of the operation, the contents of 
the vessel are allowed to settle for half an hour or so, 
during which time the insoluble portions rapidly subside. The clear caustic liquor is then 
drawn off, and a fresh lot of diluted tank liquor run in upon the lime mud, and the causticizing 
operation repeated. The mud is not removed after every operation, because a certain amount of 
undecomposed lime is always present, and serves to causticize the next charge to some extent. 
After a second operation, fresh water is run in upon the 2 TZ. 

mud and the whole well agitated. The washings are run 
off to dilute the tank liquors, and the mud placed upon the 
“filter.” This filter is usually a half boiler, cut longitudi- 
nally. The bottom is paved with bricks in somewhat similar 
fashion to that already described when explaining the con- 
struction of the lixiviating vats, a channel being left down 
the centre, and the bricks only loosely put in. The actual 
filter is formed by layers of coke to a depth of 9 inches or 
so, the bottom layer composed of good-sized lumps, the top 
of small pieces, and a covering of coarse sand or cinders. 

Over the filter are laid perforated iron plates or grids, upon 
which the mud is placed. When a batch is spread over the 
grids, it is allowed some little time to drain, and then tho- 
roughly washed with water. The drainings and washings are 
utilized in diluting tank liquor, and the finally hard, close mud is shovelled out of the filter and 
wheeled away to the ball furnaces or mixing depot. An ingenious mechanical contrivance is often 
used to assist the draining and washing of the mud. A 2-in. iron pipe is bolted upon the bottom of 
the boiler, below the filter, and communicates with a small air-tight tank placed upon a higher 
level, and connected in its turn with a vacuum pump. Upon the top of this tank is an air-cock, and 
set into the bottom a pipe to convey away the collected water and liquor. When a batch of mud 
is spread over the filter,*the vacuum pump is set away, and draws up, first the drainings and then 
the washings. These collect in the tank and are run off to their destination. The completely 
washed mud should not contain above I'o percent, of caustic soda. About 40 per cent, of it is 
calcium carbonate, 4 per cent, calcium hydrate, and 50 per cent, water. The remaining constituents 
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are silica, almnina, oxide of iron, and magnesia, with traces of chloride, snlphate, and carhonate 
of soda. 

To return to the caustic liquors. These are run from the causticizers into settlers, and, after 
clearing, transferred to a wrought or cast-iron concentrating pan. The best form is the “ boat ” p.^ 
already described. Two of these, or a boat pan and a boiler, may be conveniently built at the end 
of a ball furnace and worked with waste heat. •CJoncentration in a boiler or wrought-iron pan is 
not advisable beyond 30° Tw., as the liquor eats the iron away rapidly. In any case, the liquor in 
these first “ weak ” pans should not be allowed to concentrate beyond 35° Tw. It is then transferred 
to cast-iron pans — usually called “strong,” where evaporation is carried on till a density of 70° Tw. 
is attained. Heat in the “ strong ” pans is supplied by two fireplaces built in front of the two side 
flues running along the pan. A convenient arrangement is to place a “ weak ” at the end of a 
“ strong” pan, and take the fire from the one under the other. Evaporation in both pans must be 
carefully conducted so that no boiling over may occur. If 70 per cent, caustic be required, concen- 
tration is continued up to 82° Tw. During this operation, occasionally in the “ weak,” but rapidly in 
the “ strong ” pans, the carbonate, sulphate, and chloride of sodium separate out, together with a little 
caustic soda. These salts are fished out and the liquor replenished from time to time. When the 
desii-ed strength is attained the pans are allowed to cool down and the contents to settle. The 
clear liquor is then siphoned off into a series of settlers. The remaining salts and residue in the 
“ strong ” pans is shovelled out, drained, and worked up in the balls. The composition of these fished 
salts is about as follows : — 


Sodium sulphate 27 "00 

„ sulphide O' 10 

„ sulphite and hyposulphite 3 '00 

„ chloride 6 '00 


Sodium carbonate 23-00 

„ hydrate 9-00 

Insoluble I'OO 

Water 30 -00 


Settling before running into the pots is often dispensed with, the liquors being allowed a 
further time to clear in the “ strong ” pans, but a better quality of caustic is made when separate 
settlers are used. Instead of judging by the density of the strong liquors, they are sometimes run 
ofif when a temperature of 138° (280° F.) is attained. A few pounds of nitrate of soda are usually 
added before running off. When previous and careful oxidation however has been performed, this 
second oxidation of the salts is not necessary, and involves some loss. 

From the settlers, or “ strong ” pans, the liquor is run into the “ pot.” These pots are made of cast 
iron, about 9 ft. in diameter and 5^ ft. deep. In shape, they resemble the soda cone shown in 
Fig. 262, but are deeper and much stouter. They are set after the fashion of a sulphate pan, the 
Are not being allowed to play directly upon the pot, but escaping from an under arch and passing 
round the sides by a circular flue. With all precautions, the breakage of canstlo pots is a con- 
stantly recui-ring evil. Sometimes the bottom rests upon a plate to facilitate the turning of the 
pot from time to time, by which operation a fresher surface is presented to the more direct action 
of the fire. An overhead crane is an advisable adjunct to assist in the turning or replacement 
of these pots, which weigh up to 6i tons each. Instead of working a charge off in one pot, a common 
arrangement is to have three pots, and bale the liquor, as it concentrates, from one to another. 
The pots should of course be set successively one below the other. When a temperature of 121° 
(250° F.) is attained, the liquor begins to froth up, and a strong smell of ammonia is given off, from 
the decomposition of the cyanogen compounds. Soon after, at 143° (290°F.), a dirty black scum 
rises to the surface, and is skimmed ofif, very carefully if 70 per cent, white caustic be required. At 
155° (311° F.) the liquor boils rapidly, and turns a very dark colour. The deposition of salts goes 
on, and if a 70 per cent, product be required, the pot is cooled down when a temperature of 160° 
(320° F.) is reached, and the salts are fished out. Concentration is continued to 224° and finally 
to 260°. About 182° (360° F.), the pot is very liable to boil over, and the workman in charge has 
to give every possible care to prevent this by heating down the froth or adding a little grease or 
oil. Between 200° and 260°, the Uquor boils very gently, and contains at the former temperature 
60 per cent., and at the latter 65 per cent, of alkali. The ammoniacal vapours, mixed with a little 
caustic soda which is mechanically carried off, are at this stage exceedingly irritating. The cyanides 
are destroyed with separation of graphite and also nitrogen. Soon all motion ceases. The pot is 
then covered up and the fire urged until the contents are at a red heat. This process is termed 
“ clearing.” The sulphur compounds are now finally oxidized, either by the addition of nitre, or 
by blowing in air. The addition of nitre must be made very carefully so as not to overdo it, or 
turn the caustic green. From time to time a small sample is taken out, allowed to solidify, and 
tested with a few drops of acetate of lead. As a rule 1 ton of caustic will require 40 lb. or so of 
nitre. If the pot has been ovar-oxidized— a trace of sulphide should be al«ays left— a few balefuls 
of fresh liquor are added. Oxidation by a current of air is now very generally practised, an 
ordinary blowing engine being employed for the purpose, with a short quick stroke. All water is 
perfectly discharged from the cylinder when starting to blow, and the delivery pipe is then 
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connected with a strong 1| in. iron pipe, terminating in a perforated ring which is plnnged into the 
liquor, and rests upon the bottom of the pot. The clearance of water is rendered necessaiy to 
avoid any possible explosion if it came in contact with the red-hot liquor. The same blowing 
engine which supplies the causticixer may be used for the finishing process. Blowing is continued 
for about three hours in the case of liquors which have been partially oxidized in the pans, and for 
about eight hours if the sulphides have been all allowed to come through. The testing with 
acetate of lead for complete oxidation is practised as the operation proceeds. When it is finished 
a sample is taken from the pot, and tested for alkali. If only 60 per cent, be required the necessary 
reduction is made by adding common salt in very small quantities at a time to prevent 
any violent deflagration. If 70 per cent, be required, the sample should test fully 72 in 
the pot. Anything under 70 per cent, is made into 60. After “ salting,” the pot is heated up again, 
and then allowed to stand for eight or twelve hours. The oxide of iron and aluminate of soda 
settle down, leaving clear caustic supernatant. If a fine quality is required this settling must be 
very thorough. The caustic is now ready for packing into the well-known sheet iron “drums,” 
which hold about 6 cwt. each. The drums are ranged round the pot and filled slowly, preferably 
at short intervals, by means of an iron spout. This slow and intermittent filling is necessary to 
give absolutely full drums. The composition of 60 and 70 per cent, caustic is as follows : — 





White 60 per cent. 
Na^O. 

70 per cent. Na^O. 



Sodium hydrate . . 

„ carbonate 

„ chloride . . 

„ sulphate .. 

„ silicate . . 

„ aluminate 


per cent. 

72 to 73 

1-5 

19 

5-5 

0-3 

trace 

per cent. 

82 to 89 

4 

6 

5 

0-5 

trace 



Only the clear liquor is baled out into the first set of drums. The residue, an impure caustic, is 
packed separately, and forms what is known as “ bottoms ” — an article containing from 54 to 62 
per cent, of alkali — or is broken up when cool, dissolved to 48° Tw. hot, and the clear Uqnor, 
after settling out the iron, silica, and alumina, causticized again. Sometimes the “ bottoms ” are 
added to the red liquors, and go to make cream caustic. 

Deacon has patented a process for obtaining crystals of caustic soda by evaporation until a 
temperature of 177° (350° F.) is attained, cooling down to 70° (158 F.), and crystallizing in cast- 
iron cones. The hydrate that separates has about the following composition : — 

Sodium oxide 50 '5 I Sodium chloride .. 1-8 

„ hyposulphite .. .. 0'5 j Water 47-2 

Parnell and Simpson have lately introduced a high-pressure causticizer, which seems to be a 
decided improvement upon the older, open plan. The waste of heat caused by the steam i)assing 
through the liquor and away from the top is avoided, and a considerable saving in fuel and labour 
effected. 

Cream caustic is made either &om roughly worked tank liquor, or red liquors— chiefly the 
latter. The colour of these liquors is probably due to the presence of a soluble double sulphide of 
iron and sodium. They are first allowed to settle well, then concentrated in any convenient self- 
fired pan to 70^ Tw. — a temperature of 121° (250° F.) being attained. They are then allowed to 
cool, and the salts which have in the meantime separated, are fished out. The heat is again 
applied till the density reaches 95° Tw., and during this second stage, a quantity of nitre is 
added to oxidize the liquors. After settling a little, the liquors are run off into pans, and allowed 
to stand till quite clear. They are then transferred to a pot and fired until the hatch tests 60 per 
cent., or thereabouts, for alkali. No oxidation in the pot is resorted to, and the contents are not 
fused as in the case of the white caustic. The whole of the pot is then baled out into drums, 
leaving no “ bottoms.” The colour, due to the presence of iron oxide, is very variable. If too red, the 
product is sold as inferior caustic, or worked up into white, by oxidation and fusion. Cream 
caustic usually contains about five per cent of carbonate, 7 per cent, of chloride of sodium, 2 per 
cent, of sulphate, and 15 per cent, of water. The salts from the settlers are washed and worked up 
in the carbonate process. 

The cost. of 70 per cent, caustic soda is about Ilf. per ton ; of white 60 per cent., lOf. per 
ton ; of cream 60 per c^t., 9Z. 10s. per ton. The amount of bottoms average about 7 cwt. per 10-ton 
pot. 100 tons of salt cake should yield 55 tons of 60 per cent, caustic. 

A few words more may be devoted to Sachet’s process for manufacturing caustic soda, which 
produced some considerable stir ten years ago, but is now practically abandoned. It was carried 
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out upon rather a large scale at the Walker- upon-Tyne works, and strangely enough, is based upon 
the old process of Dundonald and Iiosh, carried on in the same works eighty years ago, viz. the 
decomposition of salt by litharge. A mixture of 100 parts of litharge, 70 peirts of salt, and 50 of 
lime, is ground into a'paste in a mill. Decomposition ensues, chloride of lead and caustic soda 
being formed. The solution is pressed out, and freed from lead by filtration through hydrate of 
lime. It is then worked up to a 70 per cent, caustic in the usual way, the common salt which it 
contains being fished out during concentration. The cakes left in the press are dried at 300° to 
350° F., the hydrate of lead being thereby converted into yellow oxide. The whole mass is then 
treated with boUing lime water to decompose the chloride, and the regenerated oxide used over 
again to decompose a fresh batch of salt The reactions in this process have proved to be difficult 
and only partial. A considerable loss of lead also is sustained. 

Such are, briefly, the details of the several branches of the soda manufacture as carried on 
in this country upon an immense scale. Starting from the commencement of the present century, 
the growth of the trade has been almost beyond belief. As nearly as possible 700,000 tons of 
salt per annum are worked up into sulphate, and the total statistics of the trade are probably 
about as follows : — 2,500,000 tons of raw material, pyrites, salt, chalk, timber, coal, manganese, 
&c., costing 2,000,0001., turn out finished products of the value of 3,500,0001., even at the 
depressed prices of the day. The value of the plant is about 4,500,0001., the numter of factories 
about 120, and the number of hands employed about 40,000. In these estimates the allied 
branches of hydrochloric acid and bleaching powder, &c., are included. 

Numberless other sources of soda have been proposed from time to time. Hunt and Gossage 
fluxed salt cake with small coal, lixiviated the sulphide of sodimn cake obtained with water, and 
passed into the solution, heated with steam, a current of carbonic anhydride. Carbonate of soda is 
produced which may be crystallized out from the cooled liquors, and purified by dissolving and 
recrystallizing. The sulphide of sodium cake is, however, a material difficult to make, and 
uncertain in character. A considerable amount of soda is lost by volatilization, and the wear and 
tear of the plant is very great. The burning of the sulphuretted hydrogen evolved, and utilization 
of the sulphurous acid thereby produced for the manufactme of sulphuric acid, has been only a 
failure. It has been proposed in several patents to obtain sulphide of sodium in the manner 
described, and to manufacture caustic soda from it by the oxides of iron, manganese, zinc, or 
copper. Here, again, the sulphide of sodium difficulties have been insuperable. The decompo- 
sition of salt by silica and steam, by electricity, by superheated steam, and various other agencies 
has formed a series of interesting but practically unsuccessful experiments upon a more or less 
large scale. The most likely process, excepting the ammonia method described above, consists in 
the extraction of soda from felspar, cryolite, and other minerals. Of the many patents bearing upon 
this idea, that of Julius Thomsen (1850), has been the most successfully worked. Cryolite is 
crushed to powder and mixed with slaked lime, or powdered chalk in large excess. These materials 
are then calcined at a gentle heat, for about two hours, fusion being especially avoided, and the 
resulting white powder is lixiviated by water. A solution of soda and sodium aluminate is obtained 
standing about 28° B. This is transferred to cylinders fitted with agitators, and a stream of pure 
carbonic anhydride passed in, which converts the soda compounds into carbonate, freeing alumina. 
The following equation represents, roughly, the reaction : — 

2 (NajA 103 ) + SCO, = 3NaCO, + A1,0,. 

The liquors are run off, the alumina is settled out, and the soda solution boiled down and 
calcined. 

If caustic soda be required, about 15 equivalents of lime are added to 2 equivalents of cryolite, 
producing caustic soda, aluminate of lime, and fluoride of calcium. The decomposition is usually 
performed in a large upright cylinder of cast iron, heated by steam to boiling point. The mixture 
is thoroughly agitated and boiled for about three hours, and then settled, evaporated, fished, and 
calcined. Carbonate of soda may be obtained by this latter, wet, method also, by treating the 
liquors from the decomposers with carbonic anhydride, settling and calcining. About 20,000 tons 
of cryolite and allied minerals are annually consumed by this process. 

It only remains to glance at some of the modifications and improvements of the soda manu- 
facture which are engaging the attention of manufacturers. The discovery of enormous salt deposits 
in the Cleveland district has for many years past excited among the Tyne manufacturers the 
hope of procuring their supplies of salt nearer home than at present. Considerable sums of 
money have been spent by Messrs. Bell Brothers and Bolckow, Vaughan, and Company, in turning 
this discovery to practical account; but hitherto the nature of the deposits — the necessity for 
making an artificial brine, and the great depth at which the salt lies — h^ vetoed all attempts. 
Doubtless, before many years are past, unless the use of salt is superseded, more perfect 
mechanical contrivances than have yet been applied, will bring the Cleveland deposits into active 
competition with the brines of Cheshire and Worcestershire. 
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The salt questiun leads naturally to the consideration of a process that has been on its trial for 
many years with only a limited success — ^the ammonia soda process. So long ago as 1838, Harrison, 
Grey, Dyar, and John Hemming patented the use of ammonia in the production of soda, and since 
that time many specifications have been filed, having as their object the bringing of the discovery 
to the test of practice upon a large scale. The patents of Delaunay, Young, Holland, Gossage, 
Schliissing, Deacon, and finally Solvay may be mentioned. All but the last named have failed to 
command even a moderate degree of success, owing to the delicate nature of the manufacture and 
the costly character of the materials employed. The simplicity of the process has, however, always 
tempted fresh investigators into the field, and to Solvay belongs the honour of finally establish- 
ing the manufacture upon something hke a large scale. Solvay’s first patents were taken out 
in 1861 and 1863. Previously to that time works had been established in Cheshire, at Widnes, 
Leeds, and Newton, in this country, by Messrs. Deacon, Gossage, Bowker, Muspratt, &c. ; also near 
Nancy and at Puteaux upon the Continent. The Turck process was adopted at Nancy, and at 
Puteaus, Schlossing carried out his ideas assisted by Holland, a scientific engineer. Solvay’s works 
were first erected about the year 1866, at Couillet, in Belgium. About 1872, a second establish- 
ment was set up at Varangeville-Dombasle, and both works have been recently enlarged, the total 
output reaching about 25,000 tons per annum — 20,000 tons at Varangeville-Dombasle, and 
5000 tons at Couillet. In England the only works in active operation are those of Brunner, Mond, 
and Co., at Northwich and Sandbach. At these two works, the turn-out of carbonate is about 
10,000 tons per annum. 

The process is founded upon the well-known laboratory reaction, that when carbon dioxide is 
passed into a solution of common salt and ammonia, bicarbonate of soda and chloride of ammonia 
are formed 

NH3 -f- COj -f NaCl + HjO = NH^Cl + HNaCOj . 


Or, in shorter form, bicarbonate of ammonia and chloride of sodium in solution produce bicarbonate 
of soda and chloride of ammonium. The former is decomposed by heat to yield neutral carbonate, the 
latter is, or may be, distilled with lime or magnesia, the ammonia recovered, and used over again. 
As a matter of fact, however, this part of the process has practically broken down, and, in the English 
works at least, has been abandoned. At the best a serious loss of ammonia is incurred, which tells 
fearfully against the costs. A thoroughly good article is undoubtedly produced, as the following 
analysis shows : — 


Carbonate of soda 99 ‘40 

Moisture 0-15 

Silica O' 10 

Chloride of sodium O' 13 


Iron and Alumina O' 03 

Lime O' 13 

Magnesia O' 06 


In this respect, the ammonia soda certainly has the advantage over the ordinary carbonate, 
which contains up to 7 or 8 per cent, of sodium sulphate, 0 ' 25 of chloride of sodium, and 1 per cent- 
of caustic soda. It is, moreover, claimed for the process that the noxious exhalations of the 
Le Blanc manufacture are avoided, that there is little or no waste product to encumber and render 
offensive the land in the neighbourhood of the works, that the purity of the article and its freedom 
from caustic soda render unnecessary the manufacture of refined alkali and soda crystals, and that 
the absence of iron and sodium sulphate peculiarly fit it for fine glass-making. There is a great deal 
of truth in all this, but a good deal may be said on the other side. For many purposes, e.g. in the 
soap manufacture — the presence of sulphate of soda is a positive advantage and must be actually 
added if the ammonia soda is used. Where an article free from the ordinary impurities of soda 
ash is required, it can be produced in the form of refined alkali or soda crystals at a cost that is, 
stUI, lower than that of ammonia soda. Moreover, the attendant evils of the Le Blanc process, are 
capable of regeneration. Much has lately been done in this way, and much more will yet be accom- 
plished. The present plant from its very roughness of structure is easily put right when any little 
mishap occurs, whereas the constant breaking down of the more delicate parts of the ammonia soda 
process seriously enhances the costs of the product. Upon this question of costs it may be stated 
that a ton of the purest alkali of the Le Blanc process — refined alkali — costs 6/. 10s., against 
81. 5s. of the ammonia process, so that even allowing for the difference in strength — 53 per cent, 
against 58 per cent. — there is still a considerable margin in favour of the former. The further 
consideration that the ammonia soda is a purer, as well as a stronger article, only lessens, does not 
remove, this disparity. 

To sum up the whole : — Probably the ammonia soda will gradually supersede the refined alkali 
of the Le Blanc process. But this covers very little ground. Soda ash, crystals, and caustic soda, 
will probably hold their*)wn against the new comer. And it must be remembered that improve- 
ments are daily being made in the old method. Weldon’s manganese recovery process, Hargreaves’ 
direct method of sulphate manufacture, revolving ball furnaces, and various other processes and 
improvements have done very much in the way of reducing costs and utilizing waste products. 
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The arrangements of the ammonia process differ in the Tarions works. The best method, 
perhaps, is to introduce the saturated solution of common salt, testing 23° or 24° Tw., into a 
vessel fitted with a false bottom and saturate it with ammonia. A considerable amount of heat is 
generated, and the solution has to be cooled by a worm or any other convenient apparatus. It is 
then transferred to the absorbers — ^huge cylinders some 30 feet or so high — and a stream of carbon 
dioxide, obtained from limestone in the usual way, and washed, is introduced near the bottom. 
The liquid when saturated is drawn off, the bicarbonate of soda separated by filtration, washed, 
and passed down a tower where it meets hot air or steam and is converted into the neutral 
carbonate. The disengaged carbon dioxide is conveyed to the absorbers. 

Utilization of Tank Waste . — Of all the evils and difficulties of the Le Blanc process, perhaps 
the greatest has been the enormous waste residue from the lixiviating vats, and how to deal with 
it. That it contains substances of great value has always been a patent fact, and many attempts 
at its utilization have been made. The most notable are the manufacture of hyposulphite of soda, 
and the various processes for the recovery of sulphur. The former will be treated of under the 
head of Hyposulphite of Sodium. It may, however, be mentioned here, that the demand for 
hyposulphite is so limited that only a small portion of the tank waste produced can ever be em- 
ployed in its production. Only a portion, too, of the sulphur compounds in the waste, which form 
the objectionable drainings from the heaps termed “ yellow liquor,” are destroyed in the process. 
The regeneration of the sulphur has been dealt with in the patents of Gossage, Delamure, 
Kopp, Losh, Noble, Favre, Spencer, Mond, Leighton, Schaffner, Hoffman, Fowler, Duolos, Bell, 
Jullion, Mactear, and others too numerous to mention. Only four, however, those of Mond, 
Schaffner, Hoffman, and Mactear, have been worked with anything like success, and these only 
need be mentioned. 

The process of Mond, patented in 1863, is the best known, and is as follows In addition to 
the tanks in ordinary use for lixiviating, one-and-a-h.alf times as many more are provided. That 
is to say, six extra tanks for every set of foiu-. In these extra tanks the waste is exposed to a 
strong current of air, forced through a false bottom with which the tanks are provided. This 
current is produced by any convenient form of fan blast, and is passed through the waste for a 
period of from twelve to eighteen hours, depending upon the quality and texture of the material. 
During the oxidation process the temperature rises to about 140° (220° F.,) and clouds of 
steam are given off. The surface of the waste becomes covered with bright yellow spots, their 
appearance being a guide to the workman as to the progress of the operation. • Weak liquor from 
a previous lixiviation is then run upon the waste for eight hours or so, until, starting at about 18° 
Tw., the density falls to 10°. Water is then run on, and the product collected as weak liquor to 
be used for the next tank. This process of blowing and washing is repeated three times, the 
quantity of strong liquor obtained being less each time. If the operation be conducted in the 
ordinary tanks, a sufficient number of extra ones not being provided, only two blowings and washings 
can be got through, but the waste is then anything but exhausted. Any of the sulphur liquor left in 
the tanks, too, spoils the ball lixiviation. The liquors from the bleaching operation consist of 
sulphide, sulphite, and hyposulphite of lime, together with small proportions of similar sodium 
compounds. They are allowed to settle thoroughly in a series of tanks, and then run into a wooflen 
vessel lined with lead, some 10 ft. in diameter, and 5 ft. deep, treated with weak hydrochloric acid 
from the condensers, and heated to 65° (150° F.) with steam. Viewed in the simplest possible 
fonn, the following reaction takes place ; — 

2CaS -I- CaSjO, + 6HCI = 3CaCl„ + 3H,0 + 4S. 

The quantity of hydrochloric acid must be carefully gauged— continued till just a faint smell 
of sulphurous acid is apparent — and the contents of the “ tub ” must be well agitated from time to 
time. The liquors are next run into tanks where the freed sulphur settles out, and is washed, 
dried, and melted— usually by Schaffner’s process, of which some further notice will be given. 
Ingenious though this extraction method is, and successful in so far as it deprives the tank waste of 
those constituents which make it an absolute nuisance, it must be confessed that it does not repay 
the expenditure upon plant, and the trouble of carrying out a delicate operation. It is, however, 
carried on to some considerable extent by manufacturers who, from the situation of their works, 
are specially compelled to guard against nuisance. Unless carefully watched, both in the oxidizing’ 
and decomposing operations, an appreciable amount of sulphuretted hydrogen is given off. The 
average amount of sulphur recovered is two-fifths of the total amount in the waste. 

Schaffuer’s process is, in the matter of oxidation, very simUar to Mond’s, except that the waste 
is first separated into small heaps in the open air and left to natural oxidation for some weeks. 
After lixiviation of the heaps the residue is again oxidized by mechanical^means, and this time in 
the tanks in which it has been lixiviated. After a second lixiviation, the operation of blowing and 
washing is a third time performed. The liquors, containing polysulphides and hyposulphites are 
run into a pair of stone or cast-iron cisterns, and treated with hydrochloric acid. The polysulphides 
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are first decomposed and converted into chlorides, with liberation of snlphnr and sulphuretted 
hydrogen. The hydrochloric acid so far is run only into one of the cisterns. After decomposing 
the polysulphides the acid acts upon the hyposulphites, freeing sulphur and, now, sulphurous acid. 
The latter passes over into the second cistern and converts all the sulphur compounds of the liquor 
contained therein into hyposulphites. The contents of the first cistern are freed from sulphurous 
acid by blowing in steam, and are then run off from the bottom and a fresh charge of yellow liquor 
is introduced. The hydrochloric acid is now run into the second cistern. Sulphur is freed and 
generated, the latter returning sulphurous acid to No. 1 cistern, and converting the polysulphides of 
the fresh liquor into hyposulphites. So, after tbe fii-st operation, the process is continuous, sulphur 
and sulphurous acid being only freed, the former drawn off with the liquor and the latter returning 
to the other cistern to act upon the sulphides. The liquor drawn from the cisterns contains 
besides the freed sulphur, calcium chloride, sodium chloride, and calcium sulphate. The sulphur 
is freed by filtration and washed. The purification of the product has already been mentioned when 
speaking of Mond’s process. A cylinder of cast-iron is enclosed within an outer cylinder of 
wrought iron, with a small space between, the whole being inclined at an angle of some 15°. The 
washed sulphur, mixed with a little water and milk of lime, is introduced into the inner cylinder, 
and steam at a pressure of 1 J to 2 atmospheres blown into the space between the cylinders. Finally 
entering the inner cylinder, through the charging door, it melts the sulphur and passes off through 
an exit pipe loaded with a suitable safety valve. A mechanical stirrer, revolving with the axis of 
the cylinder, materially assists in the melting operation. The fused sulphur collects in the lower 
part of the cylinder and is run off into moulds. The supernatant, lighter liquor is then run to 
waste. The addition of lime is made to neutralize any .acid there may be in the mixture of sulphur 
and water. This process is exceedingly ingenious, and doubtless Mond has drawn a great deal 
upon it. Owing, however, to imperfect oxidation, only about one-half the total sulphur contained 
in the waste is regenerated. 

Hoffman’s process is, so far as the oxidation of the tank waste is concerned, exactly similar to 
Schaf&ier’s. The yellow liquors, however, are treated with waste still liquor (chloride of iron and 
mangauese\ the free acid and chloride of iron decomposing the sulphides and hyposulphites. The 
first resulting sulphuretted hydrogen is burned, while the sulphurous acid converts the poly- 
sulphides into hyposulphite. Since the adoption of Weldon’s process for the recovery of 
manganese from still liquors, Hoffman’s process has been abandoned. 

The last process to be mentioned is that of Mactear, of the St. Eollox Works. It depends 
upon the decomposition of the sulphides of calcium of the tank waste by hydrochloric acid in the 
presence of sulphurous acid. The drainings from the tank heaps, or the waste itself (old or new) 
ground into a milk with water, are treated with a solution of sulphurous acid in water, and 
hydrochloric acid. The sulphurous acid solution is obtained from the combustion of pyrites, or refuse 
sulphur, the product being passed up wooden towers packed with coke, down which a stream of 
water is run. The solution mixes with the yellow liquors on its way to the decomposing vessel, 
the polysulphides are converted into hyposulphites, and the whole is treated with hydrochloric 
acid with the result already described when describing other processes for the regeneration of 
sulphur. During decomposition the temperature is kept at 63° (145 F.) by passing in steam. 
Mactear’s process certainly has the advantages of a more perfect purifying of the waste, and 
a lower cost of sulphur over its rivals. The detailed cost of one ton of sulphur is as follows : — 



Quantity. 

Cost. 

Pyrites sulphur 

Salt 

Vitriol 

Coal 

Eepairs 

Wages 

cwt. qrs. lbs, 

8 0 25 

35 1 18 

29 3 27 

114 2 7 

'* 

.. 

16’’03 

28-33 

45-00 

25-20 

4-00 

38-50 

Deduct sulphate of soda .. 

39 0 21 

157-06 

96-01 

Net cost of 1 ton of sulphur 



61-05 


A plant to produce 30 tons of snlphnr per week costs about 20001. Mactear states that he 
obtains about 90 peAent. of the sulphur contained in the waste, or drainings, using the one or the 
other as may best suit — when the drainage is plentiful old waste, when small the fresher materiak 
Acetate of Sodium . — See Acetic Acid and salts. * 
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Arsenate of Sodium . — This salt is used to a considerable extent in calico-printing, as a “ dung ” 
substitute. Formerly the dunging, or fi.ring of the mordants, was accomplished by passing the 
cloth, after being dried, through a bath of cow-dung, the alkaline quality of which nentralized the 
acid of the mordant, and promoted its fixation. The exceedingly variable quality of cow-dung, 
however, led to various attempts after substitutes, and those now most commonly used are the 
arsenate, arsenite, silicate, and phosphate of sodium, or a mixture of these salts. Arsenate of sodium 
is prepared by fusing white arsenic with sodium nitrate. The arsenious acid is first dissolved in 
caustic soda, and the arsenite formed. Nitrate of soda is then added, and the mixture heated in a 
reverberatory furnace to dryness, with evolution of ammonia and nitric oxide. 

These dung substitutes are better in every way than the old material. They not only “ cleanse ” 
the cloth, but throw down the metallic base of the mordant, neutralizing the acid. The arsenite 
enters into the composition of certain “ ageing ” liquors. 

Messrs. Eoberts, Dale, and Co. prepare alkaline arsenates by adding a solution of arsenic acid to 
nitrate of potassium or Sodium. 

Borates of Sodium . — See Borax. 

Chloride of Sodium . — See Salt. 

Myposulphite of Sodium . — This salt is an article in somewhat limited demand for paper-making, 
photographic and printing purposes. In paper-making it is used to discharge the bleach from the 
pulp, going by the name of “ antichlor.” In printing, it forms a red mordant with muriate of 
alumina, hyposulphite of alumina being produced. When the mordanted cloth is heated, the 
alumina is precipitated with liberation of sulphur and sulphurous acid. 

There are several ways of procuring hyposulphite of soda. Very fine crystals may be obtained 
by passing sulphurous acid gas, well washed, into a strong solution of sodium carbonate, forming 
neutral sulphite of soda, and then digesting the solution with sulphur at a gentle heat. Upon a 
fairly large scale, the usual method of manufacture is the following : — Tank waste is exposed in 
small heaps to the influence of the air for about a fortnight, the heaps being turned over occasionally. 
The sulphide of calcium is thereby converted into hyposulphite. The heaps are then thrown into 
small wooden tanks and treated with water. The dissolved hyposulphite of calcium is drawn off 
and agitated with a quantity of impure carbonate of soda — ^refuse soda ash, or the sweepings of the 
alkali houses, &c. The hyposulphite of calcium is thereby converted into hyposulphile of sodium, 
calcium carbonate being precipitated. The hypo-solution is pnmped up into a wrought-iron pan about 
15 ft. long, 3 ft. deep, and 5 ft. wide, heated by an imdemeath fire. Here it is concentrated and run 
into deep iron pans to cool. An impure sodium hyposulphite crystallizes out, which is removed and 
dissolved in the mother liquors of the succeeding crystallization. This solution is concentrated and 
again crystallized. The hyposulphite now separates out in clearer and almost colourless crystals. 
They are, however, redissolved, the solution concentrated in a small open pan, filtered through 
cloths, and run into small circular glass basins ranged upon long wooden benches. Here pure, 
colourless, transparent crystals form. The basins are then inclined so that the mother liquor falls 
into a spout running below the bench, and after being left for a while to drain, the crystals are 
removed to the drying house, heated by a hot air flue running underneath a series of eloping 
benches. Here they are dried at a gentle heat, and packed into casks holding from 1 to 5 cwt. If 
the final crystals dry with an opaque yellowish appearance, they are returned to the second dis- 
solving stage. For paper-making purposes, a sufiiciently good article may be produced from the 
second ciystallization, in iron vessels. In place of the glass basins described, square wooden boxes 
lined with sheet indiarabber may be used, or smaE wrought-iron basins. Upon the whole, 
however, the glass crystaUizers are the best. 

A modification of this process has lately been introduced, consisting in the treatment of tank 
waste liquor, or red liquors, with sulphurous acid obtained by the combustion of pyrites. The 
sulphurous gas is passed up a wrought-iron tower packed with coke, down which the liquors are 
run. This process yields a cheaper product, and is therefore upon the whole to be preferred. The 
older method has been abandoned on account of its high cost — caused principally by the ^eavy 
repairs of pans, &o., and the limited demand for the salt. About 10 tons per week are being made 
at the present time in Liverpool, by the sulphurous acid process. 

A third process that has never been worked upon any large scale, consists in reducing sulphate 
of s(^a to sulphide by calcination with coal, lixiviating the product and passing sulphurous acid 
gas into the settled solution. The sodic hyposulphite is then crystallized out by concentrating and 
cooling. 


Iodide of Sodium. Nal.— This interesting salt is contained in the mother liquors of kelp. Its 
preparation is similar to that of the corresponding potassimn salt It crystallizes from aqueous 
solutions at 20° in anhydrous cakes. At lower temperatures, the crystals presort the appearance of 
rhombic piisrns, and contain two equivalents of water of crystallization. 'WTien heated, the hydrated 
ciystals melt in their water of crystallization and become anhydrous. At a high temi)erature the 
salt volatilizes, giving off a portion of its iodine. The crystals are deliquescent, and readily soluble 
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in water, 100 parts at 14° dissolving 173 parts of salt. The following table gives the different 
densities of varions solutions at 19- 5°. 



Quantity of Nal in 100 

Gravity of 



parts of Water. 

Solution. 



24'5 

1-1752 



50'2 

1-3362 



79-4 

1-4962 



115'6 

1-6659 



149-7 

1-8047 



Iodide of sodium forms a source of iodine. It is occasionally used in dyeing and printing, but 
the colours formed are all more or less unstable. 

Nitrate of Sodium. (Fb., Nitrate de Soude ; 6eb., Wurfelsalpeter.) Formula, NaNO,. Synonyms, 
nitre, cubic saltpetre, ChUi, or Chili saltpetre. — ^Nitrate of sodium occurs very largely as a natural 
product, chiefly in South America. Large beds of it, many feet in thickness, associated with 
gypsum, common salt, sulphate of sodium, &e., are met with, extending 40 leagues at one stretch. 
The richer deposits lie about 2 ft. below the surface of the ground, and are covered with “costra,” 
a hard rocky formation of somewhat similar constitution to the crude nitrate of soda below, and 
utilized to some extent in the manufactiue. The nature of the salts, and remains of old shells, 
point to a time when the land was submerged in the ocean, or some huge inland salt lake. From 
the method of deposition, it will be readily understood that the constitution of the crude salt — 
“ caliche ” — varies widely. It has been found in the natural state as pure as the following : — 
94-3 per cent, of nitrate of sodium; 2 per cent, of chloride; 0-2 sulphate of potassium ; 0-4 nitrate 
of potassium; 0’9 nitrate of magnesium; 2 water, and 0-2 insoluble matter. About an average 
sample will test as follows : — 


Nitrate of sodium 43 "00 

Sulphate of sodium 26 '00 

„ calcium 2 '00 

„ magnesium trace 


Chloride of sodium .. ,. ., 16‘00 

Iodide of sodium O' 69 

Insoluble 7'0O 

Water 5 '50 


Nitrate of sodium crystallizes in obtuse rhombohedra, whence its name of cubic saltpetre. Its 
speciflc gravity is 2 '24. It is hygroscopic, and readily soluble in water ; in 1 '25 parts at 0° C., in 
I - 136 parts at 18 '75°. According to Schiff the composition of solutions of various densities and 
at 20-2° is as follows; — 



Specific Gravity. 

Percentage of 
Nitrate. 

Specific Gravity, 

Percentage of 
Nitrate. 

# 

1-0342 

WBM 

1-1478 

20-66 


1-0698 


1-2326 

30 'S9 


1-1075 


1-3806 

46-48 


The salt is also soluble in alcohol, the solubility decreasing rapidly with an increase in the 
strength of the solvent. Thus spirit containing 10 parts of alcohol in 100 dissolves 39 '5 parts of 
nitrate, but with 80 parts of alcohol only 2*7 parts of nitrate are foimd in 100 parts of spirit. At 
about 310°, nitrate of sodium fuses, solidifying upon cooling to a white mass. At a strong red heat, 
oxygen gas is given off and then free nitrogen, the salt being reduced flrst to nitrite, and finally to 
a mixture of protoxide and peroxide. It deflagrates with charcoal and other combustible bodies, 
but somewhat slowly. 

Commercial nitrate of sodium is obtained horn the caliche in the manner already described when 
treating of the potassium salt — by lixiviation in boiling water, concentration, and crystallization. 
As usually brought into this market, it contains from 92 to 97 per cent, of nitrate, with from 1 to 
2^ per cent, of sodium chloride, a little sulphate of soda — occasionally iodide and iodate — lime, 
magnesia, and water. To obtain really pure crystals, the commercial salt is crushed and heated 
with nitric acid. The chlorides present are thereby destroyed, and by dissolving and recrystallizing 
perfectly pure nitrate separates out. 

The Peruvian and ^Uian deposits are practically inexhaustible, sending out about 300,000 tons 
of commercial nitrate pw annum. Probably the plant and apparatus now established could readily 
double the produee if desirable. The price varies very much with the state of the freight market, 
and with a constantly renewed threatening on the part of the Peruvian Government to impose a 










316 


ALKALIES. 


heavy duty upon the trade. At the present time the market value is about 131. per ton. England 
and France are the largest consumers of nitrate, taking about one half the total production. 

The uses of this salt are many and important. From it is made the hulk of nitric acid, being 
preferred to nitrate of potash on the score of cheapness, and because it produces about 7 per cent, 
more nitric acid weight for weight— 60 as against 53. To some small extent sodium nitrate takes the 
place of potassium nitrate in the manufacture of explosives, but on account of its hygroscopic 
propensity and slow deflagration it forms but a poor substitute for the more energetic potassium 
salt. It is very extensively employed as a fertilizer, and in the artificial preparation of nitrate of 
potassium by decomposition with chloride of potassium in the manner described elsewhere. 
Perhaps the greater part of the salt is consumed by the manufacturers of sulphuric acid in the 
“ potting ” operation. Finally, it enters to some small extent into certain medicinal preparations. 
It may be mentioned that as a manure the virtue of nitrate of sodium lies in the nitrogen, of 
which about 15 per cent, is contained in good samples. It is principally used as a top dressing to 
grasses and young com. 

Phosphates of Sodium. — Several compounds of phosphoric acid and sodium are known. The 
principal are the subphosphate, the neutral phosphate, the pyrophosphate, and the metaphosphate. 
The first has Na^HPO^I- I 2 H 2 O as a formula, with a crystal density of 1 • 618. It is prepared from the 
neutral phosphate by adding caustic soda in excess to its solution, until a soapy feeling is apparent. 
The crystals effloresce in the air, are soluble in 5 parts of water at 15 •4°, and melt in their own 
water of crystallization at a higher temperature. The salt is not of much importance. 

The neutral phosphate is the best known compound of phosphoric acid and sodinm. From it 
the other phosphates are made, and it enters into a variety of medicinal preparations. Its formula 
is Na 2 HP 04 + 12 H 20 . Specific gravity of the crystals 1‘525; of the anhydrous salt, 1‘619. 
Phosphate of soda forms large colourless transparent crystals, which effloresce in the air, and are 
soluble in 4 parts of cold water. They fuse in their own water of crystallization at 37°. The 
solution has a faintly alkaline reaction. The best method of preparation is to treat powdered 
bone ash with about four-fifths its weight of dilute sulphuric acid, and neutralize with sodinm 
carbonate until a faint alkaline reaction is visible. The solution is then concentrated, the 
insoluble phosphate of calcium settled out, and the clear liquor run into suitable vessels to cool 
•and crystallize. 

The pyrophosphate of sodium — Na^PjO;. specific gravity 1'836, and the metaphosphate 
— NaPOj — are of no interest outside of the laboratory. 

What is commonly called “ microcosmic salt,” a phosphate of soda and ammonia, is used to some 
considerable extent in laboratory operations as a flux. It crystallizes in large transparent prisms, 
which are efflorescent in dry air, and is prepared by mixing 2 parts of water, 1 part of ammonium 
chloride, and 7 parts of the neutral phosphate. Chloride of sodium is deposited, and the clear 
solution is drawn off, concentrated, and crystallized. 

Silicate of Sodium. — The soluble silicates, both of potash and soda' are of considerable import- 
ance in the arts and manufactures. They are all more or less soluble in boiling water, and when 
heated pass through a peculiar viscous stage before liquefying. Fused with other silicates of the 
earths or metallic oxides they impart this viscidity, also their transparency, aritl destroy all 
tendency to crystallization upon cooling. To these properties the transparency, and ductility of 
glass when cooling, are due. 

The silicates are prepared by igniting sand, or any other convenient form of silica, with caustic 
potash or soda, or with the carbonates or nitrates of these bases which contain volatile acids. A 
monosilicate is produced by fusing 1 part of silica with 2J parts of potassium carbonate. Tlie 
product deliquesces in the air, and is readily soluble in water. Treated with hydrochloric or nitric 
acid, the monosilicate parts with a portion of its silica in gelatinous flakes. What is commonly 
called “ soluble glass ” is a silicate with the formula Na^O, 4SiOj. This was the original silicate of 
Fuchs of Munich, who first published in the year 1825 a paper describing the preparation of various 
silicates of potassium and sodium, and the applications thereof. Soluble glass is prepared by melt- 
ing together 8 parts of sodium carbonate, or 10 parts of purified pearl-ash, with 15 parts of pul- 
verized quartz and 1 part of powdered charcoal. A black glass is obtained, after heating for five or 
six hours, which is cooled, pulverized, and boiled to dissolution with five or six times its weight 
of water for about three hours. The boiling is continued until a specific gravity of 1 • 26 is obtained. 
A voluminous gelatinous precipitate is produced — consisting of “ water glass ” — by adding to the 
solution ammonia, nitrate of sodium, and many other salts. Soluble glass is largely employed in 
fixing and preserving fresco colours, in the manufacture of various earthenwares, and in the preser- 
vation and preparation of stone. This last purpose, however — the production of artificial stone — 
has not been a success, on account of its high cost. ^ 

A double water glass, consisting of a mixture of potash and soda silicates, has received some 
considerable application. It is prepared by fusing together 100 parts of quartz and I2I parts of 



SODA. 


317 


BocheHe salt; or a mixtiire of quartz, nitre, and saltpetre; or, again, 100 parts of quartz, 28 
parts of pearl-ash, 22 of carbonate of sodium, and 6 of powdered charcoal. 

The silicates of sodium have been employed to a considerable extent as a dung substitute, in 
dyeing and printing. For this purpose the solution should be as neutral as possible. They have 
also been used to fix ultramarine blue and other pigments. The colour is well ground up with 
the silicate solution at about 90 Tw., and printed without any thickening. 

Stminate of Sodium. Formula, Na20,Sn0j. — Prepared by dissolving staimic acid in soda lye; 
this salt crystallizes out from the solution on heating. It is less soluble in warm than in cold water, 
100 parts of water dissolving 67'4 parts of the salt at 0° and 61 ’3 partsat 20°. There are several 
methods of preparation, the best being that invented by Toung. Native peroxide of tin is 
pulverized and fused with a solution of caustic soda. The mixture is thoroughly agitated, and a 
temperature of 516° (600° F.) kept up, the tin, or oxide of tin, combining giadually with the soda. 
When it is judged that the operation is complete, the contents of the pot are baled out into 
another vessel, cooled, broken up, and dissolved in water. The iron and other foreign metals being 
insoluble in the alkali readily settle out, and a clear solution of pure stannate is obtained. This 
may be used in the state of solution, or evaporated to dryness, or concentrated and crystallized. 

Another method of preparation is to heat 22 lb. of caustic soda in an iron crucible to a low red 
heat, then add 8 lb. of sodium nitrate and 4 lb. of common salt. When the whole is fluxed, 
10 lb. of block tin are introduced, and the mixture kept well agitated. It soon assumes a dark 
colour and thick consistency, with free evolution of ammonia — from partial decomposition of the 
water of the caustic soda and of the nitrate. Finally, the mass becomes red-hot. It is then baled 
out, cooled, broken up, and treated in the manner already described. 

A third method is to fuse tin ore with 1 J time its weight of sodium nitrate, and pass a current 
of steam over the mixture, which is kept in constant agitation. Nitric and nitrons fumes are given 
off and condensed. The stannate left in the pot is treated as before described. If chloride of 
sodium be substituted for the nitrate, hydrochloric acid is obtained as a bye-product. 

Haeffelj’s process for the production of sodium stannate may be finally noticed. Litharge 
(80 lb.), or red lead (54 lb.), is heated in an iron pot with about 45 lb. of 70° caustic soda in solu- 
tion, and suflBcient water or weak washings added to hold the stannate when formed in solution. 
Plumbate of lead is first produced, and in this is suspended 16 lb. of feather block tin. The lead 
precipitates presently as a spongy metallic mass, and stannate of soda remains in solution. When 
all the tin is dissolved, the contents of the pot are transferred to a suitable vessel, and the lead 
settled out. The clear solution is drawn off, and worked up into a pure stannate. The lead pre- 
cipitate is washed — the washings being put into the decomposing pot — and heated nearly to redness 
upon an iron plate. It is thereby oxidized, and re-converted into litharge or red lead. Instead of 
the lead compound, hydrated sesquioxide of iron, or binoxide of manganese, manganate of soda, or 
other oxidizing substances may be used. 

Stannate of sodium is largely used in the dyeing and printing trades, going usually by the 
name of “ preparing salts.” Its value and its applications depend upon its giving up stannic acid 
when an acid is mixed with it. The method of preparing the cloth is to pad it in a stannate solu- 
tion and then pass it through a souring bath. The sulphuric acid forms sulphate of soda with the 
base of the salt, and the stannic acid remains attached to the cloth. The value of stannate of soda 
depends upon the amount of tin which it contains. In the hydrated or crystalline salt, there should 
be 25 to 27 per cent, of water and no common salt. This latter substance is often added as an 
adulterant. 

Stannite of Sodium . — To prepare this salt 4 lb. of chloride of sodium, 13 J lb. of caustic soda, 
and 4 lb. of feathered block tin, are fused in an iron pot. The mixture is kept well stirred and 
boiled to dryness. Stannite of sodium is used in dyeing and printing to some slight extent. 

StUphate of Sodium. (Fn., Sulfate de Soude; Geb., Schtpefelsaures Natron.') Formula, NajSO,. 
Synonyms, Glauber’s salts, salt cake. — Sulphate of sodium was discovered about the year 1658, 
by Glauber. It occurs in nature in certain mineral waters — e. g. at Cheltenham — and in the 
minerals mirabilite and glauberite. The former is found in Spain, Hungary, Switzerland, Austria, 
and many other countries, also in lava, and as an efSorescenoe upon the Caspian steppes. 
Glauberite is a mixture of crystallized sulphate with gypsmn, and occurs in Spain, Bavaria, 
ChiU, &c. 

Sulphate of sodium when pure, crystallizes in right rhombic prisms, with either 8 or 10 
equivalents of water. The crystals eflJoresce in the air, and lose water. Heated, the salt fuses 
into a white solid, again becoming liquid at a red heat. The crystals are soluble in twice their 
own weight of cold water at ]5'5°,the solubility rapidly increasing with an increase of tempe- 
rature up to 33°. At Jjhat point, 100 parts of water dissolve 117 '9 parts of the salt, corresponding 
to 52 parts of anhydrous sulphate. Beyond 33°, the solubility decreases, and a portion of sulphate 
is deposited. At 100°, water dissolves its own weight of the salt. It is insoluble in alcohol. 
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Sodium sulphate is a bye-product in many chemical operations — in the preparation of nitric 
acid, sal-ammoniac and magnesium carbonate ; also in the slags from various glass processes. Its 
production by the action of sulphuric acid upon chloride of sodium, has already been set forth. 
Pure sulphate may be prepared in this way from pure materials, any excess of sulphuric acid 
being neutralized by carbonate of sodium, after dissolving the sulphate in water. The solution is 
then filtered, concentrated, and crystallized. A pure salt is also obtained from tlie evaporation 
of sea-water, in the process of Balard and Merle described when treating of potassium chloride. 
The magnesium sulphate and sodium chloride at a low temperature react upon one another, and 
produce magnesium chloride, which remains in solution, and sodium sulphate which crystallizes 
out. The bye-product obtained from the nitric acid and hydrochloric acid processes, called 
respectively “nitre cake,” and “salt cake,” is of very poor quality, containing large amounta of 
either free acid or free salt. A good Glauber’s salt is produced from the “ pan scales ” of salt 
works, by separating the sodium sulphate from the gypsum with hot water. The solution is con- 
centrated and run into shallow coolers of wood lined with lead. As soon as the liquors are cool a 
rod is drawn along the vessel. This causes small single crystals to separate out which afterwards 
grow into masses of fine needle-shaped prisms. The liquor is kept shallow to prevent the formation 
of too large crystals. On the other hand any violent agitation causes very small crystals to separate 
out — “ flour ” as they are termed. When the liquors are cold, the mothers are siphoned off, the 
crystals washed with cold water, and dried at a very gentle heat. 

Besides the enormous consumption of sulphate of sodium in the alkali manufacture, the salt is ' 
used in the production of various kinds of glass — chiefly bottles ; in certain medicinal preparations ; 
and, to some small extent, in dyeing and printing, to fix lead mordants preparatory to dyeing 
them orange or yellow. 

Tungstates of Sodium . — Several of these salts are well known, but only two possess any interest 
to the general reader— the neutral salt, Na^O, WO„ and an acid salt, SXajO, TWO,. The latter is 
prepared by fusing the neutral salt with tungstic oxide, and boiling the product with water ; or by 
fusing wolfram with one-third its weight of sodium carbonate. It forms large prismatic crystals, 
specific gravity 3 ‘8, containing 16 atoms of water of crystallization, and with a bitter sdline taste. 
The crystals efiloresce in dry air, giving off nearly all the water of crystallization and being con- 
verted into the anhydrous salt. It melts at a red heat and is readily soluble in water. 

The neutral salt is the tungstate commonly used. With two atoms of water, it crystallizes in 
colourless transparent rhombic tables, which have an alkaline reaction and bitter taste. The 
crystals do not efiSoresce, are soluble in 4 parts of cold water and half the quantity of hot, and in- 
soluble in alcohol. At a red heat, the water of crystallization is given off and a fused mass of the 
anhydrous salt is obtained forming a colourless liquid, which assumes a crystalline appearance 
when cold. 

Upon a fairly large scale, the neutral tungstate is produced from an ore of tungsten, called 
wolfram, found in considerable quantities in Cornwall, usually associated with tin ores. The mineral, 
a native tungstate of iron and manganese, is mixed with sodium carbonate, or salt cake, and thrown 
into a reverberatory furnace. The proportions vary considerably with the amount of wolfram present 
in the stone operated upon, which must be ascertained by actual analysis. The mixture is then 
regulated according to the chemical equivalents, about 10 cwt. forming an ordinary charge for the 
furnace. The batch is worked thoroughly after the manner of a sulphate furnace, soluble tungstate 
of soda, tin and manganese oxides, and silica being produced. When the charge is cooled, it is 
broken up and lixiviated with water in small wooden vats. Tungstate of soda is dissolved, drawn 
o£^ concentrated in iron pans, and crystallized. 

The chief use of this salt is in calico printing and dyeing, where it takes the place of stannateof 
soda to some extent. Its cheapness is, however, the chief recommendation. Some of the tungsten 
compounds give good colours, but they are exceedingly unstable. It has also received some appli- 
cation in rendering ladies’ dresses and other fibrous materials uninflammable. J. L. 

A l i K A lilMETBY . — ^Alkalimetry is the name given to the various processes by which the 
quantity of real alkali in alkaline salts and solutions is determined. As in the case of acidimetry, 
these determinations may either be made by gravimetric or by volumetric analysis. 

Gay-Lussac’s alkalimetric method is based upon a titrated solution of carbonate of soda with a 
corresponding solution of sulphmic acid. Instead of the carbonate, it is preferable to use caustic 
soda, in order to avoid the objectionable interference caused by the presence of carbonic acid. The 
indicator employed is a solution of litmus, made by digesting about 10 grammes of litmus in half a 
litre of distilled water for a few hours ; the clear liquid is decanted and kept in a small, tightly- 
corked wash-bottle, from which a few drops can be expelled when required. ^ A very small quantity 
of dilute nitric acid may be advantageously added to the solution, in order to produce a violet 
colour, which increases the sensibility of the indicator. 

The standard solution of sulphuric acid contains 49 grm. of real sulphuric acid per litre, and may 
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be made in the following way : — Thirty cc. of the pure acid, of Bp. gr. 1 ‘840, is dilated with water in 
a beaker, and the mixture is left to stand ; when perfectly cool, it is washed into a litre flask, and 
diluted to the eontaining-mark. The solution is next to be tested with a standard solution of car- 
bonate of soda, containing 53 grm. of the pure carbonate to the litre, carefully weighed and 
measured. Ten cc. of this latter solution is placed in a beaker with a little distilled water and a 
few drops of the litmus solution, and the acid is run in carefully and slowly until the point of satu- 
ration is reached. If more than 10 cc. be required, the solution is too weak ; if less, it is too strong, 
and it must either be strengthened or diluted, as the case may be, until 10 cc. of each solution exactly 
neutralize each other. In order to ensure perfect accuracy, larger quantities of the two substances, 
say 50 or 100 cc., may be employed, when the difference, if any, will be more readily detected. 

If it be preferred to use caustic soda instead of carbonate, about 42 grm. is to be dissolved in 
water (about 800 cc.) ; the above test is applied, and small quantities of water are added until 
equal volumes exactly correspond. All these solutions are kept in tightly-stoppered bottles. 

The method of procedure is as follows : — ^The necessary quantity of alkali being weighed or 
measured, as the case may be, it is diluted with distilled water in a flask, and enough litmus is added 
to produce a distinct, but not too deep, blue colour. The acid from the burette is then run in until 
the contents of the flask have been changed to a bright red colour. In order to expel the carbonic 
acid, the flask is boiled until the blue colour reappears ; the acid solution must now be run in, a few 
drops at a time, with continued boiling, until, by the addition of a single drop, a distinct pink colour 
is produced. In order to obtain a very accurate result, it is well to run in an excess of acid, boil 
the liquid well, and then add, drop by drop, the standard alkaline solution until the liquid suddenly 
changes from pink to violet blue. The quantity of the alkaline solution required to effect this 
change is subtracted from the volume of acid originally run in, and the exact volume of standard 
acid required to neutralize the amount of alkali previously taken from analysis is thus determined 
at once. 

It will be readily seen that the converse of this process may be applied to the estimation of the 
amount of acid contained in acid liquids or mixtures (see Acidimetry). 

Mohr reconunends the use of oxalic acid instead of sulphuric or hydrochloric, because it is more 
readily weighed than a liquid, and because its solution may be kept for a much longer period than 
these without undergoing change in strength. The weight required is 63 grm. per litre of water. 

In making determinations of the quantity of alkali contained in samples of crude carbonate 
of potash and soda by gravimetric or weight analysis, the apparatus used in acidimetry, and 
shown in Fig. 2, may be employed. The weighed carbonate is dissolved in warm water 
in the flask A, and a quantity of acid, more than suflicient to neutralize the alkali, is placed in the 
short tube in the interior. The apparatus is then weighed, and the tube d closed by a plug 
of wax : the flask is tilted gently, so as to cause the acid to flow into the flask upon the carbonate. 
Carbonic acid is thus evolved, and the apparatus should be gently warmed until the evolution of 
gas completely ceases. When this is the case, the plug is removed, air is drawn through, and the 
whole is again weighed. The loss indicates the quantity of carbonic acid evolved, from which the 
amount of real carbonate contained in the sample may be calculated at once. The acidity of 
the solution, at the conclusion of the test, should be determined by adding a drop of litmus solution ; 
if it be not acid, more acid must be added, and the operation repeated. 

The apparatus devised by Fresenius and Will, and shown in Fig. 3, may also be em- 
ployed in making alkalimetrical estimations. It is used in precisely the same way as in acidi- 
metry. The alkali to be tested is carefully weighed, and dissolved in water in the flask A ; con- 
centrated sulphuric acid is placed in the flask B, and the apparatus is accurately weighed. After 
closing the end of the tube c, suction is applied to the tube a, so as to draw over a small quantity 
of air from A into B through the tube b ; on withdrawing the lips, the pressure of air forces a little 
of the acid over into A, by which means the alkali is decomposed. This is continued until the 
evolution of carbonic acid ceases, when heat is applied gently for a few moments. Air is then 
drawn through, and the apparatus is cooled and weighed. The loss in weight gives the amount of 
carbonic acid evolved, as in the previous case. 

Works for reference: — Fresenius’s ‘Quantitative Analysis’; Sutton’s ‘Volumetric Analysis.’ 

A T. T.Q YS. — Alloys are compoimds of two or more metals ; thus brass is an alloy of copper 
and zinc, type-metal an alloy of lead and antimony, bell-metal and gun-metal alloys of copper and 
tin. Although there are fl%-one metals known to the chemist, only a comparatively small number 
have been largely used for industrial purposes. Every alloy may, however, be regarded as a new 
metal, since it generally possesses properties entirely different from those of the metals of which 
it is composed. Hence, as the properties resulting from the combination of two metals rarely 
represent the mean ofAhose metals, it is impossible to foretell the nature of a new alloy, and it is 
therefore probable that such combinations may be made as will adapt themselves to every 
imaginable want created by our advancing civilization. Only a few hundred alloys have been 
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prepared up to the present time, and only about sixty have really been carefully studied, although 
there is scarcely a limit to the number which might be made ; so that there is yet much to be learnt 
on this interesting and important subject. 

Al l true alloys consist of compounds of metals in their definite chemical proportions ; it is, how- 
ever, a matter of some difficulty to obtain them in a separate state, owing to the readiness with 
which they dissolve in the excess of that metal wliich may happen to preponderate. There are 
some alloys also in which the constituent metals seem to be merely mechanically mixed, but 
these are exceptions rather than the rule. Alloys possess the properties which are characteristic 
of metals, such as metallic lustre, conductivity of heat and electricity, and, in a greater or less 
degree, malleability, ductility, and tenacity. The specific gravity of an alloy appears to depend 
upon the amount of Cohesion or attraction exerted by the constituent metals for one another, and to 
bear no reference whatever to the high or low specific gravity of those constituents in their free 
state. The specific heat of alloys was found by Kegnanlt to be very nearly the mean of the specific 
heats of the constituents. The following rule for obtaining the specific heat of alloys gives a very 
close approximation to the figures obtained by actual experiment : — ^Multiply the specific heat of 
each constituent into the percentage amount of it contained in the alloy, and divide the sum of 
the products by 100. Alloys are not as a rule such good conductors of heat and electricity as the 
metals of which they are made. Their fusibility does not at all depend upon that of their consti- 
tuents, but is generally greater ; thus the melting point of tin is 230° 0. and that of lead 331° C., 
whereas a compound of 5 parts of tin and 1 part of lead melts at 194° C, and a compound of equal 
parts of both metals melts at 211° 0. The ductility of alloys is usually slightly less than that of 
their most ductile constituent, and their hardness is greater than the mean hardness of both or all 
the metals. The tenacity of an alloy is often much greater than that of either of the metals alone. 

To make an alloy, the metals must be melted together. This operation may be carried on in 
an earthenware crucible when very small quantities are being operated upon ; but when large 
masses of metal have to be dealt with, as in the case of statues, &c., a reverberatory furnace must 
be employed to effect the melting. As a rule, the least fusible metal is placed in the crucible first, 
unless it be in very small quantity and will dissolve readily in the other metal, in which ease it 
goes in last ; and if, as in the case of zinc, the volatilization of the metal be extremely rapid, it is 
introduced only the moment before the fused mass is ready to be poured into the mould or other 
receptacle. The order in which the metals are melted has a material effect upon the nature of tire 
resulting alloy, for it has been proved by experiment that the latter often possesses different 
properties when the mixing has taken place in a different order. The fused metals should be kept 
thoroughly well stirred up until the mixture is complete ; otherwise the heaviest metal will sink to 
the bottom of the mass, and the alloy will not be of uniform composition. This contingency is 
sometimes avoided by melting the mass a second time. When three metals have to be united 
together, they should first be melted in pairs, and afterwards together. 

The following are some of the most important alloys which have yet received an extensive appli- 
cation in the arts and manufactures. 

Aluminium Bronze. — This alloy is composed of 90 parts of copper and 10 parts of aluminium. 
It is a definite chemical compound, and was discovered by Dr. Percy. It was manufactured for many 
years at Washington, near Newcastle, by J. L. Bell, who obtained it by melting the copper in a 
crucible made of plumbago or some other highly refractory material ; the correct proportion of metallic 
aluminium was added to the melted copper, the two metals uniting with evolution of intense 
heat. Aluminium bronze is of a yellow colour, resembling gold ; it is extremely hard and tenacious, 
and possesses great malleability and strength. It is admirably adapted for the working parts of 
machinery where great durability is required, and has a power of withstanding compression nearly 
equal to that of the best steel. Aluminium bronze containing 10 per cent, of aluminium possesses 
the maximum degree of hardness, strength, and tenacity ; a larger proportion of aluminium renders 
the alloy weak and brittle. It has a specific gravity of 7 ’68; the weight of a cubic inch is 0 • 276 lb., 
and the tensile strength 32 tons per square inch. 

Bell-metal.— An alloy of copper and tin in proportions varying from 3 to 5 parts of copper to 
1 part of tin. It is of a yellowish-grey colour, hard, brittle, and sonorous, and exhibits a fine-grained 
fracture. Cooled suddenly from a red heat, it becomes soft, but regains its hardness after being 
re-heated and cooled very slowly. Small house-bells are usually made of an alloy of 2 parts of 
copper with 1 part of tin ; but for larger bells a higher proportion of eopper is needed. 

The larger the proportion of eopper in the alloy, the deeper and graver is the tone of the bells 
formed from it. The addition of tin, iron, or zinc causes them to give out a sharper tone. Where 
the quality of the tone is the chief object sought after, care must be taken to employ only commer- 
cially pure copper. The presence of lead, even in very small quantities, affects prejudicially tlie 
sonorousness of the alloy. Silver, on the contrary, is said to give sweetnes^ to the tone. The pre- 
sence of this metal has been detected in many old church bells, which, according to tradition, were 
cast from crucibles into which articles of silver had been thrown ns votive offerings. 
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The composition of some varieties of bell-metal is shown below : — 

(1) Copper, 39 parts ; tin, 11 parts. This is the most sonorous of aU the alloys of copper and 
zinc. (‘ Standard.’) 

(2) Copper, 77 parts; tin, 21 parts; antimony, 2 parts. Paler, and inferior to the above. 
(‘ Founders’ Standard.’) 

(3) Copper, 4 parts ; tin, 1 part. Very deep-toned and sonorous. 

(4) Copper, 3 parts ; tin, 1 part. Used for church and other large bells. 

(5) Copper, 17 parts ; tin, 8 parts. Best proportions for house-bells, hand-bells, &o. 

(6) Copper, 72 parts ; tin, 26J parts ; iron, 1 J parts. Used by the Paris houses for the bells of 
small clocks. 

Brass. — Brass is perhaps the most useful and important alloy known. Its composition varies 
widely with the uses for which it is intended, but its constituents are copper and zinc, usually in 
the proportions of nearly two parts of the former to one part of the latter. Brass may also contain 
small quantities of tin and lead. The qualities which render this alloy so valuable may be briefly 
enumerated as follows : — It is harder than copper, and consequently better able to resist wear and 
tear. It is very malleable and ductile, and therefore admits of being either rolled into thin sheets, 
shaped with the hammer, drawn into fine wire, or raised by stamping into objects of various forms. 
It is readily fusible, and therefore easily cast at a lower temperature than copper. It resists the 
influences of the atmosphere better than copper, although, if unprotected by lacquer or varnish, it 
rapidly tarnishes and blackens on exposure to the air. Finally, brass has a fine yellow colour, and 
is capable of receiving a beautiful polish. 

The malleability of brass varies with its composition and with its temperature; it is also 
affected, to a sensible degree, by the presence, even in minute quantities, of - certain other metals. 
Some varieties of brass are malleable only when cold, others only when hot, and others, again, are 
never malleable. At a temperature just below its fusing point, brass, like copper, is brittle, and 
may be powdered in a mortar. Alloys of copper and zinc present a great variety of colour, ranging 
between the reddish hue of the former and the bluish- white of the latter; the transition is gradual, 
and passes through all the intermediate stages of yellow. The following table represents the 
intensity of colour, hardness, and fusibility possessed by these dififerent alloys : — 


Atomic 

Cunstitation. 

Percentage Com- 
position. 

Colour of Fractore. 

Inverse 

1 order of 
' Hardness. 
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Cu 
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15 
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21 
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20 

13 

! 
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12 
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18 

11 
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16 
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Dutch brass. 
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6 

German brass. 
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Very brittle / 
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Ash grey 
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5 

Barely malleable. 

Cu -f 3Zn 
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1 

2 

4 

Brittle. 


Cu -1- 4Zn 

19-65 + 80-36 


2 

4 

3 

White button metal. 

Cu -i- 5Zn 

16-36 + 83-64 

Very dark grey 


11 

2 

Brittle. 


Zn 

100-00 

Bluish-grey 


23 

1 

Zinc. 


During the process of stamping brass, it must be hardened or tempered from time to time. At the 
end of the process it has lost its colour, owing to the formation of a coating of oxide during the tem- 
pering operations. This coating is easily removed by plunging the metal into nitric acid, and then 
washing it thoroughly T^th water. A brilliant metallic surface is thus produced, ready to receive the 
customary layer of lacquer or varnish. This cleansing process is known as “ dipping.” If the brass 
contain any impurities, dipping will not impart to it a brilliant surface. The colour produced by 
dipping varies according to the strength of the acid ; this is due, it is believed, to the fact that the 
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metals constittiting the alloy are acted npon to a greater or less degree by acids of different degrees 
of dilution. The operation of dipping is performed in the following way .-—The object, coated with 
a black coat of oxide, is plunged into nitric acid containing 1 part of the pure acid to 7 or 8 parts 
of water. It is allowed to “ pickle,” as it is termed, in the acid solution until the crust can be 
detached by rubbing the surface of the metal gently with the finger, when it is withdrawn, and 
washed immediately in water. It is next dipped into a much stronger acid solution, where it 
remains until the “ curd ” appears, or until the surface of the metal is entirely covered with minute 
bubbles of gas. This solution should be about twice as strong as the one previously used. The 
brass must then be washed with a plentiful supply of water, and roughly dried in cold sawdust. It 
is afterwards dipped, with the particles of wood still adhering to its surface, into strong nitric acid, 
where it remains only a few moments, then rinsed with a little water, and immediately afterwards 
thoroughly washed with water containing argol in solution. It is finally dried in hot sawdust, after 
which the surface is ready for the lacquer or varnish. 

Brass which is required for rolling into sheets should contaiu no antimony, as this metal renders 
the alloy very brittle, and extremely liable to crack. That which has to be turned contains inva- 
riably a small proportion of lead, usually about 2 per cent ; this addition is made when the crucible 
containing the fused metals is taken out of the furnace. The following is an analysis by Chaudet 
of a brass which is well adapted for this purpose : — 

Copper 65-8 ] Lead 2-15 

Zinc 31‘8 j Tin .. 0-25 

The presence of tin was believed to be accidental. Brass required for engraving npon should 
always contain a little tin, in order to render it sufficiently firm. 

Brass may be made either in a crucible, as in the ordinary Birmingham brass-foundries, or in a 
reverberatory furnace. The crucibles commonly used are circular, and made of fireclay; they 
are about 1 ft. in depth, 8 in. in diameter at the top, and 6 in. at the middle, internal 
measurements; they are also | in. in thickness at the top, and 2 in. at the bottom; they contain 
about 81 lb. 

The copper is first placed in the crucible, and the zinc is added to' it bit by bit with much 
caution, as soon as the former metal is in a state of incipient fusion. The ingots of copper should 
be heated to redness before being put into the crucible. In Birmingham, the chief seat of the brass 
manufacture, the furnaces employed are square, their dimensions being 10 in. in the side and 24 in. 
in depth. Those used in London are circular in form. The flue between the furnace and the chimney 
should be narrow, and should lead out from the top of the furnace ; its dimensions vary with those 
of the chimney, and with other conditions. Coke of the very best quality is the fuel employed. 
■When the mixture is well fused together, the cinders are remqyed, and it is poured, if required for 
casting, into gand-moulds ; if, on the contrary, it is to be used for rolling, it is cooled in close iron 
ingot-moulds, previously heated, oiled, and dusted lightly over in the interior with powdered char- 
coal. A loss of zinc invariably occurs by volatilization, which is always taken into consideration 
when weighing out the metal. 

The following formulm show the composition of different varieties of brass : — 

'Bor fine brass, an alloy of 2 parts of copper with 1 part of zinc is the correct proportion; the 
'metals are melted separately, poured suddenly together, and united by vigorous stirring. By 
slightly raising the proportion of copper, as 7 parts of copper and 3 parts of zinc, a bright-yellow and 
malleable alloy is obtained. More copper still, as 4 parts of copper and 1 part of zinc, yields a metal 
of darker colour than the last. 

For malleable brass, good proportions are : copper, 33 parts ; zinc, 25 parts ; or, copper, 3 parts ; 
zinc, 2 parts. These are malleable when hot. 

For hittm brass, an alloy of 8 parts of copper and 5 parts of zinc is commonly used by the Bir- 
mingham makers, under the name of “platin.'’ An alloy paler in colour, and used for the common 
buttons, consists of 25 parts of copper, 20 parts of zinc, 3 parts of lead, and 2 parts of tin. 

Brass tor fine castings is an alloy of 62 parts of copper, 35 parts of zinc, 2 parts of lead, and 1 part 
of tin ; this is rather pale and brittle. An alloy used for the same purpose, and of a deep, rich 
colour, consists of copper, 90 parts ; zinc, 7 parts ; tin, 2 parts ; lead, 1 part. 

For gliding, good proportions are : copper, 64 parts ; zinc, 32 parts ; lead, 3 parts ; tin, 1 part. 

For soldering, an alloy of fine brass, 12 parts ; zinc, 6 parts ; tin, 1 part, melted together, is most 
commonly employed. 

For turning, the proportions are : fine brass, 98 parts ; lead, 2 parts, both melted together ; or, 
copper, 65 parts ; zinc, 33 parts ; lead, 2 parts. 

For wire, an alloy of copper, 72 parts ; zinc, 28 parts, is commonly u^ed ; this alloy must be 
afterwards hardened by tempering. 

Bronze. — This alloy has been known and employed since very remote ages. It was used 
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exclusively by the ancients for making swords and other sharp instruments, for coinage, statues, 
and many other useful and ornamental purposes. It is composed of copper and tin, sometimes 
with the addition of a little zinc and lead. Great variations are made in the proportions of the two 
chief constituents, according to the nature of the application for which it is destined. For 
statuary, the proportions used by the Brothers Keller, the most noted bronze-founders of modern 
times, were copper, 91-40; zinc, 5'53; tin, 1-70; and lead, 1-37. The bronze coinage of this 
country contains 95 parts copper, 4 of tin, and 1 of zinc. The addition of a little zinc to the 
alloy is an advantage, but too much dinjinisbes its tenacity ; lead is objectionable, owing to its 
tendency to sink after casting, thus destroying the homogeneity of the alloy. The metals should 
be melted rapidly to prevent loss of metal by oxidation, and the melted mass should be covered 
with a layer of charcoal, and kept constantly stirred. The operation is generally carried on in 
refractory crucibles, heated in a reverberatory furnace of suitable form. The cooling in the moulds 
must be as rapid as possible, in order to prevent the separation of the metals. 

The composition of different kinds of bronze is shown below ; — 

For edge-tools : copper, 100 parts ; tin, 14 parts. When properly tempered, this alloy is capable 
of taking nearly as fine an edge as steel. 

For gilding: (1) copper, 82 parts; zinc, 18 parts; tin, 3 parts; lead, 2 parts. (2) copper, 
83 parts ; zinc, 17 parts ; tin, 2 parts ; lead, 1 part. 

For medals : (1) copper, 89 parts ; tin, 8 parts ; zinc, 3 parts. This alloy takes a sharp impres- 
sion by stamping. (2) (Chaudet) copper, 95 parts; tin, 4 or 5 parts. 

For mortars : copper, 93 parts ; lead, 5 parts ; tin, 2 parts. 

For statuary: (1) copper, 88 parts; tin, 9 parts; zinc, 2 parts; lead, 1 part. (2) copper, 82J 
parts ; zinc, lOJ parts ; tin, 5 parts ; lead, 2 parts. Nearly the proportions of the celebrated 
statue of Louis XV. (3) copper, 90 parts; tin, 9 parts; lead, 1 part. (4) copper, 91 parts; tin, 
9 parts. 

German Silver. — This alloy is much used as a substitute for silver ; it is composed of copper, 
zinc and nickel. The proportions of the three metals are various ; wlien intended as a substitute for 
silver, they are 50 parts copper, 25 parts zinc, and 25 parts nickel ; castings, such as candlesticks, 
&o., are made of an alloy containing 60 parts of copper, and 20 parts of each of the other two 
constituents. German silver is harder than silver, and susceptible of a high polish. It is of a 
greyish-white colour ; fuses at a bright-red heat, the zinc being volatilized in the open air. The 
three metals, in a state of division and intimately mixed, may be melted together in a crucible, 
having copper at the top and bottom. The whole is covered with a coating of fine charcoal and 
strongly heated in an air furnace with a strong draught. Or the copper and nickel may be first 
meltrf in the crucible, fragments of hot zinc being afterwards added. To aid the fusion of the 
nickel, the mixture should be well stirred. Lead is sometimes added, and also iron, for the 
purpose of whitening the alloy. 

Actual analyses of various kinds of German silver show the following proportions : — 

(1) Copper, 50 parts ; nickel, 20 parts ; zinc, 30 parts. Very malleable, and takes a high 
polish. 

(2) Copper, 50 parts ; nickel, 26 parts ; zinc, 24 parts. Good imitation of silver. 

(3) Copper, 41 parts ; nickel, 18 parts ; zinc, 41 parts. Bather brittle. 

(4) Copper, 50 parts ; nickel, 25 parts ; zinc, 25 parts. Good imitation of silver ; white and 
malleable. 

(5) Copper, 60 parts; nickel, 25 parts; zinc, 20 parts. For rolling and wire; very tough and 
malleable. 

(6) Copper, 40J parts; nickel, 31 J parts; iron, 2| parts ; zinc, 25J parts. Made from Hill- 
bnrghausen ore ; equal to best Chinese sample. 

(7) Equal parts of copper and nickel. Recommended by Pelouze as being superior to any alloys 
containing zinc. 

(8) Copper, 55 parts ; nickel, 24 parts; zinc, 16 parts ; tin, 3 parts ; iron, 2 parts. White metal 
spoon, sold as German plate. 

Gnn-MetaL — This is also an alloy of copper and tin, in the proportions of 8 or 9 parts of the 
former to 1 of the latter. It is a very tenacious metal, easily forged, and possesses a considerable 
amount of resistance ; it is the metal of which large guns were formerly cast, whence the name. 
In order to make a perfectly uniform alloy, the melted metals should be cooled in the moulds as 
rapidly as possible. Gun-metal of the above composition has a specific gravity of 8-462; the 
weight of a cubic inch is 0-304 lb., and its tensile strength 15-2 tons to the square inch. 

Muntz’s Metal. — An alloy of copper and zinc. For rolling into sheets, the best proportions are 
60 parts copper to 40 parts zinc ; but for other purposes its composition is variable. It was patented 
in 1832 by Muntz of tJirmingham, and has since superseded copper for sheathing the bottoms of 
ships. The alloy is made in a reverberatory furnace, the copper being melted first and the zinc 
added afterwards. The fused mixture is run into clay-lined vessels and ladled from these, while 
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still hot, into iron ingot-monlds. It is rolled into sheets or worked into bolts at a red heat ; the 
sheets are subsequently “ pickled ” in weak sulphuric acid, and then washed with water. 

Pewter. — Pewter is an alloy of lead and tin, containing sometimes copper, zinc, or antimony. 
There are three distinct kinds of English-made pewter, viz. (1) Plate pewter, used for dishes and 
plates, an alloy usually made without lead, and containing principally tin with small quantities of 
antimony, bismuth, and copper ; (2) Tritte pewter, employed for casting drinking vessels, &c., an 
alloy of 82 parts tin with 18 parts lead, and containing variable quantities of antimony ; and (3) Ley 
pewter, containing 4 parts tin and 1 part lead, employed for the larger wine measures. Owing to 
the poisonous nature of lead, which is apt to be dissolved by the acetic acid always present in beer, 
the French government has prohibited the use of an alloy containing more than 18 per cent, of 
lead ; if the lead be not in excess of this quantity, the tin seems to have the effect of neutralizing 
its poisonous properties. When made in the above proportions, pewter has a specific gravity of 7 ■ 8, 
so that any specimens of a higher specific gravity than this may be known to contain too high a per- 
centage of the heavier metal. Pewter is a soft metal resembling tin, but duller and darker in 
colour. Plates and dishes are hammered out of the variety called plate pewter, but drinking 
vessels, &e., are always cast into moulds from the common variety. 

Solders. — Alloys employed for joining metals together are termed “ solders,” and they are 
commonly divided into two classes : hard and soft solders. The former fuse only at a red heat, but 
soft solders fuse at comparatively low temperatures. 

The moat easily fusible metal known is an alloy of 2 parts bismuth, 1 part tin, and- 1 part lead ; 
tin is the most fusible of these three metals, melting at 228°, but this alloy melts at 93°, or a little 
below the boiling point of water. By diminishing the quantity of bismuth in the alloy, the point 
of fusion may be made to vary between 100° and 200°, and thus it is an easy matter to form a 
solder which shall fuse at any required temperature between these limits, for electrical purposes, 
steam-boiler plugs, &c. The following are the best recipes for the common solders ; — 

Hard spelter solder: copper, 2 parts; zinc, 1 part. This solder is used for iron-work, gun- 
metal, &c. 

Hard silver solder : silver, 4 parts ; copper, 1 part ; or, silver, 2 parts ; brass wire, 1 part. These 
are employed for fine work ; the latter is the most readily fusible. 

For brass-work ; equal parts of copper and zinc ; or, for the finer kinds of work, silver, 1 part ; 
copper, 8 parts ; zinc, 8 parts. 

For steel ; silver, 19 parts ; copper, 3 parts ; zinc, 1 part. 

For poulterers ; bismuth, 2 parts ; lead, 4 parts ; tin, 3 parts ; or, bismuth, 1 part ; lead, 1 part ; 
tin, 2 parts. The latter is best applied to the rougher kinds of work. 

VoT jewellers ; fine silver, 19 parts; brass, 10 parts; copper, 1 part; or, for joining gold, gold 
24 parts; silver, 2 parts; copper, 1 part. 

Type-metal. — This alloy, used for printers’ type, is composed of 6 parts lead, and 2 parts anti- 
mony. It is of a blackish-grey colour, and is softer than tin and copper, but a little harder than 
lead. 

Platinum is capable of being united to most other metals, the alloys being as a rule more 
fusible than platinum itself. It occurs in nature in combination with a rare metal called iridium, 
with which it is often alloyed ; the resulting metal is called iridio-ptatinum, and, though still 
malleable, is harder than platinum, and unattached by aqua regia. It is also much less readily 
fusible than platinum itself, and is therefore likely to be largely used in place of this metal for 
the purpose of electric lighting by incandescence. Silver is hardened, but rendered brittle, by 
being alloyed with very small quantities of platinum. 

The following is a table of the proportions of the various metals in the alloys most commonly 
employed in the arts and manufactures. 



Cu, 

Zn. 

Sn. 

Pb. 

Sb. 

Metal for frictioBal parts of locomotives (extremely! 
hard) j 

87 

5 

8 



Bearings of carriages .. 

97 

3 




Bearings of driving wheels, also for steam-enginel 






whistles giving a clear sound j 



18 



Steam-engine whistles giving a deep sound . . 

81 

2 

17 



Cross-heads of connecting-rods 

82 

2 

16 



Cylinders of pumps, valve-boxes, and taps 

88 

2 

10 



Eccentric collars 

84 

2 

14 

.. 


( 

84 

2 

14 



Bearings of axles and trunnions ; eccentric collars < 

85 

81 

2 

7 

^3 

9 



1 

68 

4 

28 
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Cu. 

Zn. 

Sn. 

Pb. 

Sb. 

Pistons of locomotives .. ..| 

88 

84 

9 

8-4 

3 

2-9 

4-7 


Axle-boxes 

88 

2 

10 

.. 


Mathematical instruments, arms of balances .. 

90 

2 

8 

19 


Machinery, bearings, &c 

Steam-engine whistles 

67 


14 


30 


18 

s’ 

2 

Metal to withstand friction (Stephenson) 

79 

5 

8 


Bivets 

64 

24-6 

3 

9 


Metal for coffins .. 

15 


40 

45 


Metal to withstand friction 

2 


72 


26 

Cylinders of pumps : 

7 

72 

21 


's 

Metal for bearings of locomotives 

2 


90 


White brittle metal (for buttons, &o.) 

10 

6 

20 


64 


The proportions of the several ingredients in the various alloys given above must be regarded 
as only approximative in many cases. Every manufacturer adopts the proportions which experi- 
ence has tanght him to be the most suitable for the purposes for which the alloy will be used, or 
perhaps, in some instances, which accident or caprice first led him to make use of. If we take, for 
example, half a dozen samples of that variety of pewter known as Britannia-metal from as many 
different manufacturers, we shall probably find that we have half a dozen alloys widely different 
in their composition, though similar in appearance, and applicable to the same uses. The same 
remark holds good of such alloys as pinchbeck, tombac, Manheim gold, and some others. More 
than this, even the products of the same manufactory may vary considerably in composition at 
different times, when these products are not required to possess in a high degree any given quality. 
It is therefore not surprising that the proportions published in many works are so absurdly 
different and contradictory. Thus we have, for example, one acknowledged authority giving the 
composition of Britannia-metal as equal parts of brass, tin, antimony, and bismuth ; while another 
gives the composition as 150 parts of tin, 3 parts of copper, and 10 parts of antimony, omitting the 
bismuth altogether. It would be easy to find a third authority giving a composition of this alloy 
widely different from the above two. From out of this chaos it is impossible to evolve anything 
like order, or to give information that shall not be at variance with all that has preceded it from 
sources acknowledged to be trustworthy. Hence the recipes we have given must be regarded as 
having only an approximate value generally, though for the cases we have in view they are exact, 
i. e. they are the proportions which have been actually adopted in practice. Many of them have been 
ascertained by analysis of the finished product, while others have been obtained from sources that 
are worthy of confidence. 

AIiXIM. (Fb., Alun ; Geb., Alaun .') — The name alum is applied in science and the arts to a 
class of double salts containing sulphate of alumina (see Alumina), which plays the part of an 
acid, in combination with an alkaline sulphate, representing the base. The salts are composed 
of one equivalent of each of these constituents, together with 24 equivalents of water of crystal- 
lization, and are represented by the following formulae ; — 


Potash alum AIK (SOj)^ 22 HjO. 

Ammonia alum A1 (NHJj SO^ + 12 IhjO. 


Other alums exist in which the acid is represented by the oxides of chromium, iron, and man- 
ganese, which are isomorphous with alumina ; and besides potash and ammonia, the base may be 
constituted by soda, alumina, or the oxides of iron and chromium. These acids and bases are found 
to replace each other singly, and also, in combination with one another, to form alums of more or 
less complexity. In each case, however, 12 equivalents of water are required for the constitution of 
the crystal. 

The only alums known in commerce are those of potash and ammonia, the latter being now 
manufactured very extensively. Ordinary potash alum, commonly called “ alum,” to distinguish it 
from ammonia alum, consists of white, diaphanous, octahedral crystals, of the following percentage 
composition : — 

Potash 9-95 j Sulphuric acid 33 '71 

The crystals have a ipecific gravity of 1 '71 ; they are slightly efifioreseent in the air, have an 
acid, astringent taste and an acid reaction. One hundred parts of water at 0° dissolve about 4 parts, 
and at 100“ about 360 parts of the salt. When heated, the crystals melt in their water of crystal- 
lization, the solid residue left on cooling being called rock-alum. Calcined at a low red heat, alum 
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loses the sulphuric acid combined with the alomiua, the latter remaining h^lhind with the sulphate 
of potash. If the heat be raised to whiteness, the sulphate of potash is decomposed also, the residue 
consisting of a mixture of potash and aiuniina. A neutral variety of this alum, commonly called 
cubical or Roman alum, on account of the cubical form of the crystal, is made by boiling 12 parts of 
ordinary alum with one part of slaked lime in water. It is preferred to the common variety for 
some dyeing and printing operations, as it does not affect certain colours. It is prepared in the 
neighbourhood of Rome from a mineral called abimite. According to Schmidt, its percentage 
composition is : — 

Potash 9 '04 i Sulphuric acid 33-95 

Alumina .. .. .. .. 11*48 | Water *• 45’61 

Ammonia alum possesses many of the properties characteristic of ordinary alum, and may be 
applied to all the purposes for which the latter is used. When heated to redness, both the 
sulphuric acid and the ammonia disappear, nothing but pure alumina being left ; this latter sub- 
stance is often prepared on a large scale by this method (see Alumina). One hundred parts of 
water at 0° dissolve about 5 parts of this alum, and at 100°, 420 parts. Its percentage composition 
is : — 

Ammonia 3 89 I Sulphuric acid 36-10 

Alumina 11-90 | Water 48-11 

Of the remaining alums, the most important is soda alum; it is, however, not yet largely used 
in industrial operations, on account of the difiScnlty experienced in obtaining the crystals in a pure 
state; it is analogous in constitution to the two above-mentioned alums. 

Alum is found native, like saltpetre and carbonate of soda, in volcanic districts in the form of a 
white incrustation upon rocks and stones. In this form it occurs in the neighbourhood of Naples; 
in the Solfatara ; in Sicily, and in the south of France. In these districts it has long been the 
custom to collect the white efidorescence and dissolve it in water ,- this solution is allowed to stand 
in order that mechaniodi impurities may settle out, and it is then evaporated in leaden pans by the 
natural volcanic heat of the soil, without the necessity of having recourse to fneL The residue 
recrystaUized affords a very pure product, which was for many centuries the only alum known in 
commerce. At the present time, native alum forms only a very small portion of that consumed in 
this country. The chief source is a bituminous clay called “alum shale,” found in Norway, 
Bohemia, and tlie Hartz ; in England, near Whitby ; and in Scotland, near Glasgow. The shale 
undergoes a series of processes by which the sulphate of alumina is extracted and combined with 
sulphate of potash or sulphate of ammonia, in solution, as the case may be, the resulting mixture 
being evaporated down to obtain crystals of alum. In the neighbourhood of Manchester, large 
quantities of the coal-shales are employed for this purpose. Another important source of alum is 
the alum rock or alum stone, found in volcanic districts, and produced by the action of sulphurous 
vapours upon aluminiferous rocks. The mineral is calcined in large kilns, and then lixiviated with 
boiling water, the lye being evaporated down and crystallized out ; this process is only employed in 
the volcanic districts, where the rock is extensively found. Other sources are clays of different 
kinds, notably fireclay and pipeclay ; the minerals cryolite and bauxite are also used, and various 
mineral phosphates. These contain alumina only, and require the addition of both sulphuric acid 
and an alkaline sulphate in order to produce alum. All shales and clays selected for the manufac- 
ture of alum should be as free as possible from carbonate of lime and from iron. 

Owing to their extensive application as mordants in the processes of dyeing and calico-printing, 
and to the comparatively economical methods which have been introduced from time to time for 
their preparation, potash and ammonia alum have risen to a position of much commercial importance 
during the last thirty years. There are also other applications of this useful substance to be men- 
tioned later, in which the quantity annually consumed is rapidly increasing. 

The Manoeactoke. 1. From Alum Sock. — This rock, which occurs in the volcanic districts 
around Naples, and at Muszag in Hungary, is composed principally of silica and sulphate of 
alumina. Analyses of four samples taken from different places have shown it to have the following 
composition ; — 
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The rock is piled up in heaps in a furnace or kiln, and heated to low redness, the flames being led 
in an upward direction through the mass. After a short time the sulphate of alumina is decom- 
posed into alumina, oxygen, and sulphurous acid, and the calcination is known to be complete 
when white vapours of this latter gas exhibit themselves. The calcined mass is then placed in 
cisterns, and constantly moistened with water for three or four months, during which time it 
crumbles up and is converted into a soft mud. This mud contains a considerable quantity of alum 
which is dissolved out with water, the liquor being evaporated down until it attains a specific 
gravity of about 1 • 114 at 45°. The crystals of alum which separate out on cooling are of a reddish 
tinge, owing to the presence of iron, and must be subjected to recrystallization, which yields the 
salt in a very pure state. This product is much valued in commerce. Cubical or Roman alum 
is prepared in the same manner, except that the pure mineral, alumite, is employed, instead of the 
alum rock. 

2. From Aluminous Shale or Alum Ores . — These are a kind of schismatic clay, containing much iron 
pyrites and bituminous matter, and very closely resembling the ordinary clay slate. Large beds 
are found in the Scandinavian peninsula ; in Bohemia, the Hartz, and the mountainous districts of 
the lower Rhine. In Great Britain, they occur at Hurlet and Campsie, near Glasgow, and near 
Whitby, in Yorkshire. For many years, these places were the chief seats of the manufacture, alum 
works at the latter place having been established since the year 1600. The following table 
represents the composition of different shales from Glasgow and Whitby : — 
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The process is conducted in the following way : — ^The mineral is piled up in heaps, which are 
moistened every now and then with water ; it then becomes heated, and gradually crumbles up 
into a pulverulent state. This is usuaUy carried on, either wholly or in part, on the floor of the 
mine. If the ore fails to attain this condition upon mere exposure to air and moisture, it must be 
broken to pieces and piled up in heaps upon a bed of brushwood and smaU-coal, in layers of about 
4 feet in thickness. Fire is then applied, and when the mass is thoroughly kindled, fresh 
quantities of the broken shale are thrown upon it until it attains a considerable height and 
thickness. The bituminous matter contained in the shale is generally sufficient to produce the 
required heat provided that it be continued long enough ; in some cases, when the shale is not very 
bitiuninous, it is necessary to employ slack or sawdust iu order to assist the combustion. 
Calcination is then effected by means of a smothered fire ; care must be taken to prevent the mass 
from becoming fused and from disengaging sulphurous vapours. To this end, the mass is after a 
time covered with a coating of calcined ore, or “ mantled,” as it is termed, in order to shelter the 
burning heap from wind and rain, and to moderate the heat and prevent it from progressing too 
rap’dly, thus causing the sulphur to be lost by volatilization. When the process is complete, a 
thicker “ mantling ” is laid on, and the mass is allowed to cool, when it is found to have lost about 
one-half in hulk and to have become open and porous. It is then laid open to the air and 
moistened again with a little water. The time occupied by the process of calcination varies, 
according to the size of the mass and the state of the weather, from three to nine months. 

The next part of the process consists in digesting the calcined ore in warm water in a large 
stone or brickwork cistern, until the soluble portion has been totally extracted ; the lye is then 
run into another stone or brick cistern, placed in close proximity to a reverberatory furnace, so 
that the flame and products of combustion are led over the surface of the liquor in the cistern. 
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When it has been boiled down until it stands just above the point at which crystals are deposited, 
it is run off into coolers in which crystals of sulphate of iron separate out. The mother liquor from 
these is run off into another cistern. When pme potash alum is required, a saturated solution of 
chloride or sulphate of potash is run into the cistern ; but for ammonia alum, impure sulphate of 
ammonia (usually in the form of gas-liquor) is employed ; the ordinary alums of commerce are, 
however, generally mixtures of the two. The correct quantity of these solutions has been added 
when the addition ceases to produce a cloud or milkiness in the cistern. To produce 100 parts of 
alum from the sulphate of alumina liquor, the theoretical quantities are : — 

Chloride of potash 15 "7 parts. 

Sulphate of potash 18'4 . „ 

Sulphate of ammonia 13 '9 „ 

The exact proportions required may be determined by testing a small quantity of the aluminous 
liquor before introducing the alk^ine solution, but in practice the above indication is a sutHcient 
guide. The mixture is next allowed to become perfectly cold, when the mother liquor is pumped 
or siphoned off, and the residue, consisting of alum in fine crystals, or “ fiionr,” is well drained, and 
washed several times with a little cold water. The alum flour is then placed in a leaden boiler, 
and dissolved in boiling water. While still boil^g, or having just ceased, the liquor is run into 
large casks or tuba. These tubs are bunt in pieces ; at the bottom is a large flagstone, and the 
pieces, each of which is lined with lead, are buUt round it, and kept in their places by strong iron 
hoops screwed together. The diameter of the tubs is greater at the bottom than at the top, and they 
are about 6 ft. high. When the hot solution is drawn off into these tubs, they are covered with 
wooden covers. In about four days, the sides of the tubs may be taken down, as there will then be 
a sufficient thickness of alum to hold the mother liquor. It now stands in this condition for 
fourteen days more, and a hole is made near the bottom of the block through which the mother 
liquor is drained out. This block is afterwards broken up and packed into casks for the market. 
The bottom part, which is not so pure as the rest, is usually redissolved. 

3. From Coal Shales (Spence’s process). — By this process, which was patented by Peter 
Spence, of Manchester, in 1845, about two-thirds of the alum produced in this country is 
manufactured. The shales used, which are black owing to tbe presence of from 5 to 10 per 
cent, of carbonaceous matter, are found underlying the coal seams in South Lancashire. They are 
calcined in the following way ; — 

A number of air-channels, one or two feet apart, are constructed by laying two parallel lines of 
bricks, each line about 4 in. distant from the other, and then laying bricks across the top of these 
so as to form a channel of about 4 in. section, the bricks being laid loosely in order to permit the air 
to pass freely between them. Upon these channels, one workman throws a layer of burning coal, 
while another covers the coal with the more bituminous shales, broken up small. When com- 
bustion commences, more shale is laid on gradually, care being taken not to put out the fire, and 
at the same time keeping down the heat to low redness, the object being to render the alumina of 
the shale soluble in sulphuric acid. If tbe temperature be raised too high, the clay will vitrify, and 
the alumina become insoluble. Calcination usually occupies about ten days, and when complete, 
the shale is of a pale red colour. It is then placed in long tanks or pans, made of sheets of cast- 
iron, screwed together, lined with lead, and about 40 ft. long, 10 ft. wide, and 3 ft. deep. Before 
being charged with shale, the bottoms of these pans are covered with tiles, about 9 in. square, in 
order to prevent the shale from coming in contact with the lead, because the heat would dry the 
shale and bum the lead. The charge of each pan is about 20 tons. The shale is then digested 
with about 10 tons of sulphuric acid, of sp. gr. 1-25. During four or five days the contents of the 
pan are kept at a temperature of 105° (220° F.), partly by means of a fire underneath the pans, 
and partly by the introduction of ammonia in tbe form of gas-liquor, which is boiled down in 
boilers. Steam is also driven in, in order to maintain the temperature. From time to time the 
liquor is tested to see if it be of the proper strength. A small quantity is put into a square, 
shallow leaden dish, and according to the time it takes to crystallize, it is known whether the 
liquor is ready to be drawn off into the coolers. These coolers are large, rectangular leaden vessels, 
about 29 ft. long, 17 wide, and 1 ft. 9 in. deep. While the liquor is in the cooler, it is constantly 
agitated by means of a long wooden arm, which is worked by steam ; this prevents the formation 
of large crystals. On an average, the liquor remains in these coolers about fourteen hours, at the 
end of which time there is a bed of small crystals deposited, several inches in thickness. This 
deposit is greenish in colour, owing to the presence of sulphate of iron. The crystals are then 
thrown into a large, square box, lined with lead ; in this they are washed well with mother liquor 
and then allowed to drain, the operation taking about two hours. When thoroughly washed, the 
crystals are thrown upon an iron grating, the bars of which are about J in. apart ; this is done 
in order to break the lumps and wash out the mother liquor. The crystals are then ready to be 
dissolved, which is effected by means of steam in a strong cylindrical vessel, 2 to 3 ft. high, and 
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2 ft. in diameter. It has two divisions ; one part is open to allow the crystals to be thrown in, and 
the other part has a division and is closed. This division is to prevent large crystals from passing 
through undissolved. At the bottom of the open part of the cylinder is a coil of lead pipe, 
perforated with small holes, through which a current of steam (about 20 lb. pressure) is driven. 
This, passing through the alum, dissolves it as fast as one man can throw it in. At the top of the 
cylinder is a pipe, which communicates with a wooden tank, lined with lead, called the dissolving 
box. This is 14 ft. long, 8 ft. broad, and about 3 ft. deep. It is to receive the solution of alum 
before it is drawn off into the crystallizing tubs or reaching pans ; the solution remains in this tank 
about 3 hours, and is covered over with boards, the joints of which are loosely packed with cotton- 
waste. When this tank is nearly full, and under full pressure of steam, about four quarts of size is 
poured in through a pijre, in order to cause the mechanical impurities to settle out. When the 
solution is ready to be tapped off into the tubs, those which are at the furthest end of the shed — 
say 60 ft. from the tank — are filled a few minutes before those at the nearer end. The appearance 
of the alum after crystallization depends largely upon the temperature at which the boxes have 
been filled. When it is too hot, the liquor forms large crystals outside, but when the temperature 
is about right, the exterior of the block of alum should resemble a loaf of sugar. The processes of 
crystallizing and removing the crystals are precisely the same as described above. 

4. From Clay. — The process of obtaining alupi from sulphate of alumina prepared artificially from 
clays was first practised by Alban and Chaptal. The clays selected should be altogether 
free from iron and carbonate of lime. Ordinary clays consist of silicate of alumina and free 
alumina; china or pipe-clay being much the best for the above purpose. The clay is first calcined 
in order to peroxidize any iron which may be present, and to render it perfectly porous ; it is 
then ground and sifted, and digested with 45 per cent, of sulphuric acid at 45° B. ; this 
digestion is conducted in a pan or cistern heated by the waste heat from the calcining furnace to 
about 70° (158° F.). When the mass has become thick from separation of silica, it is removed from 
the pan and exposed for ft long period to the atmosphere, by which means the conversion of the 
alumina into sulphate is completely effected ; it is then lixiviated in stone or brick cisterns and 
precipitated by the addition of an alkaUne sulphate in the manner previously described. 

The following process was patented by H. D. Pochin, and is still employed in his works 
at Salford, Manchester: — Fine china clay, as free as possible from iron and carbonate of 
lime, is calcined in a furnace in order to remove the water and render the clay porous. It is 
then mixed with a suitable proportion of sulphuric acid, which must be considerably diluted 
(sp. gr. 1‘52), in order to prevent its action being too energetic. The mixture is then run into a 
cistern having movable sides, where in a few minutes it becomes hot and boils violently. It now 
becomes gradually thicker until it is converted into a solid but very porous mass. In this form 
it is called “ alum-cake,” or “ concentrated alum.” It contains much water, although it appears 
perfectly dry, and also much of the silica contained in the original clay, in a state of very fine 
division. A solution of pure sulphate of alumina is readily obtainable from this substance by 
lixiviation ; the solution so obtained is allowed to deposit its silica before being further used, though 
for many purposes the presence of silica is not objectionable. As the potash or ammonia contained 
in ordinary alum is a wholly unnecessary constituent, being only added to facilitate the purification 
and crystallization of the salt, the solution obtained by the above process may be adapted to all the 
processes of dyeing and calico-printing in which alum is so largely consumed. In order to convert 
the porous alum-cake into alum, a concentrated solution must be made and precipitated with potash 
or ammonia, or both, the process being then conducted as described above. If the proper quantity 
of sulphuric acid has not been used in the preparation of the cake, it must be added before preci- 
pitating with the alkaline solution. 

Pipe-clay has also been largely used by Taylor of Bristol, in the manufacture of alum. The 
clay is calcined in the ordinary way, and mixed with about an equal weight of sulphuric acid 
(sp. gr. 1 • 20). This mixture is run into a tub and heated for about twelve hours by means of a coil 
of l^en pipe, lying on the bottom of the tub, through which steam is made to pass ; the heat 
attained should be about 90° to 100°, or rather below the boiling point of water. The solution 
should then have a sp. gr. of about 1'3, and is run off through a pipe into other vats, where it is 
precipitated with an alkaline solution in the usual manner. 

5. From Mineral Phosphates. — In the year 1870, a patent was secured by Peter Spence for 
obtaining alum from a mineral consisting of phosphates of iron and alumina, and obtained from the 
island of Eodonda, near Antigua, in the West Indies. The mineral is taken in pieces, as it comes 
to hand, and calcined in kilns similar to those used for lime, at a red heat, being previously mixed 
with coal or coke ; or it is ground until it passes through a sieve of, say, twenty meshes to the 
inch ; but the formei^plan is preferred by Spence, as it facilitates the solution of the mineral 
substance, and renders a portion of the iron insoluble by oxidation. The mineral having been 
prepared by these or similar means, it is placed in leaden vessels together with an equal weight of 
sulphuric acid of sp.gr. 1 • 6 if the mineral contain 20 per cent, of alumina, but only three-fifths of 
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its weight if it contain 12 per cent., and in similar proportions for other degrees of richness. Heat 
is then applied by blowing steam into the Tessel containing the mixtore. The mineral dissolves 
and the specific gravity rises. It is then cautiously reduced by water or weak liquors from subse- 
quent parts of the process (especially the washings of the sediment hereafter to be mentioned), 
constantly boiling until all is dissolved except the insoluble sediment, and the strength becomes 
90° Tw., or 1'45 sp. gr. The liquor is now passed into a close leaden vessel, and a vapour 
is distilled into it containing ammonia obtained from gas ammoniacal liquor, subjected to boiling 
either by fire or steam injected into the gas-liquor. The quantity of gas-liquor employed is 600 to 
900 gallons for every ton of the mineral, according to its richness. When all the ammonia has 
been distilled into the liquid, it is allowed to settle for a few hours, and the clear solution is run off 
at a sp. gr. of 1‘4, or 80° Tw., into leaden coolers to crystallize in the ordinary way. From a 
mineral containing 20 per cent, of alumina, Spence obtains a ton and a half of alum for every 
ton of the mineral used. The mother liquor consists chiefiy of a solution of phosphoric acid, and 
with a small quantity of sulphate of alumina, iron, and sulphate or phosphate of ammonia. This 
solution may be used directly as a fertilizing agent ; or by adding sawdust in sufficient quantity to 
absorb the whole of the liquor, and then drying it at a low heat, so as not to char the sawdust, an 
artificial manure may be prepared containing phosphoric acid and ammonia in such quantities and 
condition as to make it a valuable fertilizer. The phosphoric acid contained in the mother liquor 
may also be applied to the purposes of producing phosphorus or the commercial phosphates. The 
insoluble sediment alluded to above may be washed with water, and the washings used for the 
reduction of the dissolved mineral. 

6. Frcm Cryolite and Bauxite — Alum may be prepared from the mineral cryolite in the following 
way (Sauerwein’s method) : — Very finely ground cryolite is boiled with water and lime, the latter 
being as pure and as free from iron as possible, in a leaden pan. By this means a solution of 
aluminate of soda and insoluble fluoride of lime are formed. The latter is allowed to deposit, and 
the clear liquor is decanted and the residue washed, the first washing being added to the decanted 
liquor, and the second and third used instead of pure water in the subsequent operations. Excess 
of finely powdered cryolite is now added to the solution for the purpose of separating the aliinina 
from the aluminate of soda, the result of the decomposition becoming alumina and fluoride of soda. 
When no more caustic soda can be detected in the liquid, it is allowed to become clear, when the 
solution of fluoride of soda is run ofii The alumina is then dissolved in dilute sulphuric acid, and 
the solution is treated with potash or ammonia in order to produce the required alum. The 
fluoride of lime occurring as a bye-product has recently been used in glass-making. 

When bauxite is employed as a source of alum, it is first ignited with carbonate of soda in order 
to disintegrate it, or with a mixture of sulphate of soda and charcoal. In either case, lixiviation of 
the ignited mass yields aluminate of soda, from which alum may be prepared by processes described 
in the above paragraph. 

■7. The Alum-process for Berruming Potash from Saccharine Solutions . — A process, bearing the above 
title, has recently been patented by James Duncan, John A. R. Newlands, and Benj. E. B. 
Newlands, for converting the potash present in saccharine solutions obtained from the beet into 
alnm by treating it with a solution of sulphate of alumina. This process, by which potash alum is 
produced as a bye-product, is now largely employed in sugar refineries. It consists of two parts : — 
(1) precipitation of the potash in the form of alum, and (2) neutralization of the residual acid 
liquor by means of lime. 

(1) Precipitation. — This is accomplished by adding to the cold syrup solution of sulphate of 
alumina, in quantity sufficient to form an alum with the whole of the potash present. It is 
convenient to work with syrup at a density of 38° B., and solution of sulphate of alumina at 27° B., 
or thereabouts. If the density of the syrup be much over 38° B., the alum cannot easily separate 
out. The mixture is well stirred for about fifteen minutes to one hour, and the whole allowed to 
repose for four or five hours, until the deposit — which consists of small crystals of alum, technically 
known as “ alum flour ” — has completely subsided. The tank in which this operation is performed 
is provided with mechanical stirring gear, and may be called the “ alum tank.” 

The three principal points to be attended to in this part of the process, in order to obtain the 
best results and to prevent the formation of glucose, are : — (a) To work at the lowest attainable 
temperature, (6) to employ solutions as dense as possible, and (c) to perform the whole operation 
as quickly as possible, consistently with due separation of the alum. 

The amount of potash present in syrups is generally equal to two-fifths of the ash. The ash is 
determined in the usual way, by addition of concentrated sulphuric acid, followed by incineration 
and weighing, one-tenth being deducted from its weight. It is sufficient for most practical 
purposes to assume that two-fifths of the ash is potash. Every I part%rf potash requires for 
conversion into alum about 9J parts of sulphate of alumina, out of which 2J parts are required to 
convert the potash into sulphate, and the remaining to combine with the sulphate of potash, so 
as to form alum. If the liquor contain any sulphuric acid, either free or combined, or if the solution 
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of solphate of alumina contain any free snlphnric acid, the 2J parts of sniphate of alumina required 
to convert the potash into sulphate may be partly or entirely dispensed with. For practical 
purposes, it is sufficient to determine the percentage of ash, to assume two-fifths of this to be 
potash, then to multiply the percentage of potash by 9 '5, which gives the dry sniphate of alumina, 
and, lastly, to ascertain the amount of solution corresponding to this by means of the following 
table : — 

Table showing the Pebcentage op Sulphate op Alumina in Solutions op difpebent 

Densities. 


Baume. 

Specific Gravity. 

Percent, jj Baume. 

Specific Gravity. 

Per cent. 

m 

1-184 

34 

28 

1-225 

43 

24 

1-188 

35 

29 

1-235. 

44 

24i 

1-190 

36 

30 

1-245 

45 

25 

1-197 

37 

31 

1-256 

46 

2.5i 

1-201 

38 

31i 

1-261 

47 

26 

1-206 

39 

32 

1-267 

48 

26i 

1-211 

40 

32J 

1-277 

49 

27 

1-216 

41 

34 

1-288 

50 

27i 

1-218 

42 





(2) Neutralization. — The alum-tank is provided with several taps, at different heights, and 
when the alum has well settled down, the clear acid liquor is run off, by means of these taps, into 
another tank placed on a lower level, and also provided with mechanical stirring-gear. This tank 
may be called the “ limeing-tank.” As soon as the acid liquor has been thus decanted into the 
limeing-tank, a little finely-divided chalk, previously made into a paste with water, is added, so as 
to produce a slight effervescence. Milk of lime is then added at frequent intervals, until the froth 
has nearly, but not entirely, disappeared; the gradual abatement of the froth serves to indicate 
when the neutralization is nearly complete. This operation takes from one to two hours. 
The point at which the neutralization is practically complete may be known by three simple 
observations : — (a) The absence of any large amount of froth ; (6) the absence of any taste of 
aluminous compounds ; (o) the liquor should give only a dull-red tinge to blue litmus paper (see 
Sugar). 

To wash and dry the precipitated alum, it is convenient to employ a small centrifugal machine. 
After once machining for a few minutes, a little water being added as usual during the operation, 
the alum appears white and dry, but still retains a small amount of syrup. It is then mixed 
up with some cold water, and machined a second time, after which it will be found free from sugar 
and fit for sale. The advantages of the process are : — (1) The removal of potash and ammonia 
from syrups without much dilution ; (2) the removal of a great deal of the colouring and 
albuminous matters; (3) a considerable improvement both in taste and odour; (4) the alum 
produced is nearly equal in value to the sulphate of alumina used, so that the expense of the 
process is not great ; (5) the plant required is of the simplest description, the cost of labour small, 
and the entire process is of a continuous and rapid character. < 

This process has now been in constant operation during twelve months at the sugar refinery ef 
Jas. Duncan, of London, where the syrup from many thousands of tons of sugar has been treated with 
excellent results, several hundred tons of potash alum of good quality being, during the same time, 
produced, and sold at a fair market price. The process has lately been adopted by many of the 
principal sugar refiners of the United Kingdom, and it has also been applied successfully in 
Holland, Belgium, and the United States of America. 

For the successful and economical conduct of the manufacture of alum, it is absolutely necessary 
that by whatever process or from whatever materials it is obtained, the exact composition of the 
mineral or minerals employed should be carefully ascertained. This can only be effected by actual 
analysis, which should be extended to several parts of the same bed, and particularly to the upper 
and lower strata, which frequently differ in composition from each other, and thus require different 
treatment. The presence of lime in alum ores and shales is most prejudicial, since its affinity for 
sulphuric acid is greater than that of either alumina or iron. Tho ores, therefore, which are 
selected should contain as little as possible of this substance. The presence of magnesia is also 
objectionable ; but in this case the sulphate of magnesia left in the mother liquor is not entirely 
wasted, as it may be crystallized and sold as Epsom salts ; it is the custom in some English alum- 
works to employ this ipethod of utilizing it. 

The salt of potash used for precipitation of the alumina solution is generally either sulphate or 
chloride, but most often the latter. It is used in the form of waste liquor from soap-works, saltpetre 
refineries, and glass-works. As we have already stated, the gas-liquor, or crude sulphate of 
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ammonia from the gas-works, is used as the common source of ammonia for precipitation. Salts 
of soda are rarely, if ever, used for the production of alum, since the resulting alum is very difficnlt 
to crystallize. But there is certainly one advantage which soda-alum possesses ; that is, the cost of 
sulphate of soda is trifling compared with sulphate of ammonia ; and as the consumption of this 
latter material is gradually increasing, owing to its high value as a fertilizer, and as the agriculturist 
is now beginning to see the great value of these nitrogenous products, and as their value is lost in 
alum, it may ultimately, now that the practicability of producing soda alum on the commercial 
scale has been demonstrated, even with all the difficulty of crystallization, be a more economical 
way of producing this double salt. 

Uses. — The chief use of alum is in the processes of dyeing and calico-printing, as a mordant. 
This application depends upon the great affinity of the alumina contained in the alum for textile 
fibres, and especially wool and cotton ; it cannot, however, be employed in the case of aniline dyes. 
When steeped in a solution of alum, a basic salt of alumina is formed which adheres to the fabric so 
firmly that it is never renioved by washing. The fabric is by this means enabled to combine with 
larger quantities of the colouring material, and to retain it more tentioiously (see Dyeing). It is 
used to clarify liquors of various kinds, and especially water ; to harden tallow, fats, and gypsum ; 
in the “tawing” of leather, along with common salt; in the preparation of paper, and of book- 
binders’ paste, which contains one-sixth of alum; in the preparation of the lakes, and of 
pyrophorus ; to render wood and paper incombustible ; to remove greasiness from printers’ blocks 
and rollers ; to prepare a paper for whitening silver, and silvering brass in the cold ; in the 
bottling of fruits for preservation, the preparation of butter from milk, and extensively in the 
adulteration of bread, beer, gin, and artificial port. A novel and curious application is in the 
lining of Milner's safes, which is a mixture of alum and sulphate of lime ; owing to the large 
quantity of water which it contains, which moistens the inner chamber of the safe when heated, 
and thus prevents the contents from being consumed, and also to the non-conducting properties of 
the mixture, after expulsion of the water, this substance assists materially in protecting the interior 
from injury by fire. In medicine, alum is used as a tonic and astringent in doses of 5 to 20 grains ; 
as a gargle (1 drachm to half a pint of water) ; and as a ccllyrium and injection (10 to 15 grains to 
6 oz. of water). In lead colic, J to 1 drachm of alum dissolved in gum-water, and taken every three 
or four hours, is said to be infallible. Powderedalum is often applied with a camel’s-hair brush in 
cases of sore throat, ulceration of the mouth, &c. According to Dr. Meigs, a teaspoonful is one of 
the best emetics in cases of croup. 


AIiUMlNA. (Fb., Alumine ; Gee., Alannerde.') Formula AljOj. — Alumina, the only oxide of 
aluminium known, is a very large constituent of the earth’s crust. In combination with silica, it 
enters into the composition of all slatey and clayey earths, and of many rocks, minerals, and shales. 
It is seldom found in the pure state, except in varieties of the mineral corundum, such as ruby, 
sapphire, &c. Emery is a less pure variety of the same mineral, which, on account of its extreme 
hardness, has received numerous industrial applications. As the hydrate, alumina occurs in 
diaspore, hydrargylUte, gibbsite, and other minerals. In bauxite, so called from Baux in France, 
whence it is obtained, alumina exists in proportions varying from 60 to 75 per cent, of the whole 
substance. The following is the average composition of bauxite : — 


Alumina 64 •24 

Silica 6-29 

Oxide of Iron 2 '40 

Lime 0'55 


Magnesia O’. 38 

Soda 0-20 

Potash 0-46 

Water 25 ’74 


Altunina is insoluble in water, but soluble in acids and alkalies ; with the former it combines 
to form the ordinary salts of aluminium, but with the latter it plays the part of an acid, forming 
the salts called “ aluminates.” Crystalline alumina has a specific gravity of 3 '9, and, next to the 
diamond, it is the hardest substance known. When pure, it is infusible in all temperatures except 
that of the oxy-hydrogen flame. 

The strong affinity exhibited by alumina for vegetable colouring matter renders it invaluable 
to the dyer and calico-printer, and upon this property, in conjunction with its powerful attraction 
for all vegetable fibres, depends its extensive use as a mordant (see Dyeing). By combining, 
first, with the colouring matter, and then with the fibres of the substance to be dyed, the cloth and 
the colouring matter are brought into very intimate union with each other. In the form of clays 
of various kinds, alumina is largely employed in the manufacture of pottery of all descriptions (see 
Clay). The uses of alumina in the form of emery, alluded to above, are well known. 

There are various methods of preparing alumina in a pure state. It may be obtained from 
common potash alum by heating it with a solution of carbonate of ammonia ; 4he hydrate of alumina 
precipitated is well washed, dried, and ignited, the residue consisting of pure alumina. A better 
method is that of igniting ammonia alum, by which its volatile constituents are driven off, and 
alumina in a tolerably pure state is left behind. 
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Clay, or minerals containing alnmina, digested with a concentrated solution of potash or soda, 
yields an alkaline aluminate, from which hydrated alumina may be precipitated by passing a stream 
of carbonic acid through the solutions, or by heating it with chloride of ammonium or acid carbo- 
nate of soda ; the hydrate is dried and ignited as in the previous case. 

Alumina in a state suitable for the preparation of the pigments known as “ lakes ” may be 
produced in the following manner ; “ Dissolve 1 lb. of alum in | gallon of water, and add 75 grains 
of sulphate of copper, and about J lb. of zinc turnings ; leave the mixture for three days in a warm 
place, renewing the water lost by evaporation. The copper is first deposited upon the zinc, the 
two metals thus forming a voltaic couple sufficiently strong. Hydrogen is disengaged, sulphate 
of zinc is formed, and the alumina gradually separates in the state of a very fine powder ; the action 
is allowed to continue until there is no more alumina left in solution, or until ammonia ceases to 
give a precipitate. If the reaction is prolonged beyond this point, oxide of iron will precipitate if 
present. The alumina washes easily, and does not contract upon drying.” — (^Derniers Progres de 
r Industrie Ohrmiquei) 

Sulphate of Alumina. — This salt is obtained by dissolving alnmina in sulphuric acid. It is 
now largely employed as a substitute for alum under the name of “ concentrated alum.” When 
clay is used for the preparation of sulphate of alumina, the iron is removed by adding ferrocyanide 
of potash to the dilute solution of the sulphate, whereby Prussian blue is precipitated. Sulphate 
of alumina, owing to its variable composition, may not be always safely used in dyeing and 
calico-printing instead of alum, but in the majority of cases it is a thoroughly effective substitute 
(see Alum). 

A TW A T.Cr ATVTS. (Fr. Amalgame ; Ger., Amalgam.) — Mercury unites with a liirge number of 
metals, forming definite chemical compounds called “ amalgams.” Some of these are solid, while 
others exist in a fluid state. It is probable, however, that fluid amalgams merely represent a 
solution in excess of mercury of some fixed compound of mercury with another metal, inasmuch as 
when a quantity of such fluid amalgam is pressed through the pores of a chamois-leather bag a 
small portion of mercury passes through, leaving behind the solid amalgam, which, on examina- 
tion, is generally found to have a fixed chemical constitution. The fluidity of an amalgam 
seems therefore to depend upon the presence of an excess of mercury over and above the amount 
theoretically required to enter into combination with the other metal. 

The chemical affinity which causes the mercury to combine with other metals is generally of a 
feeble character. Gentle pressure will drive out a considerable quantity of the oombined mercury, 
leaving a combination in altogether different proportions from the original one. A moderate heat 
also is sufficient to decompose almost any amalgam. This fact was formerly made use of in the 
process known as water-gilding. The article to be gilded was covered with an amalgam of gold with 
excess of mercury, and then subjected to a strong heat. The mercury was driven off, leaving the 
article covered with a fine coating of metallic gold, which, on burnishing, regained its beautiful 
and characteristic lustre. 

The following are some of the most important amalgams : — 

Copper Amalgam . — There are several methods of preparing this amalgam, the following being, 
perhaps, the best. A mixture of finelynlivided metallic copper (obtained by precipitating copper 
sulphate with metaUic iron) and mercurous sulphate is triturated under hot water for half an 
hour. After this the water is repeatedly changed until it is no longer blue. The mass is then 
dried, kneaded well and allowed to harden, when it consists of an amalgam of seven parts mercury 
with three parts copper. The peculiarity of this amalgam is its property of softening when kneaded 
and becoming quite hard again after standing some houra. It has been used by Parisian dentists 
as a stopping for decayed teeth, though, owing to the poisonous nature of the copper, it is not to be 
recommended for this purpose. 

Gold Amalgam. — This amalgam is formed when mercury is heated with powdered gold or gold-foil. 
It consists usually of two parts of gold to one of mercury. It has been found native near Mariposa, 
in California, and in the platinum region of Columbia. 

The readiness with which mercury combines with gold is made use of in the extraction of the 
latter from its ores. The ore is crushed in an iron mortar or battery, as it is termed. This is a 
simple iron trough, usually 4 or 5 feet long, 12 or 14 inches wide, and 9 inches deep, cast with a 
solid bottom 9 or 10 inches in thickness. The ends of the battery are lined with amalgamated 
copper plates, while another plate of the same kind, about 10 or 12 inches wide and as long as the 
inside of the battery, is so fixed in a frame that it may be set and secured in an inclined position 
behind the stamps by which the ore is crushed. A similar plate, though narrower, is generally 
used on the front or (Jjscharge side of the battery. Water is introduced into each battery by a 
number of small pipes. The mercury is placed in the batteries in small quantities, and it unites 
with the gold as the latter is liberated by the crushing process. The larger portion of the amalgam 
is afterwards found in the batteries, adhering to the copper plate, the remainder being caught by 
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the inclined plate placed outside the battery for that purpose. This plate is fixed at such an 
inclination that the stream passes steadily over its surface and allows the amalgam to adhere to it. 
The plate is giooved at right angles to the line of motion, thereby afibrding increased facilities for 
the contact of the two metals and the amalgamation of the gold. Teaving this plate, the stream 
flows into tanks or basins, carrying with it small quantities of amalgam not retained by the plate, 
and a little unamalgamated gold. The amalgam formed in the batteries and on the plate is cleaned 
up at intervals varying in length according to the richness of the ore. The outside plates are 
cleaned by carefully scraping off the adhering amalgam, first gently with a knife, and finally with a 
thick piece of hard gum or rubber which scrapes the surface closely without cutting or scratching 
it. The plates are then washed with water and prepared for use again by sprinkling mercury 
over them, and spreading the same evenly by means of a cloth, thus forming a freshly amalgamated 
surface. 

Iron Amalgam . — Iron will not unite with mercury under ordinary conditions. Small quantities 
of an iron amalgam have, however, been formed by immersing sodium-amalgam (containing 1 per 
cent, of sodium) in a clear, saturated solution of ferrous sulphate. 

Silver Amalgam . — This compound is formed by the union of mercury with finely-divided silver. 
Beautiful crystals of native silver amalgam have been found at Moschellandsberg, in the 
Palatinate, and in several other places. Mercury is used for silver extracting, in a process some- 
what similar to that described above for the extraction of gold. 

Sodium .dmalyam.— Sodium and mercury combine readily under ordinary conditions by being 
brought into contact one with another. The union is attended with much hissing and spluttering, 
and with a considerable evolution of heat. 

Tin Amalgam . — Tin and mercury combine readily at ordinary temperatures. If three parts of 
mercury be brought into contact with one part of tin, six-sided crystals of tin amalgam are formed. 
Tin amalgam is used for silvering looking-glasses. When pulverized and rubhed on the polishing- 
stone it forms a kind of mosaic silver. Electric amalgam may be made by melting tin and zinc 
together in various proportions in a porcelain crucible. The mixture is well stirred up, and when 
on the point of solidifying, the mercury is added and worked into the mass. The whole is next 
transferred to a mortar warm enough to keep the amalgam soft while it is well worked together, 
after which a piece of taUow or lard, not quite equal in bulk to the mass, is kneaded in until- the 
amalgam attains the proper consistency. 

Zinc Amalgam is formed by mixing and triturating zinc filings with mercury, at a heat some- 
what below the boiling point of the latter. It is usually prepared by pouring mercury into zinc at 
the temperature at which the latter is just kept in a fused state. Care must be taken to keep the 
liquid stirred, and to add the mercury slowly and in as fine a stream as possible. 

ANGEIiICA. (Fe., Angelique; Gee., Angelika.') Archangelica officinalis, or Angelica archan- 
gelica. — This plant belongs to the genus Angelica of the natural order UmbelUferce. It has a long, 
straight, fluted stem, rising sometimes to a height of 6 ft., and large leaves of a beautiful green, with 
greenish flowers in almost spherical umbels. Its fruit is ovoid in form and encloses two seeds. 
If these are not permitted to ripen, the plant, naturally triennial, becomes perennial. Its root is 
long and fusiform, with irregular rugose radicles. 

This plant does not grow abundantly in England, though it is sometimes cultivated in moist 
districts. It was originally brought from Syria, and is now naturalized in many parts of Europe, 
including Lapland, where it is much valued as an article of food, and as a medicine, the roasted 
stalks being supposed to possess great efficacy as a remedy for disorders of the chest. 

The angelica of commerce is chiefly prepared at Niort, in France, and at Hamburg, from whence 
the dried root is imported in casks. 

The stem, leaves, seeds, and roots are all aromatic and bitter. The root contains much resin 
and essential oil (angelica oil). It has long been used as an aromatic stimulant and tonic 
for nervous disorders, flatulence, and indigestion. So high, indeed, were the medicinal virtues of 
this plant in the estimation of the ancients that, in recognition of them, they applied to it the name 
which it now bears. 

The root and seeds are used by rectifiers and compounders in the preparation of gin and of 
liqueurs. The tender stems and the midribs preserved with sugar form an agreeable and 
wholesome sweet-meat. 

ANISEED. (Fb., Anis ; Gee., .dnis.) — The seed of the Pimpinella anisum, an annual plant of 
the natural order Umbellifera. This plant is characterized by its reticulate fruit aud by the Short 
duration of the stem, which is annual. It came originally from Egypt, and is now largely 
cultivated in France, Spain, and the East. It does not grow in Englani^ though attempts have 
been made to cultivate it. 

Aniseed is very aromatic, and has an agreeable smeU. It is universally used as a wholesome 
and pleasant ingr^ient in pastry, and as a flavouring for liqueurs. It has also been used medicinally 
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as a stinnilaiit, to relieve flatnlence, and sometimes in pnlmonaiy affections. The chief nse of 
aniseed is in the mannfactnre of a volatile, nearly colourless, oil, called oil of anise (oleum anisi). 
One cwt. of seed distilled with water yields about 2 lb. of oU. At Erfurt, in Germany, one 
of the principal sources of the oil, it is distilled frcHU the stems and leaves as well as from the 
seed. 

Anise-water — water flavoured with the oil and sweetened with sugar — is made largely at 
Bordeaux and at Amsterdam. As a cool and pleasant beverage, it is much esteemed. 

Star, or Chinese anise is the seed of the lUicium anisatum, of the natural order Magnoliacew. It 
owes its name to the star-like shape of the seed. It very closely resembles common aniseed, and 
yields an essential oil called oil of star anise {oleum badiani). The Chinese use star anise as a 
stomachic and as a spice. It has been largely imported into Europe from China and Singapore as 
a substitute for ordinary aniseed, the qualities both of its seed and of the oil so closely resembling 
those of common anise, that it may be used instead of the latter for almost every purpose. 

AQUA B.EGIA. (Fr., Eau rigale ; Geb., Ednigswasser.') Literally, Boyal Water . — The name 
given by the alchemists to a mixture in certain proportions of nitric and hydrochloric acids, which 
was found to possess the power of dissolving metals hitherto insoluble in any acid. This power is 
apparently due to the presence of free chlorine, and not, as has been stated, to a compound of 
chlorine, oxygen, and nitrogen. 

Aqua regia is also called nitro-mnriatic, nitro-hydrochloric, or hypochloro-nitrio acid. It is 
made by mixing the two acids in various proportions, of which perhaps the best is one volume of 
strong nitric to three volumes of strong hydrochloric acid. 

Aqua regia is used for dissolving gold, platinum, and other metals. 

AHGOIi, or ARGAli. (Fb., Tartrebrut; Geb., Weinstein .') — Argol is the crude tartar which, 
after the fermentation of wine, is deposited on the sides of the cask, along with tartrate of lime, 
colouring matter, &c., in a thick crust which may be easily detached. It is composed chiefly of 
bi-tartrate of potash or cream of tartar, but contains also varying proportions of bi-tartrate of lime ; 
it is red or white according to the colour of the wine. 

It is from argol obtained in this way that the refined cream of tartar and the tartaric acid of 
commerce are chiefly prepared (see Tartaric Acid). The neighbourhood of Montpellier, in France, 
is the chief centre of the manufacture of cream of tartar, which is carried on in the foUovring 
manner : — The crude tartar, after being reduced to powder, is dissolved in water contained in large 
vats, and heated to the boiling point. The water is kept at this heat for two or three hours and 
then allowed to cool and to stand for a day or two, at the end of which time the clear liquor is run 
off from the impure sediment at the bottom into wide-mouthed earthen vessels. The bi-tartrate, 
partly freed from colouring matter and other impurities, is then deposited in a thick bed of crystals. 
In order that these may be further purified they are once more dissolved in boiling water, in which 
has been placed, for every himdred parts of salt, eight or ten parts of a mixture of clay aud animal 
charcoal. The whole is boiled down until a thin film appears on the surface. It is then run into 
conical vessels and allowed to stand for eight days, or longer, according to the temperature. The 
alumina contained in the clay forms, with the remaining colouring matter, an insoluble compound 
which is deposited along with the animal charcoal at the bottom of the vessel, the sides of which 
become covered with beautiful, colourless crystals of pure bi-tartrate. These are left for some days 
on sheets in the open air to be dried and whitened by exposure to the sun. 

Cream of tartar is largely used for the manufacture of tartaric acid and the tartrates. The dyer 
employs it as a mordant for fixing colours on woollen materials. Mixed with whiting, it is much 
used for cleaning silver. In medicine, it acts as a mild purgative, but when used for this purpose, 
owing to its very sparing solubility in water, it is usually mixed with a quarter of its weight of 
powdered boric acid which renders it easily soluble. 

aromatic VHTEGAR. (Fb., Vinaigre de toilette; Geb., Aromatische Essig.') Acetwn 
aromaticum. — This is the name given to various mixtures of aromatic substances with strong, pure 
acetic acid. They are prepared chiefly in France, and in the following manner : — 

A quantity, about 20 lb., of crystals of acetate of copper, or verdigris, is broken up small, and 
placed in an earthenware retort of about 2 gallons capacity. The mouth of this retort is connected 
with a series of stoppered globes, each of which is constantly kept cool by a stream of water ; the 
last of these receivers is furnished with a safety tube, the end of which dips into a vessel filled with 
water. The whole apparatus is carefully tested, and the retort is placed in a reverberatory furnace 
and heated gently. pre acetate of copper is decomposed by the action of the heat into acetic acid, 
which passes over as a vapour, and is condensed in the receivers, and into metallic copper, which 
remains in the retort mixed with a little charcoal. When the vapours of acetic acid cease to be 
given off, the retort is withdrawn from the furnace, and allowed to cool. The 20 lb. of crystals 
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shotild yield about 10 lb. of crude acetic acid, of specific gravity 1 • 061 ; this acid is of a greenish 
colour, owing to the presence of certain salts of copper, which are formed and carried over during 
the operation. It is purified by further distillation in a glass retort, heated by a sand-bath, and 
fitted with a tubulated glass receiver. The moisture contained in the salt renders the first portion 
of the distillate too weak ; it is therefore rejected until the liquid in the receiver has a specific 
gravity of about 1 ' 07, when the distillate is collected. It then constitutes the purest and strongest 
acetic acid known. In this acid are dissolved various essential oils, such as oU of cloves, rosemary, 
thyme, lavender, mint, and rue. Camphor is also frequently added. The following recipe has been 
given by the Edinburgh Pharmacopoeia : — 

One pint and a half of acetic acid ; one ounce each of dried rosemary and thyme ; one half-ounce 
of lavender ; one half-drachm of bruised cloves. This mixture is to be macerated for a week, 
strained, strongly expressed, and filtered. 

The “ Vmaigre des quatre mleurs" contains the following substances : Camphor dissolved in alcohol ; 
the dried ends of the wormwood plant, rosemary, sage, mint, rue, garlic, dried lavender flowers, the 
root of the Acorus calamus, cinnamon, and nutmeg. It owes its name, it is said, to the fact that four 
thieves preserved themselves by its use from contagion while plundering the victims of the plague 
of Marseilles. 

Aromatic vinegars are antiseptic and disinfectant: they are largely employed as articles 
of toilet. 

AHSHNIC. (Fb., Arsenic; Geb., Arsenife.) Symbol, As. Combining weight, 75. — Arsenic 
is an iron-grey, brittle substance, possessing metallic lustre. It occurs native, in veins, in 
crystalline rocks, and the older schists. It is found in this country as the oxide and sulphides, 
in association with ores of tin and copper, and on the continent, with those of cobalt and nickel. 
Arsenic itself is a substance of no commercial importance, but some of its compounds, as the oxide, 
commonly called “ white arsenic,” or “ arsenious acid,” and the sulphides, orpiment and realgar, 
are largely used for various industrial purposes. 

White Arsenic. — The nature of white arsenic, or arsenic, has been fully treated of under 
the head of Arsenious Acid (see Acids); but it remains to describe here the processes by which it is 
obtained in this country and abroad. As already stated in the article referred to, the sources 
employed in England are chiefly the arsenical pyrites, or misplckel, which is smelted solely for the 
arsenic which it contains, and the ores of tin and copper, from which arsenic is obtained as a bye- 
product from the various smelting processes. The manufacture in this country is confined to 
Cornwall, Devon, and South Wales. In the former county, the Botallack and South Wheal Crofty 
tin mines, and the East Pool and West Wheal Seton copper mines produce large quantities of 
arsenic annually. In Devonshire, the Devon Great Consols, Wheal Friendship, and Maria and 
Fortescue copper mines, yield still larger quantities; the produce of the former mine is well 
known as the very best refined arsenic (“ D.G.C.” brand). 

Arsenic sublimes at 218° (421° F.) ; but in order to effect the thorough roasting of the ore, the 
temperature must be raised to low redness, but not beyond, since any increase of temperature above 
that which is absolutely necessary for sublimation, most be compensated for by a greater length of 
flue, in order that the vapours may be sufficiently cooled in their progress to be entirely deposited. 
This, of course, applies only to the ores (as mispickel) which are roasted solely for the sake of the 
arsenic which they contain. When tin and copper ores are employed, and arsenic is yielded 
merely as a bye-product, a much greater heat is required, and consequently the series of flues and 
condensing chambers must be longer in proportion, in order that the requisite space may be 
afforded for the cooling of the superheated vapours. 

The furnace in which the arsenical ores are most largely roasted is known as Oxland and 
Hooking’s calciner, and is shown in Figs. 273, 274, and 275. It consists of a long wrought-iron 
cylinder, lined with firebrick, 3 ft. inside diameter and 32 ft. long, placed at an inclination of 
1 in 16 to 1 in 24, according to the nature of the stuff to be treated, and supported upon rollers, upon 
which it is made to revolve at a very slow speed of six or eight revolutions per hour. The ore is 
supplied into the higher end of the cylinder, through a hopper fitted with a feeding-screw, and 
gradually traverses the length of the cylinder to the lower end, where it falls into a chamber, from 
which it is removed for further treatment. The heating furnace opens into the lower end of the 
cylinder and the volatilized arsenic and sulphur, &c., are carried off by a flue from the upper end ; 
this flue is extended to a considerable distance, and divided by baffle walls into a succession of 
chambers, in which the arsenic is deposited and periodically coUeoted. The time taken for the ore 
to pass through the calciner is from three to six hours. The firebrick lining of the calciner is 
constructed with four longitudinal ribs, projecting internally, as shown in ^he transverse section. 
Fig. 275, and extending two-thirds of the length from the lower end, as shown in Fig. 273 ; in the 
revolutions these have the effect of continuously stirring the stuff and exposing the whole of it to 
the heat. In this calciner, the stuff being supplied at the upper end, farthest from the heating 
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furnace, is exposed first to the lowest heat, and afterwards to a gradually increasing heat, as it 
works its way along to the hotter end of the calciner ; by this means the most advantageous effect 
is obtained fi-om the fuel consumed in the furnace. 

An older calciner, known as Brunton’s, consists of a horizontal revolving table, about 12 ft. in 
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diameter, enclosed in a shallow reverberatory furnace; the table is slightly conical in shape, its 
surface sloping downwards from the centre to the circumference. The ore delivered on the 
centre of the table, through a hopper in the roof of the furnace, is exposed to the flame passing 
through the furnace, and is continuously stirred by a set of scrapers fixed in the roof, whilst the 
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table rotates very slowly below them, making only about six revolutions per hour. The scrapers 
being set obliquely, shift the stuff gradually from the centre to the circumference of the table, 
where it falls off, and is collected in a chamber beneath. 

Fig. 276 represents the system of flues and condensing chambers employed at a large arsenic 
works in Cornwall. The flues are built of bricks, and are from three to four feet in width ; they 
are built underground, and covered with iron plates, which may be removed in order to gain 
access to the interior ; in some cases they are lined inside with slate. 

The chambers, which consist of a series of brick baffle-walls, are wider 
and higher than the ordinary flues. At stated periods, called “clearing- 
up days,” the calciners are laid off, the iron plates removed, and the flues 
entered by workmen, who sweep the deposited arsenic into heaps, and 
shovel it out. In some cases, there are two sets of flues from the calciners 
to the chimney, in order that while one set is being cleared out, the vapours 
from the calciner may be turned into the other, so as to avoid a stoppage 
of work. The flowers of arsenic, or rough white arsenic, of the smelters 
(the giftmehl, or poison-flour, of the Germans), obtaiued in this way, is 
next purified by re-sublimation in suitable iron pots, or other iron vessels, 
before it is fit for the market. It then forms a semi-transparent, vitreous cake, which gra- 
dually becomes opaque, and of snowy wliiteness, by exposure to the air, and at length acquires 
a more or less pulverulent state on the surface. 

The chief seats of the arsenic manufacture on the Continent are Altenberg, in Saxony, and 
Eeichenstein, in Silesj^. In these places the modus operandi is somewhat different from that 
pursued in England. After being crushed moderately small, the arsenical ores are roasted in a 
muffle furnace, in charges of about 10 cwt., spread carefully over the bed of the furnace in an even 
layer two or three inches deep. A fire is lighted beneath and the charge slowly raised to a full 




338 


AESENIC. 


red heat ; the heat should afterwards be slightly lowered, care being taken to maintain it at the 
same level throughout the operation. The charge must be constantly agitated, and air freely 
admitted during the whole process by allowing the furnace door to remain open. Twelve honra 
is sufficient to volatilize the whole of the arsenic, when the old charge is withdrawn and a new 
one introduced. The muffle furnace in common use is about 10 ft. long by 6 ft wide, and has a 
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fire under its whole length ; its bed should be slightly inclined. The raw ore is poured into the 
furnace by means of a funnel, and the vapours of arsenic and sulphur ere conducted through a 
channel into a condensing arrangement placed above, and called the “ poison tower.” This arrange- 
ment consists of a system of chambers placed one above the other, and numbering usually six in all. 
In their course through these chambers, the vapours are condensed and fall in a light powder on 
the floor ; that found in the first two is the purest, the rest being contaminated with more or less 
sulphur. After the withdrawal of each charge, the arsenic deposited in the upper chamber is 
raked into the lower ones, which are emptied about once every six weeks. The rake is inserted 
through small doors in the sides of the tower, and communication is eflected between the upper 
and lower chambers by means of trap-doors. Owing to the poisonous nature of the arsenic fumes 
the greatest caution is necessary in effecting the removal of the sublimed acid. The workmen 
should have their mouths and nostrils protected by moist linen, and should be covered from head 
to foot with a leathern dress and helmet, the latter being furnished with glass eyes. 

The further purification of tlie crude arsenic obtained in the above manner is carried on in an 
arrangement consisting of a series of iron pots, upon which are fitted cylinders of sheet iron, each 
terminating in an iron pipe connected with a condensing chamber. The pots, being open at the 
top, are charged with 3 cwt. of the crude acid, and the cylinders are fitted on by means of 
handles, the connections being carefully luted together. A fire is lighted beneath each pot, and 
heat is applied, at first moderately, but, after the lapse of half an hour, more strongly. The volati- 
lized arsenic is carried upwards, and condenses in the sides of the pipe, and on the floor of the 
chamber, from which it is afterwards detached in a thick, transparent crust, which becomes opaque 
on exposure. Great care is necessary in regulating the lire ; if the heat be either too strong or too 
feeble, the quality of the product is much impaired. It is customary to regulate the fire by the 
wai mth of the upper part of the cylinder, as felt by the hand. The end of the operation is ascer- 
tained by inserting a metal rod into the cylinder; if the process be complete, no arsenic will be 
sublimed upon it when withdrawn. The sulphur always contained in the crude arsenic is converted 
by the heat into sulphurous acid, and is conducted away by means of a chimney. 

At Eebas, in Catalonia, arsenic is obtained as a bye-product from the smelting of ores contain- 
ing small quantities of mispickel, by passing the gaseous products through a series of flues 
connected with the smelting furnace. The process is carried on in much the same manner as in 
Cornwall and Devon, except that the furnace is somewhat different in construction. It is made so 
as to allow the flame to enter the furnace, and to play upon the charge in*the interior, being shut 
off by means of a damper when required. The furnace bed is supported upon cross-walls of brick- 
work, through which the flame is allowed to pass when the damper is open ; when it is closed, the 
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flame passes tlirongh a flue into the chimney. There is another damper, also, which is closed when 
the flame is required inside the furnace, in which case the products of combustion are conducted 
away through a second flue. The process of refining or re-sublimation is precisely the same in 
Spain as that employed in Saxony and Silesia. 

Arsenic is extensively used in the manufacture of the sulphides, orpiment, and realgar, 
and of various pigments, such as arsenite of copper, or Scheel^s green, Schweinfurth green, and 
others. In glass-making, it is employed to combine with the iron contained in the sand, and thus 
to prevent it from imparting an objectionable tinge to the glass ; it also enhances the lustre and 
brilliancy of the better kinds of glass. Dyeing and calico-printing consume large quantities of 
arsenic, and it has lately received a new application in the manufacture of aniline dyes. Owing to 
the power possessed by arsenic of arresting putrefaction, it is employed by naturalists in the form of 
a soap for the preservation of stuffed birds and other organic specimens. In agriculture, it is used 
in solution as an anti-smut for seed wheat, and as an anti-vermin lotion for sheep and cattle, but 
its use is not free from danger, especially to the shepherds or dippers. In Spain and Germany, it 
is largely used in the preparation of fly-poison, vermin-killers, &c. Taken in minute doses, it is 
much valued as a powerful homoeopathlo remedy. 

The quality of commercial arsenic depends upon its purity. The best quality is perfectly white, 
but the presence of sulphur, due to its deposition with the arsenic in the condensing flues or 
chambers, imparts to the latter a highly objectionable yellow tinge. This is especially character- 
istic of the German article, which is often called “ yellow arsenic.” The arsenic from Swansea is 
also yellowish in colour, while that from the works in Cornwall and Devon is entirely free from 
sulphur. Beflned arsenic should be in compact, vitreous lumps, and perfectly free from particles 
of metallic arsenic; when of bad quality, it is in loose masses, more or less soft and friable, due to 
re-subliming the crude acid under too feeble a temperature. 

The manufacture of arsenious acid is carried on chiefly in the neighbourhoods where the mines 
containing arsenical ores are worked. Although arsenic is almost as widely distributed as any 
known metal, yet, with one or two exceptions, it is found only in such minute quantities as to be 
worthless for the purpose of extraction. Consequently the seats of this industry are few in number. 
In England, the most important works are scattered about in Cornwall and Devon. There are one 
or two also situated in the neighbourhood of Swansea, in Glamorganshire. The arsenic districts 
on the Continent are Altenberg and Freiberg, in Saxony ; Eeichenstein, in Silesia ; and the province 
of Catalonia, in Spain. The works at Altenberg and Eeichenstein are supplied by two mines of 
arsenical pyrites in Silesia. 

Arsenic has been manufactured in small quantities for a large number of years, but during the 
last twenty years it has undergone very considerable development. Although the production is 
confined to a small number of works — there being only about ten manufacturers in this country — 
these works have been extended from time to time in order to meet the rapidly increasing demand. 
The amount of capital needed to carry on the manufacture depends upon the manner in which the 
arsenic is obtained. If the arsenical ores are treated directly for this article, the plant required may 
consist of an ordinary reverberatory furnace, with flues and chimney of greater or less length ; but 
if the arsenic be obtained as a bye-product from the smelting of tin or copper ores, the only extra 
cost lies in the erection of flues and chambers in connection with the calciner. In either case, 
another reverberatory furnace and set of condensing chambers are required for the re-subliming 
operations. The most expensive item in the erection of the flues is the slate with which they are 
occasionaHy lined. 

The price of arsenic is constantly varying, between the limits of 11. and 151. per ton. It is 
ruled to a great extent by “ rings,” which consist almost entirely of merchants. This is illustrated 
by the course of prices during the first six months of the year 1878. A combination of merchants 
drove up the price from 71. to 121. in three weeks, all surplus stocks being got rid of by consignment 
to the United States. The combination, however, broke down, and the price of arsenic fell, almost 
as rapidly as it had previously risen, to 81. per ton. Such manipulations are readily carried through, 
because the make is small— only about 8000 tons per annum, and, as pointed out above, in very few 
hands (see Acids). 

Orpiment. (Fb., Orpiment; Geb., Auripigment.) Formula, As^Sj. — Orpiment, or trisulphide 
of arsenic, is a lemon or orange-yellow coloured substance, found native in Hungary, the Hart^ 
and other places ; the finest samples used by artists (golden orpiment) come from Persia. The 
commercial article is artificially prepared for use as a pigment in the following way 

A mixture of arsenious acid and sulphur is placed in an iron subliming-pot, similar to those 
used in the preparation of crude white arsenic. The mixture is then heated until the sublimate 
which immediately formt upon the rings fixed above the pot begins to melt. The proportions of 
the two ingredients used vary largely; the best colour# being probably produced when the mixture 
contains from one-third to one-fifth of sulphur; for the lighter colours, a smaller proportion of 
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sulphur is employed. Orpiment made in this manner consists of a mechanical mixture of sulphide 
and oxide of arsenic. 

As stated ahore, the chief use of orpiment is as a pigment ; but it is also employed as a dye ; in 
the preparation of fireworks, and in some depilatories. The native sulphide is preferred to the 
artificial variety by artists and dyers by reason of its richer colour (see Pigments). 

Realgar. (Fk., Sealyar; Geb., Rothes Schvxfelarsenik). Formula, AsjSj. — Realgar, or disulphide 
of arsenic, is a deep orange-red substance, soluble in water, and highly volatile and poisonous. It 
is found native in some volcanic districts, especially in the neighbourhood of Naples ; but the com- 
mercial article is made by distilling in earthenware retorts, arsenical pyrites, or a mixture of 
sulphur and arsenic, or of orpiment and sulphur, or of arsenious acid, sulphur, and cliarcoal, in the 
proper proportions ; it has not the brilliant colour of the native mineral, and is much more 
poisonous. 

On a large scale, the manufacture is carried on in the following way : — The ingredients are 
mixed together in such proportions that the mixture shall contain l.o per cent, of arsenic, and from 
26 to 28 per cent, of sulphur, in order to make allowance for the volatilization of a portion of the 
latter substance. The mixture is then placed in a series of earthenware retorts, which are charged 
every twelve hours with about 60 lb. ; this quantity should fill them three parts full. These are 
then gradually heated to redness for from eight to twelve hours, during which time the realgar 
distils off, and is collected in earthen receivers, similar to the retorts, hut perforated with small 
holes to permit the escape of these gases. After the operation, the receivers are emptied, and the 
crude product is remelted. This is performed in cast-iron pots, the contents being well agitated, 
and the slag carefully removed. The requisite amount of sulphur or arsenic is then added, accord- 
ing to the colour of the mixture, or else a proper quantity of realgar containing an excess of the 
required constituent, and the mass is again stirred. When, on cooling, it exhibits the correct colour 
and compactness, it is run off into conical moulds of sheet iron, cooled, and broken up ; it is some- 
times refined by re-sublimation. The chief use of realgar is as a pigment ; and in pyrotechny, in 
the preparation of white fires (see Pigments). 

ASBESTOS. (Fb., Astute ; Geb., Astest.) — This name, which is derived from the Greek word 
fiafieffTos, incombustible, is given to several varieties of amphibolic and augitic minerals. The 
commonest form occurs in masses of coarse, white, flexible, crystalline fibres, varying considerably 
in texture, and being sometimes so fine as to resemble silk, when it is termed “ amianthus” The 
fibres are found lying in parallel masses in extreme regularity, and may be easily separated one 
from another; the individual fibres are flexible and elastic, of a white or greenish-white colour, and 
a fine silky lustre. Its chief peculiarity is that from which it derives its name, viz. almost complete 
incombustibility. A single fibre, exposed to a strong heat, fuses to a white enamel, but when 
woven together into a kind of coarse cloth it is capable of resisting the highest known temperatures ; 
it is also quite indestructible by acids. 

Asbestos has been known upwards of two thousand years. According to Pliny, it was used in his 
time for weaving shrouds in which to wrap the bodies of important personages before submitting 
them to the flames of the funeral pile ; or it was spun into cloths and napkins to be used at feasts or 
on state occasions. In those districts where it is found plentifully it has been used by the peasantry 
from time immemorial for making the wicks of lamps ; its power of capillary attraction renders it 
particularly applicable to this latter purpose. The art of weaving asbestos or amianthus into cloth 
seems to have consisted in interweaving fibres of flax with those of the mineral, and then subjecting 
the cloth to a strong heat in a furnace. The flax was thereby consumed, and a fireproof cloth, com- 
posed entirely of asbestos, obtained. The Chevalier Aldini, of Milan, has invented a much stronger 
cloth woven without the intermixtiue of any foreign substance ; the cloth is made loose in texture, 
and the fibres are prevented from breaking by the action of steam. The Chevalier has also 
contrived a fireproof dress, made of the same material, for the use of firemen. Some years ago, the 
j Societe d*Encouragement offered a prize for the improvement of asbestos cloth ; and the use of it was 
publicly shown in London in 1858. 

The chief use of asbestos is for packing for steam pistons and pump-rods, stuffing-boxes 
and manhole plates, and to form a non-conducting covering for steam boilers and pipes : for all of these 
pmposes it is specially adapted, owing to its power of resisting moisture, friction, high temperatures, 
and even flame itself. In Great Britain, the chief centre of the asbestos manufacture is in Glasgow, 
where experiments made with this substance have of late resulted in the production of many articles 
of utility, one of the most important of w'hieh is the covering for boilers and steam-pipes, mentioned 
above. This covering is applied like ordinary cement or plaster, and is easily manipulated. A 
single layer, 1 in. in thickness, is amply sufficient. Its own adhesife properties render the 
assistance of other cementing material suP;rfluous. The cylinders of some steamers have been 
covered with this material with complete success. The price of this covering is the same as that of 



ASPHALT. 


341 


the ordinaiy Knds. An asbestos jointing in the form of a paste or cement, is also manufactured at 
Glasgow. On account of its impervious resistance to acids, oils, high-pressure steam, hot water and 
sugar liquors, this substance claims to be far more durable than those applications which have been 
formerly restricted to white and red lead or indiarubber. A mill-board jointing made of asbestos 
is also becoming an article of considerable importance as an economiser of labour in machine shops ; 
it can be etfeotively and reliably used on a rougher face than any other ; and thus the tedious and 
lengthy processes of “ getting up ” or “ facing ” are obviated. 

In America, where asbestos is becoming an article of extensive manufacture, it is employed in 
preparing a kind of lining, or sheathing paper, for ceilings, walls, and floors. These papers are 
made in rolls of any length or thickness, and can be printed with any pattern; not only do they 
render the building safer in case of fire, but they also have the desirable eflfect of keeping it cooler 
in summer and warmer in winter. Audesley, who owned considerable deposits of asbestos near 
Baltimore, introduced asbestos paper into the States with much success. Owing to the friability of 
paper made from asbestos, it can only be applied to coarse piurposes, although it is not impossible 
that its peculiar property of resisting heat might be of use under some circumstances. In 1853, a 
patent was taken out for the preparation and use of asbestos for this purpose. The pulp was 
mixed with alum, and an indestructible paper produced ; this paper burns with a flame, leaving a 
white residue, which retains the shape of the paper if carefully handled. Any writing in common 
ink is perceptible even after the organic substance of the paper is consumed. 

The common forms of asbestos found in lumps have been lately largely used in some kinds of 
gas-stoves for heating purposes. 

Common asbestos is not indigenous to any particular part of the globe, but occurs in abundance 
in most countries. It is found in the veins and seams of the serpentine formation of rocks, which 
are blasted to procure the fibre. The long, strong, fibrous quality, which is found in oufficient 
quantity for commercial purposes, is taken from the Italian Alps at elevations of several thousand 
feet; in this district alone at least one hundred different varieties are found, and no two localities 
seem to yield precisely the same fibre. In Great Britain it oocnrs in Cornwall, Inverness, Aber- 
deenshire, and in some islands in the north of Scotland. It also occurs in France, Italy, Hungary, 
Silesia, and very abundantly in Corsica, where it has been employed for packing minerals. In 
Greenland it is also found abundantly, and the fibres are still used by the inhabitants of this 
country for twisting into lamp wicks. The United States of America yield it in considerable 
qnantities. 

The price of asbestos ranges between 101. and 100/. per ton, according to the quality of the 
fibre. Owing to the many uses to which it is being put, it is likely to rise very much higher in 
price. It Is only lecently that asbestos, formerly nothing more than a mineral curiosity, has become 
an important article of commerce ; but there is every resison to believe that this substance will yet 
receive a much wider application, and that it will ultimately become a staple manufacture of this 
and other lands. 

There are three other varieties of asbestos, besides the common one, called respectively mountain 
leather, mountain wood, and mountain cork. In these three varieties the fibres are not parallel as in 
the common one, but are interwoven. Mountain leather is yellowish-white and tough, as its name 
implies; it is chiefiy found at Wanlock Head in Lanarkshire. Mountnin wood occurs in soft, 
tough masses; it has a brown colour, much resembling wood, and is found in Scotland, France, and 
the Tyrol. Mountain cork, or elastic asbestos, varies in colour from white to brown ; it is elastic 
and opaque, much resembling cork in appearance. 

ASPHALT. (Fb., Asphalte ; Geb., Asphalt.) — Asphalt, or native bitumen, is believed to be pro- 
duced by the decomposition of organic, and probably vegetable, matter, under the earth’s surface, in 
places where water is present, but air is almost entirely excluded. These organic remains being 
deposited in the beds of seas, rivers, and lakes, have been gradutdly enclosed in sand or clay, and 
have then undergone a process of decomposition, by which asphalt, petroleum, naphtha, pit-coal, 
and other substances of a similar nature are formed. The true varieties of bitumen have probably 
been formed from coal or lignite by subterraneous heat. 

When pure, asphalt is a black, or brownish-black solid, possessing a bright, conchoidal fracture. 
It fuses at 100°, emitting a strong smell of pitch, and bums with a bright flame. It dissolves in 
five times its weight of naphtha, but is insoluble in water and alcohol. It has a specific gravity 
of from 1 '0 to 1'2. 

Asphalt was formerly found in considerable quantities and in a very pure state on the shores 
of the Dead Sea, or Locus Asphaltites, whence it derives its name. Only a small quantity is now 
derived from this source* There are also beds of pure asphalt at Altona, in Albania ; at Coxitambo, 
in South America; in the Island of Barbadoes; and in the great Tar Lake of Tiinidud. This 
wonderful lake, or rather plain, is circular in form, about a mile and a half in diameter, and consists 
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of bitaminons scoriae, vitrified sand, and earth, cemented together. From its colour and smooth- 
ness it resembles a lake of water, and in hot weather its surface to a depth of some inches is 
covered with a thick, cohesive liquid, which emits a powerful sulphurous or bituminous odour. 
When dry, tlie surface is covered with little cracks or fissures, which when filled with water are 
almost invisible. The edges of the lake are almost always hard and cold, but the bitumen 
gradually becomes warm and softer as the centre is approached, where it is at last found to be 
boiling. According to Sir Charles Lyell, this lake is probably formed from the woody and vegetable 
matter carried by the Elver Orinoco into the surrounding seas, where, by the influence of currents, 
it is accumulated in particular spots. The decomposition of these beds of vegetable matter is then 
effected by subterranean volcanic action, and the bitumen so formed is by the same agency forced 
to the surface, where it becomes indurated by exposure to the air, thus giviug rise to the different 
varieties of pure and earthy pitch so abundant on the island. 

The substance now commonly called asphalt is a perfectly pure carbonate of lime (containing 
sometimes slight traces of silica), impregnated naturally with bitumen; this impregnation has 
been effected by geological agencies, of the precise date and particulars of which we know but 
little. It is in the proportion of about 7 or 8 parts of bitumen to 93 or 94 parts of the limestone. 
This mineral, which is found in layers interposed between beds of ordinary limestone, especially 
in the upper Jurassic formation, presents the following physical characteristics : — 

Its colour is a deep chocolate, almost black. Its fracture also resembles chocolate in 
appearance and colour ; it is granular and irregular, without any plane of cleavage ; its colour is 
deeper according as it is worked in the direction of the stratification or perpendicularly to that 
direction ; it is deeper and more floury in the first case, and drier and clearer in the second. Each 
individual mine has its own particular shade, which is always that of chocolate. 

In consistence, it varies with the temperature ; it is very hard and sonorous when cold, but 
softens when heated ; until at 50° or 60° it falls to powder. In winter, it may be broken easily 
with a hammer, like ordinary limestone ; in summer, it is softened by blows into a kind of paste. 
Its average specific gravity is 2 '235. 

Its structure varies in different samples, the produce of each mine being somewhat different 
from that of the others. 

Asphalt of the best quality may be known by the following conditions : — The grain is fine and 
homogeneous, and does not exhibit a particle of ordinary or white limestone. The rook is often 
lined with streaks of a darker colour than the rest, which give it very much the appearance of a 
tiger’s skin. Other samples contain crystals of carbonate of lime, impregnated with bitumen like 
the rest ; these crystals are sometimes of a considerable size. AH these varieties are perfectly good 
so long as they are completely penetrated by the bitumen. Bad qualities may be recognized as 
follows Sometimes the rock is regularly impregnated, but the proportion of bitumen is as 
low as 6 per cent., when it can be worked only with much difficulty. Sometimes the limestone is 
very hard and much cracked, the ciacks being filled with bitumen, so that, when broken, the 
fracture appears brownish black, like the good samples, but when examined with the microscope, 
the impregnation is seen to be very incomplete. Samples of this kind are frequently met 
with in Auvergne. Sometimes the limestone, while it appears rich in bitumen, contains clay, 
which, being impenetrable, spoils the homogeneity, and causes tlie fissures so often seen in streets 
paved with the material , the presence of clay in the sample is easily recognized. Some bituminous 
limestones, that of Lobsaun, for instance, contain an oily principle beside the bitumen, which 
renders them greasy and spoils the consistence of the mastic made from it ; this oil may be removed 
by distillation, after which the asphalt is fit for use. Wheu asphaltic rock has been long exposed 
to the air, the bitumen on the surface dries up, to a depth of about O'Ol of an inch. This desic- 
cation, which is due to the slow evaporation of the bitumen, is sufficient to discolour the asphalt 
so much that it becomes similar in appearance to ordinary limestone: blocks of this kind, which 
are suspected to contain bitumen, must be broken up to ascertain the colour of the interior. This 
evaporation rarely extends farther into the rock than ^ of an inch. By means of these indica- 
tions, it is easy to distinguish between good and bad asphalt, and they will be found very useful 
to those who have occasion to seek for this valuable mineral. To such also the following hints may 
be of use : (1) To search only in calcareous distiicts; (2) not to be content with the exterior colour 
of samples, but to break into them and inspect the interior ; (3) to examine the character of the 
mineral, and to determine the proportion of bitumen it contains by a process to be described 
hereafter. 

The discovery and application of asphalt to industrial purposes dates from the remotest ages. 
Many ancient Egyptian buildings bear traces of its use as a cement. D’Eyrinis, the discoverer of 
the Val-de-Travers mine, and author of a work on the subject publishe* in 1721, affirmed that 
Noah’s ark was coated with this material, and also that the Tower of Babel was probably cemented 
with it, basing these assertions upon the proximity of the mine of Siddim. These statements are 
not, however, worthy of credence, since asphalt cannot properly be used as a cement, especially in a 
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warm climate, except for the foundations 'of bnildings. At any rate it is certain that it was much 
nsed by the ancients for a variety of purposes, examples of its use being frequently found in 
Eastern countries. After this time, it was lost sight of, and does not appear to have been employed at 
all throughout the Roman era. In fact, it did not reappear until the eighteenth century, when 
D'Eyrinis, a professor of Greek, while making a geological excursion in the Val-de-Travers, in the 
canton of Neuehatel, discovered in 1710 a deposit of asphalt, which seemed to him to be identical in 
character with that found in the Bast. On making experiments, he found that the deposit consisted 
of limestone impregnated with bitumen, and that, by boiling, it afforded a mastic which closely 
resembled the Babylonian cement. The enthusiasm of D'Eyrinis passed all bounds, and from the 
pamphlet which he wrote some years afterwards, it would be supposed that there could be no possible 
purpose for which the mineral was unfitted. The pamphlet, however, hinted obscurely at some of 
the applications which have since been made, though certainly not that which has since proved the 
greatest success, viz. its use for paving purposes. The Val-de-Travers mine was, for nearly a 
century, the only known source of asphalt. The first asphalt pavements were constructed in Paris 
in 1838, and about this time another mine, that of Seyssel, on the Rhone, entered into rivalry with 
it ; both were worked for a long time, and enjoyed a period of very great prosperity. But as 
often happens to new industrial schemes carried on on so gigantic a scale, it fell into the hands 
of speculators, whose main object was not the successful working of the mine, but immediate 
pecuniary gain. “ A ring ” was formed which, in a few months, raised the price of the shares 
from 500 francs to 13,000 franca. It is scarcely necessary to say that this did not last, and in a 
short time the 13,000 franc shares were being offered at 25 francs each ! Asphalt, however, was 
destined to overcome these difficulties, and although it remained for some time in the hands of 
speculators, it eventually took its proper place as an important and profitable industry. At the 
present time, many of the streets of the principal towns of Europe are paved with it. Paris notably 
has been paved almost exclusively with it, and it has been laid down in many of the finest streets 
and squares in London. 

The chemical composition of asphalt is variable, as regards, at least, the relative proportions 
of limestone and bitumen. The purest varieties, such as those of Seyssel and Val-de-Travers, 
contain nothing but these two substances, in about the proportions already indicated. Those which 
are less pure, as, for example, the bituminous lime^ones of Auvergne, have been impregnated by 
volcanic agency, and contain, besides these, clay, silica, magnesia, salts of iron, &c. The Auvergne 
samples contain also traces of arsenic. As a general rule, it may be stated that samples of asphalt 
are valuable in proportion as they are free from these foreign matters. It is seldom necessary to 
make a qualitative analysis of asphalt, the constituents of each separate variety being perfectly well 
known. But it is often required to determine the proportion of bitumen entering into their compo- 
sition. This determination, moreover, has constantly to be made by persons unfamiliar with the 
processes of chemical analysis, and it is therefore deemed desirable to describe here a process 
recommended by Malo, which applies equally to all bituminous substances. A quantity (about 
200 grm.) of the substance is reduced to a fine powder, and dried by exposing it in a current of air 
heated to a temperature higher than 110°, but not above 150°, since above this temperature the 
bitumen may be altered by the vaporization of certain essential oils. After weU mixing this powder, 
about 100 grm, is takeu and placed in a beaker. About 100 grm. of pure carbon disulphide is then 
poured upon it, and the mixture is well stirred with a glass rod. After resting a moment, it is 
pomed into a weighed filter, having another beaker placed beneath. More carbon disulphide is 
poured upon the limestone remaining in the first beaker, well stirred, allowed to stand, and the 
clear portion again added to the filter ; this is continued until the powdered limestone is perfectly 
white, and the last portions of carbon disulphide added exhibit no tinge of brown. The limestone 
is then dried whilst the liquid iu the filter is running through. When perfectly dry, the limestone 
and the filter are weighed together, and after deducting the weight of the filter, the weight of the 
washed limestone is obtained, and, by diff'erence, the weight of the bitumen removed by the carbon 
disulphide. The following is an example of such a test : — 

Before the operation. 


Weight of bituminous limestone taken • 100 '00 grm. 

Weight of the filter 3-15 „ 

103-15 „ 

After the operation. 

Weight cjj the filter and washed limestone 92-17 grm. 

Weight of the filter alone 3 - 15 „ 

89-02 „ 
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From which it wiU be seen, by a simple calciilation, that the proportion of hitnmen oontained 
in the limestone was 8 '90 per cent. The correctness of the resnlt may be confirmed by evapo- 
rating in a water-bath, at 70°, the carbon disulphide. This is volatilized at 48° ; the bitumen 
remains as a residue, and may be collected and weighed, the percentage being thus determined 
directly. 

Bituminous limestones are now found in many different localities. It has been discovered in 
all the countries of Europe, and, indeed, in nearly all parts of the world. In what manner these 
rocks originally became impregnated with bitumen is stUl a mystery which geology cannot 
explain. In an exceedingly interesting pamphlet published by the Montrotier Asphalt and Cement 
Concrete Paving Company, the following explanation is advanced : — “ Gigantic masses of vegetable 
matter became, in the course of geological epochs, embedded in successive strata in the neighbour- 
hood of the primitive rocks. Then, during incalculable periods, these masses were exposed to 
intense rays of heat penetrating from the inner fires through the crust of the earth, which had not 
yet grown cool Under the action of this heat, stow combustion took place, till at length, conse- 
quent upon a disruption of the earth’s crust, a fissure, or a series of fissures, let out the imprisoned 
vapour, and this vapour of the consuming vegetable accumulations, escaping with a violence in 
proportion to the power by which it had been held back, came forth charged with the boiling 
bituminous substance, which it left, in passing, in the limestone strata, and the hot limestone was 
then impregnated with bitumen, forming this singular example of a mixture of vegetable and 
mineral elements.” 

Very few of these beds of bituminous limestone have been worked; some on account of the 
difflcnlty of gaining access to them, and others on account of the presence in the rock of certain 
foreign substances which render the asphalt useless for industrial purposes. Of the former class, 
there are several mines in Spain, rich in bitumen, but placed in such inaccessible situations that they 
do not pay the expense of working and transporting. Of the second ol.ass, are the limestones of 
Auvergne, which contain so much sand and other impurities as to be quite useless. Of the mines 
which are worked successfully, the most important is that of Seyssel. In the neighbourhood of 
this town, and situate on the banks of the Rhone, there is a hiU composed entirely of limestone, 
about 400 yards in breadth at the base. The presence of bitumen in certain portions of this hill 
has been known from time immemorial, as will be seen from the fact that it has been known for 
ages as Pyrimont, or the mount of fire. The right of working this limestone, and of extracting the 
bitumen, was first granted by the French Government to a man named Secretan, in the fifth year of 
the Republic. Secretan established a factory on the banks of the Rhone for the manufacture of 
asphaltic mastic, which for some years produced only small quantities, until, in the year 1838, the 
establishment in Paris of the first asphalt pavements gave an unexpected impetus to the manu- 
facture, and from that time it rose to a position of importance which it has maintained ever since. 
In the year 1855, the output from this mine was 1500 tons; in 1863 it reached the large amount 
of 10,000 tons. As regards production, this mine is still the most important, sending annually 
into the market, either in the rough state or in the form of mastic, from 9000 to 10,000 tons of 
asphalt. The factory close by the mine transforms aimmally from 7000 to 8000 tons of the mineral into 
mastic. The chief characteristics of the Seyssel limestone is the extreme variableness of the 
appearance of the mineral, and of its richness in bitumen, the constituents, pure limestone and 
bitumen, remaining always the same. 

The Val-de-Travers mine is very different from that of Seyssel. It is much richer in bitumen, 
but of considerably less extent. The bed of asphalt is covered with a thin layer of soil, underneath 
which is another layer of earthy asphalt, varying in thickness from 2 ft. 6 in. to 3 ft. The bed 
itself is circular in form, about 22 ft. thick and 160 yards in diameter. It contains 12 or 13 per 
cent, of bitumen, and it was the first kind ever employed in the construction of pavements. 

These two mines are by far the most important sources of asphalt; but there are several 
smaller ones from which an equally good product is obtained. Among these are those of Chal- 
longe, Chavaroche, Manosque, Lobsann, DaUet, and Pont du Chateau, aU of which are still being 
worked profitably. There is also a large mine at Maestu, near Vittoria, in Spain, the product of 
which is of a very fine quality. Unfortunately, access to this mine can only be gained by means 
of mules and oxen, which is a serious drawback to its successful working. 

The processes by which the lock is prepared for the market are four in number, viz. : (1) Extrac- 
tion from the mine; (2) Preparation (powdering, sifting, &c.) ; (3) Boiling, and (4) Casting into 
bloc^. The details of these processes are as follows ; — 

A’a-fracfiOTi.— Asphalt is ordinarily obtained from the mine by blasting, like other rocks. 
This is sometimes carried on in the open air, as at Seyssel and Val-de-Travers, and sometimes in 
underground workings, as at Challenge and Chavaroche. In winter, owinf to the hardness of the 
rock, the work is much easier than in summer, when it is more or less soft and sticky. It 
happens sometimes that the elasticity of the mineral cannot be overcome by gunpowder in 
which case it must be hewn out with the pick. In the very hot weather, the miners work for only 
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a few honrs in the morning, before the rock has had time to soften nnder the influence of the snn. 
These remarks do not, of course, apply to the extraction of the rock from underground workings, 
where these obstacles are avoided by the unvarying low temperature of such workings. The blocks 
of mineral should never be piled up in high heaps, as in such a case, an elevation of temperature 
would cause the undermost blocks to crumble to pieces, when, should the fragments become mixed 
with rain-water, the subsequent operations are much impeded. 

Preparation . — The preparation of the mineral consists in breaking it up, reducing it to powder, 
and passing it through sieves. The blocks of asphalt are generally reduced to the required size by 
passing them through a species of crushing-mill, constructed of two large metal rollers, placed 
at any required distance from each other, and furnished with steel teeth. During the summer, the 
asphalt is mostly broken by hand, the operation being much impeded by the softness of the rock, 
which almost resembles lead in consistence. The cost of breaking varies in winter and summer in 
the proportion of 3 to 5. 

The pulverization of the broken asphalt is effected in one of two ways, each of which admits 
of two different processes. If it be powdered by decrepitation, the rock may either be heated by 
means of a stove or by means of steam. If it be reduced to powder by crushing, either metal rollers 
or an ordinary crushing-mill may be employed. 

The first of these methods, viz. decrepitation, is now practically abandoned, owing to its high 
cost, as compared with the other. It will not therefore be necessary to describe the two processes 
here. 

The second of these methods, that of crushing the asphalt, is performed by means of two pairs 
of metal cylinders, one of which serves to break the stone roughly, and the other to complete the 
pulverization. This method is always employed with the more homogeneous rooks, which do not 
enclose particles of ordinary limestone. The cylinders of the first set are armed with spikes about 
5 or 6 centimetres in length, which overlap one another ; they are placed at such a distance from 
each other, that the rock is broken to about the size of an egg. After passing between these rollers, 
the crushed rook is passed by means of a hopper through the second pair. These are perfectly 
smooth, and placed only about half an inch apart ; their effect is to crush the fragments into a 
thick cake or paste, in which state the asphalt is ready for conversion into mastic. 

When the rock contained but little bitumen and a large proportion of oily matter, it was 
formerly crushed between mill-stones, but this plan has also been abandoned, and a kind of mill 
resembling a large coffee-mill is now exclusively employed to pulverize these asphalts. In spite of 
many defects it is the most expeditious and economical method yet devised. 

The sitting of the powdered rook is a very simple operation. When it leaves the mill, the 
powder falls into cylindrical sieves, which are made to revolve twenty-five times in a minute. The 
sieve is made either of wire or of perforated sheet-iron ; in either case, the apeiture is about in. 
in width. 

Boiling . — ^The powder which is collected from the sieve is taken immediately to the boilers in which 
the conversion into mastic is effected. These boilers are made of sheet iron, and are semi-cylindri- 
cal ; they are usually 6 ft. in length and 3 ft. in diameter, and are built over an ordinary brick 
furnace. Each boiler is fitted with suitable agitating gear, worked by steam, and with a metal 
hood, which is also semi-cylindrical, and furnished with door, through which the material is intro- 
duced. At the top of this hood, there is a pipe to convey away the vapours of steam which are dis- 
engaged abundantly throughout the operation. The bottom of the boiler is generally made of two 
sheets, one above the other, and fitting closely together ; the bottom one is much thicker than the 
other, and may be removed, in case of any damage done to the boiler, without necessitating the 
removal of the contents. 

The process is conducted as follows ; — About 3 cwt. of pure iitumen are thrown into the boiler, 
where it immediately begins to melt. When it has become sufficiently liquid, the agitator is set 
in motion, and the powdered asphalt is then added, little by little, each separate addition being 
made when the last has become well mixed with the liquid bitumen. This is continued until the 
mixture becomes thick and pasty, and begins to adhere to the Mm of the agitator, when it is 

ready to be cast into blocks. At this time, about 2 tons of the asphalt will have been added, and 

about 3 cwt. of essential oils will have been disengaged ; 2 tons of mastic therefore remain in the 
boiler. 

Casting into Block . — The mastic is ladled out in vessels, containing about 56 lb., into iron 
cylinders of about 6 in. in height, and 14 in. in diameter. These moulds are soaped in the 
interior in order to prevent the adherence of the mastic to the iron. In about four or five hours’ time, 
the moulds become cool, and the mastic solidifies ; this is hastened by sprinkling cold water upon 
them. The blocks |fay be easily detached by striking a light blow upon the side of the mould, 

when it instantly becomes detached, and may be turned out whole. Each block weighs about 

561b. 

Besides its use for paving purposes, asphaltic mastic has numerous other applications. A patent 
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was taken out in 1837 by Claridge, who applied it to paving roads and terraces, kitchens and stables, 
and to preserving buildings from damp. He also published a pamphlet, entitled ‘ Instructions 
for the Use of Seyssel Asphaltic Mastic,’ in which he gives a very full and complete description of 
the various applications for which this substance is fitted. 

If the mastic be required for roofing or other cement, it is reduced to powder and mixed with 
mineral pitch ; but if required for paving purposes, it is necessary to mix with it clean gravel or 
sea-grit. The ingredients are strongly heated for some hours in large cauldrons, and stirred by 
maehisery. The mastic is afterwards run into moulds and formed into blocks weighing about 
1 cwt. In this state, it may be easily transported from place to place, and melted down when 
required for use. 

Asphaltic mastic is ductile and elastic, and consequently very durable. It is used in France as 
a lining for the walls of stables ; for, owing to the toughness and elasticity of the surfeoe, no injury 
is sustained by the horses from kicking, nor is any damage done to the walk An asphaltic surface 
is easily laid down, and easily repaired ; weather has no effect upon it whatever. 

ASSAYING-. (Fr., Docimasie; Geb., Probirkunst .') — The term “assaying,” in its strictest 
sense, means the process by which the precious metals are separated from their alloys, or ex- 
tracted from their ores, and subsequently purified. Of late, however, the word has come to be used 
in a much wider sense, namely, the examination of ores and minerals, by any method whatever, 
with a view to ascertaining, first, what metal or metals they contain ; and secondly, -with as 
much accuracy as possible, how much of these metals. We wish, at the outset, to make a very 
broad distinction between the province of the assayer and that of the analytical chemist. The 
assay of a mineral is a mere mechanical process, depending to a very large extent upon manipula- 
tion and practice, by which the operator can quickly and easily estimate the character and value of 
the mineral brought under his observation ; whereas in order to conduct an exact chemical analysis, 
it is requisite that the operator should have much elaborate and costly apparatus, as well as a 
complete knowledge of chemistry, at his disposal. Having made this distinction, we shall endeavour 
as far as possible to avoid the use of all technical expressions which are familiar only to the pro- 
fessional analyst, and to confine ourselves to such information as will be of use to the miner, the 
mechanic, or the explorer, and to those methods which admit of being easily understood and 
employed with only a slight previous knowledge of chemistry, and which do not require any appa- 
ratus that cannot be easily made or readily procured by the assayer. Although the assayer who 
knows little or notliing of chemistry may attain a degree of accuracy hardly surpassed by an 
experienced analyst, at the same time we must remind the reader that so-called “rule-of-thumb” 
methods are not by any means to be recommended in preference to the more accurate methods of 
chemical analysis, and we must impress upon all who are engaged in mining or metallurgical 
operations the inestimable advantages to be derived from a thorough knowledge of chemical science, 
and the help afforded by understanding the chemical nature of the ores dealt with, and the 
various changes undergone by these in the process of assaying. 

The assay of a mineral may be divided iuto two parts : the qualitative assay, by which the 
composition of the mineral, or the nature of the metals which it contains, is ascertained ; and the 
quantitative assay, by which we determine the amount of valuable matter contained therein. In 
dealing with the former part of the subject, we shall describe the methods usually employed 
to estimate the character of the most commonly occurring ores. A practised assayer can frequently 
judge of the nature of different minerals by a mere inspection of them — by the colour, weight, 
fracture, &c., which they possess or exhibit ; but as it takes years of experience to do this with 
certainty, it is indispensable that those who have not gained this experience should possess some 
rough but sure means of discovering whether any ore brought imder their notice is valuable for 
smelting purposes, and if so, how much metal they may expect to extract from it. 

The system of examining minerals by means of what is termed “ blowpipe analysis ” is extremely 
valuable to the mineralogist, since it is readily performed and gives sufficiently reliable results. 
Though not, of course, so accurate as the system known as “ analysis by wet methods,” blowpipe 
analysis occupies far less time, and necessitates the use of very few reagents. Indeed, the operator 
can pack up all that he is likely to need in a small box or case, to be carried in his pocket, so that 
he may examine on the spot any mineral met with, in the course of his explorations. 

Blo-wpipe Analysis. — ^A brief description of tbe blowpipe, and its auxiliary apparatus and 
reagents, will here be of use. The best form of blowpipe is that shown in Fig. 277. It consists of 
a tube made of brass or German silver, and having a horn mouthpiece ; a second tube fitted with a 
platinum point is fixed into the end at right angles. The air-chamber serves to partially regulate 
the blast, and to contain the condensed moisture, thereby preventing the nqjrow air-passage from 
becoming obstructed. The whole is made to unscrew into three pieces, for the purpose of cleaning. 
In using the blowpipe, the lips are pressed against the mouthpiece, and the stem is firmly held ; 
the cheeks are infiated with air, which is expelled from the mouth through the pipe by contracting 
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the muscles of the cheeks, care being taken to inhale only through the nostrils ; by this means a 
continuous blast is kept up. When gas can be had, the best flame for the blowpipe is that of the 
Bunsen lamp. Figs. 278 and 279. In this lamp, the gas issues from a small central burner a, 
and passing unbumt up the tube e, draws air up with it through the holes d ; the 
blowpipe flame. Fig. 279, may be divided into two distinct parts : the oxidizing 
flame a, where there is excess of oxygen, and the reducing flame b, where there is 
excess of carbon. The flame of an ordinary small oil lamp is, however, sufiBcient for 
ordinary purposes ; this lamp shoifld have a flat wick, and refined rapeseed or oUve 
oil should be used. When a flame is propelled by a current of air blown into or 
upon it, the flame produced may be divided into two parts, possessing respectively 
the properties of reduction and oxidation. The reducing flame is produced by a weak 
current of air acting upon the flame of a lamp or candle ; the carbon contained in the 
flame is thus brought into contact with the substance to be examined, which is 
reduced. The oxidizing flame is formed by blowing strongly into the interior of the 
flame. Combustion is thus thoroughly effected ; and if a small piece of an oxidizable 
substance be held at the point of the flame, the former speedily acquires an intense 
heat, and combines freely with the oxygen of the surrounding air. The substance to 
be analyzed should, when exposed to the flame of the blowpipe, be supported on 
some infusible, and in many cases, incombustible, material. Other articles commonly 
used in assaying are crucible tongs, agate mortars, platinum wire and foU, forceps, 
test-tubes, &c. ; and for the preliminary examination of minerals, a strong pocket 
lens will often be found of use. The reagents most commonly employed are the 
following ; — Carbonate of soda, which must be anhydrous and perfectly pure, is used to reduce 
metallic oxides and sulphides, and to flux silicates ; borax and microcosmio salt are largely 
used for dissolving metallic oxides, in a manner to be described hereafter ; nitrate and cyanide of 



potash, nitrate of cobalt, and strong solutions of hydrochloric, sulphuric, and nitric acids are also 
used by the assayer, together with a variety 2 ^^ 


of other reagents. These should all be kept 
in stoppered bottles. 

The mineral to be examined, after being 
carefully separated from all foreign matter, 
is broken up small and finely powdered in 
an agate or steel mortar. Small portions 
of it may then be subjected to various 
simple tests, the results being carefully 
noted. If mercury, sulphim, or arsenic be 
present, they are readily detected by the 
formation of a sublimate when the sub- 
stance is heated in a clean, dry test-tube, 



and by the odour of the vapours which are evolved. A number of metals, such as lead, copper, 
iron, antimony, lithium, &c., may be recogniied by the characteristic colours which they impart 
to the flame, when a small portion is held in it on the end of a platinum wire. Others, such 
as iron, cobalt, manganese, chromium, &c., are detected by the power they possess of colouring 
a bead of borax or microcosmio salt. This is effected by forming a loop at the end of a platinum 
wire, and heating a fragment of borax in it rmtil it runs to a clear glass ; a minute quantity 
of the substance under examination is then added to the fused bead, which is again heated before 
the blowpipe, when the metallic oxide is dissolved ; the following results must be observed 
the colour of the bead in the reducing and oxidizing flames respectively ; and whether the colour 
so imparted be altered when the bead has become cool. Care must be taken only to add enough of 
the substance to give a slight tinge to the bead, or the colour may be too intense to be distinguish- 
able. When microcosmio salt, which is a combination of phosphate of soda and ammonia, is used, 
it should be fused upon platinum foil to expel the water and the excess of ammonia contained in it ; it 
is then used upon platinum wire in the same way as borax. The assayer should also make himself 
familiar with the incrustations formed by different metals when heated upon charcoal. To obtain 
these, a small hollow is cut in a block of close-grained pine-wood charcoal ; a small portion of the 
powdered mineral is placed in the hollow and heated in the reducing flame, with a mixture of 
carbonate of soda and cyanide of potash ; lead, antimony, bismuth, zinc, and cadmium are indicated 
in this way. He should be able also to distinguish between the beads of metal obtained by 
heating many metallic salts on charcoal with reducing agents. 


We have now to p^nt out the most characteristic tests for the more commonly occurring metals. 
Detection of Antimony . — When reduced on charcoal with carbonate of soda, it yields a brittle 
bead of metal, the charcoal at the same time being coated with a white incrustation of oxide. On 
continued heating, the bead volatilizes completely. A further teat may be made by acting upoa 
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the metal bead with a email quantity of nitric acid, by which it is converted into the oxide ; this 
substance is insoluble iu pure hydrochloric acid, but dissolves readily if a few drops of nitric acid 
be added ; on diluting the solution with water, a white precipitate is formed, which redissolves on 
addition of excess of hydrochloric acid. If a stream of sulphuretted hydrogen (formed by the action 
of sulphuric acid upon fragments of iron pyrites) be passed through the solution of the bead in 
hydrochloric acid, a brick-red precipitate of sulphide of antimony is thrown down. This 
precipitate dissolves readily on treatment with sulphide of ammonia, but is repreeipitated on 
addition of an acid. 

Detection of Bismuth. — Native bismuth fuses readily in either the oxidizing or reducing blowpipe 
flame, coating the charcoal with a yellowish-brown incrustation, which is somewhat darker in 
colour than that obtained from lead. The following is the most delicate test for the presence of 
bismuth : — A small quantity of the powdered mineral is heated in the reducing flame on charcoal, 
with pure carbonate of soda ; the metallic bead thus obtained will be observed to be of a reddish- 
white lustre, and, when cold, exceedingly brittle. It is dissolved in a little warm, dilute nitric 
acid. To the solution is then added a few drops of a liquid obtaiued by adding caustic soda to a 
solution of stannous chloride (the “ tin-salts” of commerce), until the precipitate formed at first 
is redissolved. The presence of bismuth is shown by a black precipitate of oxide of bismuth. 
Fused in a borax bead on platinum wire, bismuth imparts to the beaid a yellow colour while hot, 
which disappears on cooling. With microcosmic salt, used in precisely the same manner, only 
adding slightly more of the assay, bismuth gives a yellow bead which is also colourless, or 
sometimes enamel-white, when cool. The borax test for bismuth ought never to be relied on 
by itself, but only employed as confirmatory of the above method in the wet way. 

Detection of Cadmium.— 'When heated on charcoal with reducing agents, cadmium compounds 
give a brownish-yellow incrustation of oxide, which appears the moment the heat is applied ; this 
serves to distinguish it from that obtained from zinc compounds, which takes a much longer time 
to form. With borax or microcosmic salt cadmium compounds form a yellow bead, becoming 
colourless when cool. On passing a stream of sulphuretted hydrogen through an acid solution of 
cadmium, a bright yellow precipitate of sulphide is formed, which, on standing, darkens a little in 
colour. This sulphide may be distinguished from other yellow sulphides, thrown down by 
sulphuretted hydrogen, by its complete insolubility in sulphide of ammonia. 

Detection of Chromium. — The presence of this metal is generally determined by means of the 
blowpipe. All the salts, when fused with borax in either blowpipe flame, yield a beautiful 
emerald-green bead. The production of this bead in both flames serves to distinguish chromium 
from the metals vanadium and uranium, which yield a green bead only when heated in the 
reducing flame. All compounds of chromium, ignited with a mi.vture of nitre and an alkaline 
carbonate, form a chromate of that alkali ; if this be dissolved out with water and neutralized with 
acetic acid, the solution will give with lead salts a splendid, yellow precipitate of chromate of 
lead. The mineral known as chrome-iron ore, which is the commonest source of the metal, is 
generally recognized by its brownish-black appearance. 

Detection of Cobalt. — Compounds of cobalt reduced on charcoal with carbonate of soda, or other 
reducing agent, give a grey, magnetic powder of metallic cobalt. Fused with borax in eitlier flame 
of the blowpipe, cobalt gives a splendid blue bead ; this is a very characteristic test, and serves to 
detect the most minute quantities. If iron be present in large quantity, the bead will be tinged 
with green. Only a minute trace of the assay should be employed, or the colour will be so intense 
as to appear black. 

Detection of Copper. — All compounds of copper tinge the flame green. Fused with borax in the 
oxidizing flame of the blowpipe,' copper-salts impart a bright green colour to the bead while hot 
turning to a beautiful blue when cold. Eeduced on charcoal, before the blowpipe, with carbonate 
of soda or cyanide of potash, a bright red bead of metallic copper is obtained. The oxides and 
carbonates are reduced to metal without the aid of reducing agents. The metallic bead thus 
obtained, should be dissolved in a small quantity of dilute, warm nitric acid, iu a test-tube, and the 
solution, which is of a bluish colour, diluted with water until perfectly colourless. The addition 
of ammonia in excess now produces a deep blue coloration, which is obtained if the slightest trace 
of copper be present. 

Detection of Sold. —Gold compounds heated on charcoal with borax, in the inner flame, yield 
a yellow, very malleable bead of metallic gold, which may be readily recognized. Native gold is 
generally known by its colour and weight ; it is soluble in aqua regia, the dilute solution 
affording a purple precipitate (purple of cassius) on tieatment with chloride of tin ; this reaction 
will indicate the presence of one part of gold in 64,000 parts of liquid, by a faint tinge of the purple 
colour. , 

Detection of Iron.— When a very minute quantity of a powdered iron ore is heated with borax in 
the outer blowpipe flame, a yellow bead is produced, which becomes colourless on cooling; if a little 
more iron be added to the bead, it becomes red, turning yellow when cool. In the inner flame, the 
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bead is of a greenish colour. The presence of cobalt, chromium, and other metals interferes materially 
with these reactions; when the presence of iron is doubtful, it is advisable therefore to have 
recourse to the wet methods of analysis. The principal ores of iron are, however, so well known, 
that it is seldom necessary to submit the mineral to any test for this metal previous to its quantitative 
determination. 

Detection of Lead . — When heated on charcoal with reducing agents in the inner flame, lead com- 
pounds give a bluhh-white, very malleable bead of metallic lead ; around the bead is formed a yellow 
coating of oxide of lead, which becomes lighter in colour on cooling. The bead of metal is readily 
soluble in nitric acid, but with difficulty in sulphuric and hydioehlorio acids, unless strong and 
boiling ; sulphuretted hydrogen passed through the solution produces a black precipitate of sulphide 
of lead, insoluble in weak, cold acids. Sulphuric acid produces a white, heavy precipitate of 
sulphate of lead, soluble in hot, concentrated nitric acid, and in solutions of salts of ammonia. 

Detection of Manganese . — The presence of manganese may readily be detected by the borax 
method. In the outer flame of the blowpipe, a bead is obtained of a beautiful and very characteristic 
amethyst colour, which, when heated in the inner flame, becomes colourless. Only a trace of the 
powdered mineral should be introduced into the bead or the colour will be too intense. Another 
test, which is more delicate still, may be made by heating a mixture of the powdered mineral with 
twice its weight of carbonate of soda and a little nitre on platinum foil in the blowpipe flame, which 
is preferably directed upon the foil from beneath. If the least trace of manganese be present, it is 
at once converted into manganate of soda, which may readily be recognized by its bright green 
colour. 

Detection of .Ifcrcury.— Native mercury is, of course, recognized at once by its appearance, and 
cinnabar may also be known by its weight and colour. If a mineral containing mercury, powdered 
and quite dry, be placed in a narrow tube open at one end, and heated gently, it is decomposed with 
sublimation of metallic mercury in the upper part of the tube. When only a small quantity of 
mercury is present, the sublimate is not easUy distinguished from those of antimony and arsenic 
without the aid of a lens ; examined in this way, the sublimate will be seen to consist of minute 
globules of metallic mercury. 

Detection of Nickel . — It is difficult to detect the presence of nickel in its ores by the borax method, 
owing to the deep blue colour imparted by cobalt, which is almost invariably present also. When 
heated on charcoal with carbonate of soda in the reducing flame of the blowpipe, a grey, metallic 
powder is produced, which is highly magnetic. The fused mass should be powdered under water 
and stirred up with a magnet, or with a magnetized pen-knife ; the powder is attracted and may be 
withdrawn from the water adhering to the magnet, and then scraped off with a knife. When free 
from cobalt, nickel compounds heated with borax in the oxidizing flame yield a reddish bead which 
turns yellow on cooling. 

Detection of Potassium . — The estimation of the alkalies, potash and soda, is described separately 
in the article on Alkalimetry. 

Detection of Silver . — When mixed with carbonate of soda and heated on charcoal in the reducing 
flame, silver compounds are reduced to a bright white bead of metallic silver. This bead may be 
dissolved in pure, warm, dilute nitric acid. Hydrochloric acid added to this solution produces a 
white, curdy precipitate of chloride of silver, by which the least trace of silver may readily be 
detected. This precipitate gradually turns violet on exposure to daylight, ultimately becoming 
black ; it is easily soluble in solution of ammonia. 

Detection of Tin . — ^Heated on charcoal with carbonate of soda, tin ores yield a bright, malleable, 
metallic bead, no coating being formed around it This bead is soluble in hydrochloric acid ; the 
solution, when treated with mercuric chloride, gives a white precipitate of mercurous chloride; 
this precipitate becomes grey on heating, from reduction of metallic mercury. 

Detection of Tungsten . — When heated with borax in the inner flame, tungsten compounds yield a 
yellow bead, if sufficient quantity has been added ; if not, the bead is colourless. With microcosmic 
salt, in place of borax, the bead is blue, unless iron be present, the latter turning it blood-red. The 
addition of a small quantity of metallic tin to the bead reproduces the blue colour immediately. 

Detection of Zinc . — Heated with carbonate of soda on charcoal in the inner flame, all zinc com- 
pounds give a yellow incrustation of oxide, which turns white on cooling, and does not disappear 
when heated in the outer flame. With borax, they form a yellowish bead, turning white when 
cool, and opaque if much zinc be present. If the white incrustation or the white bead be moistened 
with a dilute solution of cobalt nitrate and then heated strongly in the outer flame, a rich green 
colour is produced. 

Valuation of Obes and Mineeals. — Having ascertained by examination the nature of the 
mineral, the assayer §ow proceeds to examine it further with a view to determining its value for 
smelting or other extracting purposes. The methods employed to effect this are very numerous. 
In many cases, the whole of the metal contained in a weighed quantity of the powdered ore may be 
obtained by subjecting the sample to a strong heat in a furnace with the aid of reducing agents, or 
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flnxes. In others, it is necessary to employ the longer and more tedious operations of analysis hy 
the wet way. Only the simplest and readiest methods will, however, be described here. It will 
be assumed that the operator understands the use of the balance, and is, to some extent, accustomed 
to the manipulation of apparatus, reagents, &c. 

For the operations which have to be performed on a large scale in the dry way, the following 
apparatus is usually required : — 

Crucibles. — These are of different kinds, according to the use for which they are intended. A 
full description of each will be found in the article on Crucibles. It is sufBcient to say that the 
most useful to the assayer are those made of a mixture of fireclay and sand, commonly called 
Hessian crucibles. Those made of plumbago, porcelain, and platinum are also sometimes indis- 
pensable. 

Fmuaces. — A description in full of the ordinary forma will be found in the article on Furnaces, 
but those of special construction, used exclusively for assaying purposes, will be described under the 
metal for the extraction of which they are employed. 

Cupels. — Tliese are small, round dishes, made generally of bone-ash or other porous material, 
which is capable of resisting high temperatures. They are made in the form shown in Fig. 280, 
and vary from i in. to 2J in. in diameter. 

Balance. — Two balances will be fotmd sufficient for ordinary purposes, one for rough, and one 
for delicate work. The former should carry 3 or 4 lb. in each pan, and should turn easily with a 
quarter of a grain. The other should carry 100 grains In each pan, but 
should turn quickly and distinctly with of a grain. 

Other necessary implements are crucible-tongs of all sizes, stirrers, 
a sand-bath, drying-oven, iron mortars, &c., &c. 

Assay of Antimony . — There are two methods of assaying the ores of 
antimony in the dry way, one being employed when the ore contains 
sulphur, as is generally the case, and the other when no snlpbur 
is present ; these will be described in turn. Owing to the ease with which antimony is vaporized, 
its assay must rather be considered as a commercial approximation than as being rigorously exact. 
When the pure sulphide is operated upon, its examination will be of but little value, since every 
100 parts of that mineral correspond to 72-8 of antimony. According to Mitchell, the best 
method of assaying the crude sulphide, which is by far the most important ore, is to mix it inti- 
mately with 4 parts of cyanide of potash, and then to heat the mixture gently in an earthen 
crucible. Only a low heat should be employed in order to avoid as far as possible sublimation of the 
metal. A bead of pure metallic antimony is found at the bottom of the crucible after the operation. 

The assay of antimonial ores containing sulphur may be performed by roasting them, and then 
fusing the oxidized residue with black flux, a substance formed by deflagrating 1 part of saltpetre 
with 2 or 3 or more parts of argol (crude bi-tartrate of potash) ; generally 1 part of saltpetre and 
parts of argol are taken. Or the assay may be performed by directly fusing the crude mineral with 
the addition of black flux and flnely divided metallic iron or with iron scale. Owing to its fusibility, 
and the readiness with which it is sublimed, sulphide of antimony must be roasted with much care. 
The operation should be conducted at a very low heat, and the assay should be constantly stirred 
with a thin iron rod until all the sulphur is burnt ofif. The residue being then fused with 3 parts 
of black flux, yields a bead of metallic antimony. 

Ores of antimony which do not contain sulphur, such as the oxides and native antimony, are not 
commercially of much importance. When freed from earthy matters, they are readily reduced to 
the metallic state by being gently heated with powdered charcoal. The assay may be conducted 
in an earthenware crucible lined with charcoal, without the addition of any flux. If, however, the 
ore contain much siliceous impurity, it is necessary to use a flux. For this purpose, the ore may 
either he intimately mixed with 2 parts of black flux, or with 1 part of carbonate of soda and 0 -25 of 
finely powdered charcoal. In this case, lining the crucible is unnecessary, and after it has remained 
in the fire until its contents are in a state of tranquil fusion, it should, on being withdrawn, be tapped 
gently against some hard body, to collect the fused metal into a compact button. When the crucible 
has become cold, it is broken, and the button extracted and weighed. Care is required in detach- 
ing it from adhering slag, since from its brittleness it would otherwise be liable to become broken, 
and a portion consequently lost. This method is inapplicable to ores containing sulphur in any 
quantity, as the sulphide when heated with black flux yields only one-half of its metal, the rest 
being retained in the slag. 

Assay of Bismuth . — When the ores of bismuth to be assayed consist of bismuth in the metallic state, 
or of oxides or sulphides free from admixture with other ores, the operation is a simple one. The 
powdered ore is mixed with the most fusible flux that can be obtained, and /used at a low heat in 
an ordinary fireclay crucible. A good flux consists of a mixture of 2 parts of carbonate of potash 
or soda, and 1 part of common salt, with a little red argol or cyanide of potash. 

But when, as is generally the case, the ore contains a large proportion of copper, the above 
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method cannot be adopted, because the copper is reduced also; and the necessity for a good 
method of separating the two metals has long been felt. A very simple means of effecting this 
has been devised by Hugo Tamm. The ores containing both bismuth and copper are the bismuth- 
copper pyrites, or the sulphides of the two metals, and their double oxides or carbonates. The 
method employed in each case is varied slightly. It depends upon the fact that in presence of 
alkaline fluxes, carbonaceous reagents or carbon itself reduce sulphide of bismuth to the metallic 
state, leaving the sulphide of copper unaltered. In the case of the sulphides, all that is required 
is to flux the ore with a mixture of carbonate of soda or potash and common salt, to which a 
little flowers of sulphur and powdered charcoal have been added. In this operation, metallie 
bismuth is extracted easily and is tolerably free from copper. When the mixed metals consist of 
oxides or carbonates, the only difference to be observed is in the proportion of sulphur employed. 
Three parts of ore should be mixed with from 2 to 3 parts of a flux composed of; — 

Carbonate of soda .. .. Sparta I Flowers of sulphur .. .. 2 parts 

Common salt 2 „ 1 Powdered charcoal . . . . 1 „ 

Iron stirrers must not on any account be used in this operation. There is an unavoidable loss 
of about 8 per cent, of bismuth which should invariably be allowed for in the result. The com- 
position of the flux and the amount employed may be varied to suit each particular case ; the 
operator will, after a few trials, be able to judge for himself of the most suitable proportions. 

A good method in the wet way is to dissolve 100 grains of the powdered ore in strong nitric 
acid. Evaporate the solution to dryness and add a little sulphuric acid. Evaporate again to 
dryness, and then add a little water acidulated with sulphuric acid. Filter ; add carbonate of 
ammonia in excess ; filter, wash and dry the precipitate, and then ignite it in a porcelain crucible, 
and weigh it. Every 100 parts correspond to 90 parts of bismuth. 

Assay of Cadmium. — Owing to its extreme volatility, cadmium cannot be assayed in the dry way. 
Except in the case of the mineral greenockite, it is always found in ores of zinc. It may be 
separated from the latter by dissolving the powdered ore in hydrochloric acid, and passing a stream 
of sulphuretted hydrogen through the solution. The cadmium is thrown down as sulphide, which 
must be dissolved by boiling with concentrated hydrochloric acid ; the chloride is thus formed, and 
this is converted into the carbonate by treating with an excess of ammonia. Finally, the carbonate 
is converted by ignition into the oxide, which, when mixed with one-tenth of its weight of powdered 
coal and distilled in a glass or porcelain retort at a low red heat, yields a button of metalUo 
cadminm. 

Assay of Cobalt and Nickel. — These two metals are almost invariably found associated together, and 
the operation of separating them from other metals with which they are found, and from each other, 
is one of the most useful, and also one of the most difiScult that the assayer may have to perform. 
The following methods, for which we are indebted to Oliver North’s ‘ Practical Assayer,’ are quite 
accurate enough for ordinary purposes. Fifty grains of the finely powdered ore are calcined in a 
clay crucible until quite free from sulphur. The calcined residue is mixed with an equal weight 
of metallio arsenic, and heated in a small French crucible, at a low heat, for ten or twelve minutes. 
A pellet of clay should be inserted in the tapering crucible, in order to prevent the rapid disengage- 
ment of arsenical vapours. The residue is detached, broken up, and mixed with a flux of the 
following composition : — 

Carbonate of soda 150 grains. 

Borax 50 „ 

Argol 50 „ 

The mixture is fused in a larger crucible of the same kind. The metallio bead obtained, con- 
taining both the metals, is poured out in the ordinary way and weighed, when cold. If iron be 
not present in the ore, about 5 grains of fine iron wire must be added as an indispensable condition. 

For commercial purposes, the following method is by far the best in use ; after a little 
practice, it yields very accurate results. Take 100 grains of the powdered ore and dissolve them in 
aqua regia. Dilute the solution with distilled water, and filter. Now pass a stream of sulphuretted 
hydrogen through the solution for half an hour. Filter again, and wash the filter with the 
sulphuretted hydrogen water. Boil the filtrate and peroxidize the solution with a few drops of 
nitric acid. If the filtrate be not oxidized, a drop of nitric acid will produce a dark colour, which 
appears only instantaneously, and must be closely watched. Add barium carbonate until alkaline ; 
boil, filter, and wash the precipitate ; then dry and ignite it in a crucible. The residue so obtained 
must now be fused with an equal weight of arsenic, as in the operation previously described. The 
button of metal reducKl, however, need not be weighed. If it be not much larger than a pea, the 
whole may be taken for the next operation, but if it be much larger, it must be broken up and a 
weighed quantity taken. During this time, the smallest and strongest muffle furnace proem able 
must have been urged to its utmost heat ; the back of the muffle should be difficult to sec on 
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account of the high temperature. Some small clay cups similar to those shown in Fig. 281, are now 
placed in the muffle to heat, and the operator proceeds as follows : — 

Kemove the door of the muffle, and place a little borax glass in one of the cups, and push 
it back to the far end of the muffle, and shut the door again. When the clay and borax are at 
the same heat as the furnace, wrap up tlie weighed piece of speiss in a piece 
of paper, and with the tongs drop it into the melted borax. The furnace 
should be hot enough to instantly melt the button, this being one of the in- 
dispensable conditions of the assay. There must only be sufficient borax to 
allow the melted button to revolve in, and not enough to drown the button. 

The button immediately begins to rotate, like a silver-lead bead in a cupel, and 
after a few moments the cup must be seized with the tongs and drawn 
quickly out, and plunged, bead aud all, as quickly as possible, into a basin of 
water. When cold, examine the borax, and if iron be stiU coming off, only 
the characteristic tinge of iron will he observed ; but if the very smallest trace 
of cobalt has come off, the borax will be tinged blue. Directly this occurs, the 

operator knows that only cobalt, nickel, and perhaps copper remain. Sup- | ^ ' | 

posing that no blue tinge appears in the borax, a fresh little cup is placed 
at the back of the muffle, the button again dropped in and cooled as before, untQ the blue tinge 
appears. The operation is proceeded with till all the iron is gone, when the button is taken and 
placed in a small crucible aud covered over with charcoal ; it is melted till no more arsenic fumes 
are given off, and is then treated exactly as before, occasionally testing the button to see when the 
cobalt is exhausted. When this point is gained, the button will stop revolving for a time, and the 
operator must be on the watch for this sign. The cup is now drawn out again, cooled, and 
borax examined for the characteristic reddish-brown colour of nickel. Any copper which may be 
present will come off last. In conducting this process the requisite heat is the only difficulty, but 
by adding some extra iron piping to the chimney of a Plumbago Crucible Company’s muffle 
furnace, placing some anthracites at the bottom of the fire, and carefully choosing the coke, a very 
high temperature may be got, as long as the muffle itself is a small one. The estimation of the 
metals by this process is as follows : — 

Product, after removal of the iron ani excess of arsenic = Ni, As -h Co., As, in varying proportions. 
Bemove the Co, As, and Ni4A3 is left. But when the weight of each is known, it is easy to 
calculate the relative amounts of nickel and cobalt. For instance, suppose the weight of the 
speiss of Ni,As -1- Co, As = 20 grains, and the weight of the Ni,As, after the removal of the 
Co,As = 10. The amount of Co,As = 10 grains by difference, Then 



Ni,As Ni, 

193 : 10 grains : ; 118 ; x. 

The answer is the amount of nickel in weight of speiss (Ni,As) which has been found in a given 
weight of ore. 

Co,As Co, 

193 : 10 grains : : 118 ; x. 


TTie answer is the amount of metallic cobalt in weight of speiss (Co, As) which has been found in a 
given weight of ore. As, however, cobalt is usually returned as protoxide, then we have— 

Co Co CoO. 

29'5 : found : : 37-5 ; x. 

The answer is the weight of protoxide of cobalt. 

Assay of Copper.— The assay of copper ores is conducted in many different waya Those 
methods which are performed in the dry way are uncertain and inaccurate, and will therefore not 
be described. The best method, and the one which is exclusively employed in the laboratories 
at the mines in ChUi, consists in dissolving a weighed quantity of the powdered ore in hydrochloric 
acid, and precipitating the copper in the metallic state by means of iron wire. It is performed in 
the following way : — 

The sample, carefully taken, is powdered roughly in a clean iron mortar, and afterwar<ls very 
finely in an agate or steel mortar. 100 grm. are then weighed out (if the ore be very rich 50 grm. 
Will be sufficient), and washed with as little water as possible into a flask of Bohemian glass, 
of about 8 oz. capacity. A small quantity, say two or three teaspoonfuls, of pure nitric acid is next 
t sulphur which the ore contains, and which must be entirely got 

V almost ceased, the flask must be placed upon a warm sand- 

ba , and heated gently. The sulphur, if any he present, will now be obs*rved floating upon the 
^f^e; if It not perfectly yellow in colour, a few drops more nitric acid must be added, and 
the liquid heated agam until the globule of sulphur, previously quite black, has become bri<^ht 
yeUow. The liquid m the flask must then be allowed to stand on the bath tiU perfectly dry 
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This done, a little pare hydrochloric acid, slightly warm and ahont equal in quantity to the 
nitric acid previously added, is run in, and the contents are once more dried off by the heat of 
the bath, the object of this being to expel the traces of nitric acid remaining. After driving 
out the acid fumes from the flask by blowing in gently through a glass tube, a little boiling 
water containing hydrochloric acid is poured in, and the contents are boiled gently until the yellow 
paste adhering to the sides of the flask is completely detached. This 
done, the liquid in the flask must be filtered into a large beaker in the 
following way : — Pour into the filter (shown In Fig. 282) about half the 
contents, and when it has run through, wash it down with a little 
boiling water ; now pour in the rest, taking care not to lose a single 
drop, and leaving as much as possible of the nndissolved residue 
^behind in the flask. Wash this residue with boiling water several 
times, pouring the washings into the filter, and finally wash in the 
residue ; then work the filter down from the top with a jet of boiling 
water from the wash-bottle. In order to be sure that no copper has 
been left in the flask, add a few drops of dilute nitric acid, and then 
a little solution of ammonia; the presence of copper is shown by a 
deep-blue coloration. When the filter has been thoroughly washed, 
the beaker containing the filtrate is heated gently in the bath. A 
piece of pure iron wire, perfectly clean, and about 4 in. in length, must now be heated on the sand- 
bath, and carefully introduced into the beaker, the contents of which must be nearly boiling. After 
standing some little time, the copper is precipitated, and forms a thick coating on the wire ; this 
coating is easily detached by gently shaking the flask, so as to expose a fresh surface. When the 
copper appears to be all deposited, a few drops of hydrochloric acid may be added, and the solution 
boiled again for a minute in order to extract the last particles. This done, the clear liquid is care- 
fully decanted into a clean evaporating dish, and, if no copper has been poured out with it, rejected. 
Boiling water is added to the flask, and again poured carefully away. The iron and copper are now 
to be washed into a porcelain capsule fitted with a lid and handle, and of about one pint capacity. 
In this the wire is rubbed gently with the fingers, so as to detach the whole of the copper, which 
should come off readily in thin cakes ; the wire is then thrown away. The copper must be washed 
in the capsule by adding and decanting boiliog water, taking care not to pour away the least 
particle. After two or three washings, a little hydrochloric acid must be added to dissolve any 
iron which may be present ; and, as it is important that none should be left, the addition of hydro- 
chloric acid, with subsequent washing, must be continued until no blue colour is produced by the 
addition of a drop or two of a weak solution of ferrocyanide of potassium to the acidified liquid. 
Finally, the copper is washed again with hot water, and drained off as dry as possible. Nothing 
now remains but to dry and weigh it. Five minutes’ gentle heating on the sand-bath in the 
covered capsule sufSces to dry the copper, and it is then brushed carefully into the pan of the 
balance with a camel's hair brush, and accurately weighed; the weight gives, of course, the exact 
percentage if 100 grm. were originally taken. 

After some practice, assays of copper ores can be made by this method in a little over an hour, 
with great accuracy. It is well to have two assays of the same sample going on at the same time, 
and to take the mean of the results as to the correct one. Until the operator has had consideiable 
practice, he will find that his results are generally too low, owing to a slight loss occurring in the 
washing. In using the above method, the assayer will do well to remember the following rules : — 
To be careful, in attacking the ore, to use enough nitric acid to free the whole of the sulphur ; if it 
contain only a small quantity, very little will be needed, but in the case of copper or iron pyrites, 
which contain a large percentage of sulphur, considerably more must be employed. The contents 
to be completely dried in the flask, for the purpose of rendering the silica insoluble and of driving 
off every trace of nitric acid. In washing the filter, not to use more water than is necessary, as the 
copper is more easily precipitated from a concentrated solution than from a dilute one. The washing 
should cease as soon as the ammonia test shows that all the copper has been washed down. To use 
only the best wire for precipitation, and to heat it to about the same heat as the solution before 
introducing it. As soon as all the copper is precipitated, to remove the wire, or an excess of iron- 
salts may be formed which is very difficult to get rid of. It is unnecessary to remind the operator 
to avoid any loss of the copper in the washing processes ; the washing should be examined care- 
fully before being rejected. 

This method has been proved by long-continued use to be reliable and accurate, and at the same 
time expeditious enough for all ordinary purposes ; it is, therefore, deemed unnecessary to describe 
other and more elabora^ processes. 

Assay of Gold . — Gold is usually found in the native state enclosed in other minerals. A rough 
assay may be performed by pounding and washing the ore, and collecting and weighing the separated 
gold ; but such an assay would be very inaccurate, because a large proportion of the fine gold would 
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be washed away. The best method, in all cases, is to assay the ore by the process of smelting. 
As gold ores are usually poor, it is useless to smelt a small quantity ; five ounces are little enough 
in any case for the production of a reliable assay. The ore is finely powdered and sifted, after 
which, at least an equal weight of litharge is added to it. In most cases, as when the ore is very 
siliceous or sulphurous, twice or three times its weight is required. The litharge must be pure, and 
is best obtained by drying acetate of lead at a strong heat, constantly stirring it, meanwhile, 
to prevent fusion. To the mixture of ore and litharge add a little black flux. Half an ounce of the 
latter will reduce metallic lead from the litharge in sufficient quantity to absorb all the gold 
contained in the five ounces of ore taken, which is the object of the process. If sulphides be 
present in the ore, a little nitre must be added ; but if there be none, carbonate of soda or borax 
may be used instead. The assay is performed in a crucible made of pure clay, or, better still, 
in an iron pot. When the latter is used, the contents must be poured out into a mould while- 
still hot, or if left till cold they will adhere firmly to the pot. They should be covered with 
a layer of common salt to facilitate smelting, and the separation of the gold. The melted lead thus 
obtained contains all the gold and silver derivable from the ore. Tlie gold is obtained in the pure 
state by destroying the lead and any other metals which may be present by means of a process 
called cupellation, now to be described. The process is founded upon the feeble affinity which gold 
and silver have for oxygen. The oxides of lead, &c., formed during the process, melt and sink 
into the pores of the cupel, leaving the precious metals behind perfectly pure and unoxidized. 
A cupel containing the lead to be refined is placed at the mouth of a muffle furnace, so as to receive 
the heat very slowly. When all moisture is expelled, the cupel is pushed farther into the muffle, 
and a stronger heat applied. The heat is now gradually increased, but if the lead becomes too 
lively, and particularly if there is a considerable evaporation, it must be reduced, or the vapours of 
the lead will carry away particles of the gold and silver. The best heat is that which just keeps 
the lead in the liquid state and allows the oxide formed to sink into the cupel and not form a cold, 
black ring around the hot lead. When nearly the whole of the oxide has been absorbed, the heat 
is increased to bright whiteness in order to melt the gold and silver into a round globule. When 
all the lead has disappeared, and the cupel contains only a bright, shining, metallic globule, it is 
removed from the muffle and cooled. When cool, the globule is detached, cleansed from dirt, and 
weighed ; the yield from an assay of this description is always a little too small. Gold and silver 
are almost invariably found alloyed together in all assays made immediately from the ore, and the 
separation of these two from one another, after cupellation, is an operation of much importance. 
To effect this in the dry way, the alloy should be mixed and melted with three times its weight of 
crude sulphide of antimony. The melted mass is run into a mould and cooled, and the button 
obtained is melted in a fresh crucible and treated as before. If, after the pot has been cooled and 
broken, the button is found to be brittle and hard, it should be subjected to the same process 
again, with the addition of a little saltpetre and common salt. If the button of gold still remains 
impure, more antimony must be melted with it, and the refining process repeated until a perfectly 
pure metal is obtained. When this is the case, the button represents the amount of gold contained 
in the five ounces of ore taken, and the difference between this weight and the weight of metal 
received from the cupel represents the amount of silver. 

One of the principal conditions of success in the process of cupellation is an accurate propor- 
tionment of the ore and the flux. Black flux is preferable to charcoal, but soap is better than 
either, as it penetrates every ramification of the mass, and its carbon is brought into close contact 
with every particle of the ore. Alkaline fluxes are objectionable, so far as they cause an ebullition 
of the mass ; and if sulphur be present, it will retain a portion of the gold. 

When the gold is in fine grains, such as wash-gold or amalgam, it may be purified by mixing it 
with a Bttle calomel or corrosive sublimate, heating it at first gently, and then raising the heat 
until it melts the gold. This operation should be performed in a new crucible; the silver and 
other metals are then lost by evaporation. The separation of gold from some metals, such as 
platinum, iridium, and copper, cannot be effected by the above method of cupeUation. Indeed, it is 
useless to attempt to separate them by a dry method; the alloy must be subjected to an elaborate 
chemical analysis, which it is out of our province to describe. 

of Iron.— the assay of iron ores by the dry method is not reliable, and, moreover, requires 
a much greater heat than is usually at the command of the explorer. We shall describe here a 
method by the wet way, known as the bichromate of potash method, which for accuracy, simplicity 
and quickness leaves nothing to be desired. ’ 

The standard solution of bichromate of potash is made by dissolving about 305 grains of the 
pure salt in 4 pints of distilled water. The operator now takes 10 grains of pure iron wire and 
dissolves it in pure, weak hydrochloric acid. He then dissolves 3 or 4 gwins of red prussiate of 
potash in half a pint of distilled water, to form the test solution. The remaining apparatus 
required is an ordinary grain burette, and a square white porcelain slab. He next dissolves in 
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strong, boiling hydrochloric acid in a flask 10 grains, or, if it be poor, 20 grains, of the iron ore to 
be assayed. The eolation of pore wire is then placed in a porcelain basin and dilated with water. 
A small quantity of the bichromate solution is run into it from the burette, and the contents of the 
basin are stirred meanwhile with a glass rod; the test is made as follows : — Dip a glass rod in the 
solution of prussiate, and make seTeral small drops with the adhering liquid upon the slab, which 
must be perfectly clean and dry. "Wipe the rod, and, after each addition of solution from the 
burette, stir up the contents of the basin, and take up a single drop upon the end of the rod, letting 
it mis with one of the drops of test solution on the slab. When not the faintest trace of a blue 
coloration appears when the two drops come into contact with one another, the test is finished. 
Bead off the number on the burette showing the number of grains of solution used, and note it down 
carefully. The solution of the ore is now diluted with water, and about 30 grains of crystallized 
sulphite of soda are added to it. It is next heated gently until quite colourless, and then well 
boiled to expel the sulphiu-ons fumes. The remainder of the process is precisely the same as in the 
case of the solution of the wire ; the liquid is transferred to a porcelain basin, and the standard 
solution is run in until a drop of the contents mixed with a drop of the prussiate solution produces 
no blue coloration. It is at first rather difiicult to see the last few tints of blue on the slab, but 
4kr a few trials it becomes perfectly easy. The calculation is simple in the extreme. If 10 grains 
of pure iron required the number of grains of the bichromate solution, previously noted down, then 
a simple propca-tion sum will give the amount of iron represented by the number of grains of 
bichromate solution just employed to neutralize the assay solution. When the strength of the 
standard solution is correctly known, any number of tests may be made with it in an hour, and the 
degree of accuracy attained after a little experience with this method is surprising. 

Assay of Lead . — The assay of lead ores is not a very difficult operation, but it requires care, 
inasmuch as the metal is very volatile, and if the heat employed in smelting be raised too high, a 
considerable quantity may be lost by evaporation. It is always conducted in the dry way. The 
commonest and best method is that recommended at the School of Mines. The ore is finely powdered 
and a sample carefully taken. A weighed quantity is then mixed with its own weight of carbonate 
of soda, one-fourth of its weight of borax, and a small quantity of argol ; most of the borax and a 
portion of the carbonate should be reserved to place on the top of the mixture in the crucible. The 
latter should be an iron pot, of convenient size, and shaped like an ordinary crucible. Having heated 
it first to a low red heat in the furnace, the above mixture is carefully introduced, and after a 
short time the heat is raised, keeping the top of the furnace closed. When the contents of the 
pot are in a state of complete fusion, the heat must be raised as high as possible for a few seconds, 
in order to cause all the reduced lead to run together in a globule. This done, it is allowed to 
cool for a moment and then poured out. The bottom, when cool, is carefully cleansed from 
adhering impurity and then weighed. There is always a certain amount of lead lost by volatiliza- 
tion, but with careful work the loss is less by this method than by any other. 

The following is a good rough method of assaying galena. Two hundred grains of the ore are 
finely powdered and mixed with 200 grains of carbonate of soda and 50 grains of argol in an 
ordinary crucible, which has been well black-leaded in the interior. Add a few bits of hoop-iron 
or a few nails, and then cover the mixture with 200 grains of common salt and 200 grains of 
anhydrous borax. Now place the crucible in the furnace and heat to bright redness. At this 
point, the cover of the furnace should be partially removed for a few minutes. Cover up again 
and heat once more to bright redness. When completely melted, the metal may be poured out in 
the ordinary way, after washing the pieces of iron. In employing this method, care must be 
taken to keep the fop of the crucible as hot as its contents, by covering it completely with bits 
of coke. 

Assay of dfonpanese.— Manganese ores are valuable in proportion as they possess the power of 
evolving chlorine, and as it is not the metal itself which possesses this power, but the peroxide, all 
assays of manganese ores have for their object the determination of the available quantity of this 
substance present in them. Many methods are employed for this purpose, of which the following 
are the best. 

1. Fifty grains of the ore (which must be powdered very finely in an agate mortar) are placed in 
a small fiask filled with a drying-tube containing chloride of calcium. Then add 1 J oz. of water and 
IJ oz. of strong sulphuric acid, and weigh the whole accurately. This done, remove the stopper 
and drying-tube and introduce 100 grains of pure oxalic acid, replacing the stopper immediately. 
Carbonic acid gas is now evolved with considerable effervescence, and is thoroughly dried as it 
passes through the drying-tube. When the action begins to slacken, the flask may be gently heated 
until no more gas cranes off. When this is the case, and the flask has become perfectly cool, it is 
again weighed. The^oss in weight represents the amount of carbonic acid gas disengaged, and 
therefore the amount of peroxide contained in 50 grains of the ore. 

2. Another method devised by Will and Fresenius is very commonly employed and gives capital 
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results. Fig. 3 represente the apparatus used, consisting merely of two Bohemian glass flasks 
and three pieces of tubing. Fifty grains of the iinely powdered ore are introduced into the flask A 
with 150 grains of neutral oxalate of potash. Into flask B is poured concentrated sulphuric acid 
until it is about one-third full. The flasks are then corked up and connected in the manner shown 
in the figure, and then accurately weighed. The tube b is then closed with a peliet of wax, and a 
little of the acid in the flask B is caused to flow over into A by sucking at the end of the tube d. 
Carbonic acid gas is then formed by the action of the oxygen contained in the peroxide of man- 
ganese, upon the oxalic acid, and it passes over into B, being deprived of any moisture which it may 
carry with it by the sulphuric acid in the flask ; through d it escapes into the air. This is repeated 
until no more gas is evolved. The plug is then removed from b and air is drawn through the 
apparatus by sucking at d. When quite cold, the whole is again weighed, the loss in weight, as in 
the former case, representing the quantity of peroxide of manganese in the ore taken. 

3. A more accurate method than either of the preceding, though a longer one, consists in com- 
bining the ore with iron and then estimating, by means of a standard solution of bichromate of 
potash, as in the case of iron ores, the excess of iron. The process is as follows : — Dissolve in pure 
dilute sulphuric acid (1 part of acid to 3 parts of water) about 30 grains (carefully weighed) of pure, 
clean iron wire, in a large flask, having a tightly-fitting stopper in which is fixed a tube, benlpo 
that the end of it dips into a small beaker containing water. Heat the flask nntil all the wire is 
dissolved. Now remove the stopper and tube, and add to the contents of the flask a quantity of the 
powdered ore equal to the iron previously taken ; then replace the stopper and let the flask simmer 
gently on a sand-bath until the manganese is all dissolved, or the only residue is a small quantity 
of white sand. The apparatus is then removed from the bath, and, as it cools, the water contained 
in the small beaker is allowed to flow into the flask, in order to thoroughly rinse out the tube. 
The contents of the flask are next diluted and allowed to become quite cool. Now, estimate the 
excess of iron unoxidized by the manganese, by means of the bichromate solution, of which 1000 
grains = 10 grains of iron ; this is done exactly in the same way as described under Iron (p. 354). 
The difference between the weight of wire originally taken and the weight indicated by the 
bichromate solution, represents the amount of iron which has been converted into peroxide by the 
action of the manganese ore, and fr'om this we can calculate the amount of peroxide in the 50 grains 
of ore taken for the assay. Supposing that we find 7 grains of iron remain unoxidized, then 
60 — 7 = 43 grains of iron oxidized by, the manganese. Now, 43 grains of iron correspond to 33-07 
grains of peroxide of manganese, therefore, as 50 grains of the ore were originally taken, the 
percentage of peroxide in the ore is 76-9. 

Assay of Mercury . — The only ore of mercury likely to come under the assayer’s notice is cinnabar, 
which is always assayed by distillation. The ore is finely powdered and mixed with half its weight 
of iron fiiings and some slaked lime or soda in an iron retort. The retort is then raised slowly to a 
strong red heat ; in its neck is placed an iron pipe about 2 ft. long and f of an in. wide ; this pipe 
is surrounded by another pipe, made of tin, so as to leave a space between the two. In this space 
flows a current of cold water, entering at the lower end of the pipe and passing out at the other. 
As the retort is heated, the mercury in the ore is volatilized, and condenses as it passes through the 
cooled tube ; it is then collected under water contained in an iron and porcelain basin. The retort 
should never be more than one-third full of ore, and great care must be taken to keep it entirely 
covered with fire, so as to prevent the fumes of mercury fr om condensing at the top. The iron pipe 
should be quite smooth on the inside in order that the metal may not adhere to it. Failing an 
iron retort, a stoneware bottle, or an earthenware jug may be employed. The mercury collected in 
the basin is put into a tared bottle and weighed ; it is not always perfectly pure, but sufficiently so 
to he depended upon, the amount of impurity never being very large. 

Assay of a'foer.— Silver ores are assayed in very much the same way as gold ores, differing, 
however, in the degree of heat used, silver requiring a higher temperature to smelt than gold does. 
If the ore be rich in silver, a quantity of litharge should be added to it ; the quantity may be 
optional, but should always be inversely proportional to the amount of lead already contained in 
the ore. One ounce may be considered enough in all cases for a good assay. Half an ounce of 
black flux, or, better still, of powdered hard-wood charcoal, is added to this, together with J oz. 
to 1 oz. of dried borax. The mixture is thrown loosely into a dry crucible, which should not be more 
than one-third full. A layer of common salt is spread on the top and the crucible is covered and 
exposed to a strong and rapid heat. 

If the ore contain nothing but sulphides, the smelting is comparatively easy. It is finely pul- 
verized, mixed with an equal weight of litharge and nearly half its weight of saltpetre. If it contain 
much iron or copper pyrites, the amount of litharge and saltpetre must be proportionately increased. 
Iron pyrites needs four times, and copper pyrites three times, the above wejght of saltpetre. The 
result of the smelting is an alloy of lead and silver which is afterwards submitted to the process of 
cnpellatiun, in the manner described under the assay of gold. 
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Assay of Tin . — The assay of tin ores is a difficult and rather unreliable process. An absolutely 
correct assay can be made only by the wet methods, or, as some prefer, by a partially wet and dry 
operation. The safest method of ascertaining the exact amount of tin in any ore is to submit it to a 
chemical analysis, made by an experienced chemist. We shall describe here a rough and practical 
method employed at the mines in Swansea. Take 100 grains of the ore, which must be very care- 
fully sampled, and mix it with twice its weight of powdered anthracite in a large blue pot, or black- 
lead crucible, covering the mixture with a thin layer of the powdered coal. Place the crucible in a 
furnace, in the most intense white heat that can possibly be produced, for a period of fifteen or 
twenty minutes, or until the mass has ceased to boil, and has settled quietly down in the crucible. 
Then remove ; stir the crucible weU with an iron rod, and heat again for the space of five or six 
minutes, after which the crucible may be removed from the furnace, and the contents poured into 
a metal mould. The slag should be scraped out into a basin as carefully as possible, pounded, and 
washed ; by this operation much tin may be saved and added to the ingot. In this way the ore will 
yield nearly aU the tin that it contains, but not quite. The metallic tin made by this assay is never 
pure ; it often contains 20 per cent, or more of other metals, which must be subtracted from the 
actual yield of the ore. In pure ores, this loss is found to be only 8 or 10 per cent. If powdered 
anthracite cannot be obtained, dry sawdust may be used instead. 

In employing the above method, great care must be taken to have the ore very finely powdered, 
the furnace at a strong white heat, and to pour the molten metal very carefully. The best way to 
perform this is to push back the slag from the surface with a piece of wood, to place the mould 
across the mouth of a large iron mortar, and then to pour out as much as possible. All that does 
not go into the mould falls into the mortar. 

The following method is proposed by Domeyko: — Treat 100 grains of the ore with aqua 
regia. Wash and calcine the residue, and mix with 20 grains of charcoal of white sugar. Put 
the mixture in a small porcelain crucible, and cover over with 100 grains of the same charcoal. 
Heat in a good muffle furnace for a quarter of an hour. Remove the crucible, and treat the 
residue when cool with aqua regia and precipitate the tin from the solution by means of pure 
zinc. . 

Assay of Zinc . — This metal is far too volatile to admit of its being assayed in the nsual way. The 
best plan, if the ore be blende, is to roast it thoroughly with powdered charcoal. The oxides do not 
require roasting, but must be heated in order to drive off the water and carbonic acid contained in 
them. This done, the ore must be powdered finely, mixed intimately with 15 or 20 per cent, of 
charcoal powder, and exposed to a strong heat in a black-lead crucible. It should be perfectly dry, 
and packed tightly into the crucible, which must be covered over with another, inverted. The zinc 
is entirely volatilized if the heat has been sufficient, and the remaining matter is scraped out of 
the crucible, and calcined in an open dish to remove the carbon. The weight of the residue from 
this operation, deducted from the weight of ore originally taken, gives the amount of oxide of zinc 
contained in the roasted ore, of which every 100 parts correspond to 81 parts of metallic zinc. Small 
quantities of other metals are always volatilized along with the zinc in this operation, so that it 
can only serve as a very rough guide. 

There are a few other substances besides the above metallic ores, which have now become 
of so much importance as articles of commerce that it has been thought desirable to incorporate 
into this article the methods employed to ascertain their respective commercial values. Some of 
these assays, such as those of fuel, sulphur, or limestone, enter as largely into the everyday work 
of the professional analyst as do those of copper, tin, or iron ores. The methods given are, in all 
cases, the simplest and readiest. 

Assay of Arsenic . — ^If it be required to determine the amount of pure arsenious acid in a sample 
of the crude article, the assay is best performed in the dry way. If no other volatile matters be 
present, the powder is sublimed in an earthenware retort, and the sublimate collected and weighed. 
In the other case, the acid must be dissolved out by means of boiling water, and the residue is 
weighed, the difference giving the amount of pure arsenious acid in the sample. 

The following method of assaying arsenical ores by the wet way is given in Crookes’ ‘ Practical 
A^ying ’ : — “ Digest the ore in strong nitric acid, adding occasionally a crystal or two of chlorate 
of potash until no more is dissolved, and there is no further action on adding fresh acid. Dilute 
with water, and filter; add to the filtrate nitrate of lead; wash the precipitate formed well on a 
filter, and ffigest it in dilute nitric acid ; this dissolves the precipitated arseniate of lead, leaving the 
sulphate. Filter, and saturate the filtrate with soda, which precipitates the arseniate ; this is col- 
lected, washed, dried, and weighed. Every 100 parts correspond to 22-2 parts of metallic arsenic, 
or to 29 parts of commercial arsenious acid.” 

Arsenical ores njiy be assayed in the dry way by heating them slowly to redness in an 
earthenware retort or cylinder. If they be sulphides, they must be previously mixed with potash 
or quicklime. A considerable portion of the sublimed arsenic is collected upon a thin iron plate, 
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rolled np, and inserted in the neck of the retort, and the remainder in a cone, made of copper foil, 
and luted upon the neck ; the cone has a small opening at the top for the free escape of gas. The 
sublimate is afterwards carefully detached and weighed. Commercial arsenic may he assayed in 
the same way by mixing it with 16 to 20 per cent, of charcoal. 

Assay of Coal.— The assay of coal is frequently an operation of much importance ; it consists 
generally in determining the moisture, the volatile and combustible matters, the fixed carbon 
(coke), and the sulphur contained in it. 

(1) Moisture.— Powder the coal finely, and heat 1 or 2 grains of it in a covered platinum or 
porcelain crucible, placed in an air-bath at from 100° to 115° for fifteen minutes. Then aUow 
the crucible to cool, and weigh it carefully, afterwards replacing in the air-bath, until its weight is 
constant, or begins to rise. The loss of weight indicates the amount of moisture in the quantity 
employed. 

(2) Volatile and Combustible Matters.— Heat the same crucible and its contents to bright red- 
ness over an ordinary Bunsen lamp for three and a half minutes, and then for the same space of 
time over a foot blowpipe flame. Allow it to cool and weigh it ; the loss from the previous weighing 
represents the volatile and combustible matters present, and includes half of the sulphur of 
any sulphide of iron which may be present in the coal. 

(3) Fixed Carbon. — Heat the same crucible over the Bnnsen lamp until its contents are perfectly 
white, and its weight is constant ; the loss represents the carbon present in the coal, together 
with half the sulphur contained in the sulphide of iron. 

(4) Sulphur. — Weigh out 15 to 20 grains of the finely powdered sample, and treat it with a 
little nitric acid and chlorate of potash in a flask until there is no further action ; then wash the 
whole carefully through a filter. If the residue in the filter contain any particles of nnoxidized 
sulphur, dry and weigh it, and then ignite and weigh it ; the ditFerence indicates the amount of 
sulphur unoxidized. Now add to the fiitrate a little pure hydrochloric acid ; boil, and add solutions 
of chloride of barium until the precipitate ceases to form. Boil well, and allow the precipitate to 
settle. Filter carefully, washing with hydrochloric acid, and finally with boiling water. Dry, 
ignite, and weigh the precipitate ; this weight, less that of the filter ash, nqjiltiplied by 16 and 
divided by 116'5, gives the amount of sulphur in the weight of coal taken. The weight of unoxi- 
dised sulphur, previously determined, must, of course, be added in. 

The following is another good method of determining the sulphur in a sample of coal : — Make a 
mixture of 1 part of the finely powdered coal, 8 parts of nitre, 16 parts of common salt, and 4 parts 
of carbonate of potash, all of which should be pure. Place the mixture in a platinum crucible, and 
heat it gently ; after a time the contents will take fire and burn. Then raise the heat until the 
mass fuses, and maintain the temperature until it becomes quite white. Allow it to cool, and 
dissolve it in water. Filter, add hydrochloric acid and chloride of barium, and proceed as in the 
above case. 

Assay of Guano. — (1) Moisture. — Weigh out 5 grm. in a platinum or porcelain crucible, and 
dry in a water-bath until the weight is constant. 

(2) Total Fixed Constituents. — The dried residue from the above operation is to be ignited at 
a low red heat till all organic matter is consumed, when the residue will be greyish white in 
colour ; the weight gives the percentage of fixed constituents, and acts as a check upon the 
subsequent results. 

(3) Insoluble Matter. — The residue from the above operation is to be boiled with dUute 
hydrochloric acid until all the soluble matter is dissolved ; the residue is then to be filtered, 
washed, dried, ignited, and weighed; the weight gives the amount of insoluble matter in the 
sainple. 

(4) Phosphoric Acid. — Dilute the filtrate from the above operation to 500 o.c. Take 250 c.c. 
and add ammonia in excess, to precipitate phosphate of lime and magnesia ; redissolve in acetic 
acid and divide the solution in half. One portion is to be tested for phosphoric acid by what is 
termed the “ uranium method.” Three solutions are required for this process : — 

1. Standard uranium solution, prepared by dissolving about 35 grm. of crystallized uranium 
acetate or nitrate in 900 c.c. of water, and adding 25 cc. of glacial acetic acid. 2. Sodium acetate 
solution, made by dissolving 100 grm. in 900 c.c. of water, and making up to 1 litre with strong 
acetic acid. 3. Standard calcium phosphate, made by dissolving 4-336 grm. of that salt in a small 
quantity of nitric acid, and making up to 1 litre with water. The solution must be standardized 
by determining the amount of phosphoric acid present with molybdio acid, as described in the hand- 
books of analysis. The uranium solution is now diluted with water until 20 c.c. are exactly 
precipitated by 50 c.c. of the phosphate solution. Fifty c.c. of the latter are placed in a beaker ; 
5 c.c. of acetate solution are then run in, and afterwards about 10 c.c. of the ijfanium solution, with 
constant stirring. After this it is added more slowly, in quantities of about 1 c.c., or 0-5 c.c. at a 
time, testing the liquid as follows, after each addition. A few drops of the liquid in the beaker are 
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brought upon a porcelain slab, and brought into contact with a small crystal of ferrocyanide of 
potassium; a reddish-brown coloration shows that excess of the uranium solution has been added. 
If there is no coloration, the addition of test-solution is continued until a drop of the liquid, when 
tested with ferrocyanide of potassium, shows that a slight excess has been run in. The requisite 
quantity of water is now added to the solution in order that 21 c.c. shall exactly correspond to 
50 c.c. of the phosphate solution. Every cubic centimetre of the uranium solution of this strength 
corresponds to 0 • 05 grm. of phosphoric acid. 

Having made these solutions, and brought the uranium solution to the correct strength, it is 
easy to apply the process to the estimation of the phosphoric acid in the sample of guano, 50 c.c. of 
the acetic acid solution being treated exactly as described above. The uranium solution should be 
checked with the standard phosphate solution every time before using, and two or more estimations 
of the same sample should be made. About the 
same quantity of sodium acetate must be used in 
each test. 

The other half of the acetic acid solution 
may, if it be required, be tested for lime, mag- 
nesia, and alkalies. 

(5) Ammonia. — One grain of the guano is 
carefully weighed out and placed with a little 
water in the small flask A, Fig. 283 ; the tube d 
is filled with a strong solution of caustic mag- 
nesia ; the larger flask B contains an accurately 
measured quantity of standard sulphuric acid 
which has been poured through broken glass 
contained in the tube o. The apparatus being 
made quite air-tight, a portion of the magnesia 
is caused to flow into the flask A by opening the 
clip ; it is then heated by a Bunsen lamp until 
the contents are brought to gentle ebullition. 

Great care must here be taken, by regulating 
the heat, to prevent any tendency to boiling 
over or frothing, to which the contents of the 
flask are very liable. The lower eud of the dibtillmg tube reacljes to the surface of the acid 
in the flask B. The ammonia contained in the sample ia now evolved in the gaseous state and 
passes over into the standard acid, which must of course be in more than sufiBcient quantity to 
neutralize the whole of it. EbuUition is kept up for ten or fifteen minutes, and the apparatus is 
then left to stand for the same period in order to allow all the ammonia to be absorbed ; the flask is 
then boiled again for a minute and allowed to become cool. When cool, the clip is opened and air 
is blown through to force any remaining gas to pass into the acid ; the tube c is then washed down 
with distilled water, and the contents of the flask B are titrated with standard alkali (see Alkali- 
metry) to determine the excess of acid. This excess, deducted from the quantity previously 
introduced, gives the amount of acid which has been neutralized by the ammonia given off. This 
method, of course, gives only the ammonia contained ready formed in the guano. 

(6) Total Nitrogen. — In order to estimate the total amount of nitrogen in the sample by con- 
verting it into ammonia, 0*5 to 1 grm. is dried in a water-bath and mixed with soda lime in a 
combustion tube, closed at one end, about 14 in. long and J in. in diameter. A small quantity of 
a dried mixture of oxalic acid and soda lime is placed in the closed end of the tube, and then the 
mixture of guano and soda lime is introduced, leaving a space of about 2 in. at the open end to be 
filled with more soda lime ; the end is finally closed with a stopper having a Varrentrap and 
Wiirs nitrogen bulb arrangement fixed in it; these bulbs contain a sufficient quantity of standard 
sulphuric acid. The tube is then heated in a combustion furnace ; a strong heat is applied to the 
end containing the oxalic acid, by which means a current of carbonic acid is produced, which drives 
the ammonia evolved through the tube into the bulbs. When this current slackens, and before the 
acid in the bull® has time to nm back into the hot tube, the stopper is withdrawn, and the acid 
solution is washed from the bnlbs into a beaker and the excess of acid determined, as in the previous 
case, by titrating with standard alkali. 

Assay of Gunpowder. — An assay of gunpowder comprises the determination of moisture, nitre, 
sulphur, and charcoal, and is performed in the following manner : — 

(1) Moisture. — ^Weigh out about 75 or 80 grains of the powder, and dry them over concentrated 
sulphuric acid, or in air-bath at 40°, until the weight is constant. The loss in weight repre- 
sents the moisture. 

(2) Nitre. — eigh out about the same quantity and moisten it with a little water, triturate in 
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a small mortar and wash it into a filter, washing it down thoronghly with hot water. Evaporate 
the filtrate to dryness in a small weighed porcelain basin; heat the residue for some time at 200°, 
or even until the nitre fuses, and then weigh it carefully. 

(3) Sulphur. — Weigh out about 75 grains, and miv intimately with the same quantity of anhy- 
drous carbonate of soda and of nitre, and 300 grains of decrepitated salt. Heat the mixture to 
redness in a platinum crucible ; allow to cool ; dissolve the mass in water ; filter and wash it 
thoroughly; add to tbe filtrate a little nitric acid, and a slight excess of chloride of barium, until 
no more precipitate is formed ; then proceed precisely as in the assay of sulphur in coal, described 
above. 

Or another method of determining the sulphur in gunpowder consists in treating the washed 
residue from the assay of the nitre with bisulphide of carbon, by which means the whole of the 
sulphur is dissolved out, and nothing is left but a residuum of charcoal. The weight of this charcoal 
added to that of the nitre previously found, and subtracted from that of the weight of dried powder 
originally taken, gives the quantity of sulphur contained in it. 

(4) Charcoal, — If the assay of the sulphur be performed by the first of the above methods, the 
amount of charcoal is found by difference ; if by the second method, the weight of the residue after 
treating with bisulphide ef carbon gives directly, and with sufficient accuracy, the amount of char- 
coal present. When it is required to determine the ash in the charcoal, it may be ignited in 
a porcelain or platinum crucible, and weighed until the weight is constant. 

Assay of Limestone. — In an assay of limestone for ordinary purposes, it is sufficient to determine 
the moisture and organic matter, silica, iron and alumina, lime and magnesia. 

(1) Moisture and Organic Matter. — These are determined by heating the finely powdered 
sample to low redness. If, owing to the presence of organic matter, the heating be necessarily 
prolonged, the mass must be moistened with solution of ammoninm carbonate. The crucible 
must be kept securely covered. 

(2) Silica. — Dissolve 1 grm. in dilute hydrochloric acid in a covered beaker ; evaporate to 
drymess, and weigh the dry residue. 

(3) Oxides of Iron and Alumina. — These are precipitated by ammonia in the filtrate from the 
previous operation. The precipitate is collected, washed, redissolved in hydrochloric acid, and 
again precipitated by ammonia, in order to free it from adhering lime. It is then collected, iried, 
and weighed. 

(4) Lime. — To the filtrate and washings from the previous operation add excess of ammonium 
oxalate ; allow the precipitate to settle, wash once by decantation ; redissolve the oxalate in hydro- 
chloric acid ; add water, and ammonia in excess, and reprecipitate with oxalate of ammonia. Collect 
and weigh in the usual manner. 

(5) Magnesia.— The magnesia is determined by means of sodium phosphate and free ammonia 
in the filtrate and washings from the previous operation. 

Assay of Nitrate of Potash . — The percentage of pure nitrate in a sample of commercial nitrate 
of soda or potash is generally estimated by difference, the impurities only being directly esti- 
mated ; these are moisture, insoluble matter, sulphate of soda or lime, and common salt. Moisture 
is determined in the usual way. 

(1) Insoluble Matter. — Dissolve about 7 grm. in water; collect, dry, and weigh the undissolved 
residue. 

(2) Sulphuric Acid. — Dilute the filtrate from the previous operation with water, boil, and 
precipitate with a solution of barium chloride, a little hydrochloric acid being also added. The 
weight of sulphate of barium obtained is calculated as sulphate of sodium, or as sulphate of lime, 
according to the quantity of lime found in the sample. 

(3) Lime. — The lime may be determined in the manner described nnder the head of lime- 
stone in the filtered solution of a few grammes. 

(4) Chloride of Sodium. — The readiest method of determining the chloride is by means of a 
standard solution of B^Jver nitrate. This solution is run in from a burette upon the filtered solution 
of 5 to 7 grm. of the sample, containing a few drops of a neutral solution of chromate of potash, 
until the orange tinge produced by each drop of the silver solution remains just perceptible 
after stirring ; the point at which the reaction is complete can be easily recognized after a few trials. 

The silver solution is made by dissolving 16-97 grm. of pure nitrate of silver in distilled water 
and making up to 1 litre. It now contains one-tenth of the combining weight of the salt per litre, 
therefore each cubic centimetre is exactly equal to one ten-thousandth part of the combining weight 
of common salt, or 0-00585 NaCl. In order to find its exact strength, it should be standardized 
with pure chloride of sodium. The solution must be quite neutral, and that to be tested either 
neutral or very slightly alkaline ; the chromate of potash should also be ^eutral and free from 
chlorides. 

A process for estimating the quality of nitrate of potash is given in the article on Potash, p. 276. 

T.A.P. 
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ATOMIC WEIGHTS. — The following are the atomic or combining weights of all the 
elementary bodies yet discovered: — 


Name. 

Atomic Weight. 

Symbol. 

Name. 

Atomic Weight. 

Symbol. 

Aluminium .. 


27-4 

A1 

Molybdenum .. 


96 

Mo 

Antimony 


122 

Sb 

Nickel 


59 

Ni 

Arsenic .. 


75 • 

As 

Niobium .. 


94 

Nb 

Barium .. 


137 

Ba 

Nitrogen.. 


14 

N 

Bismuth .. 


210 

Bi 

Osmium .. 


199-2 

Os 

Borax 


11 

B 

Oxygen .. 


16 

O 

Bromine .. 


80 

Br 

Palladinm 


106-5 

Pd 

Cadmium 


112 

Cd 

Phosphorus .. 


31 

P 

CsBsium .. 


133 

Cs 

Platinum 


197-1 

Pt 

Calcium .. 


40 

Ca 

Potassium 


39 

K 

Carbon .. 


12 

G 

Rhodium 


104-4 

Rh 

Cerium .. 


138 

Ce 

Rubidium 


85-4 

Rb 

Chlorine .. 


35-5 

Cl 

Butheninm 


104 4 

Ru 

Chromium 


52-4 

Or 

Selenium 


80 

Se 

Cobalt 


59-8 

Co 

Silicon 


28-5 

Si 

Copper .. 


63-4 

Cu 

Silver 


108 

Ag 

Didymium 


95 

Di 

Sodium .. 


23 

Na 

Erbium .. 


168-9 

Eb 

Strontium 


88 

Sr 

Fluorine .. 


19 

F 

Sulphur .. 


32 

8 

Glucinium 


9-4 

G 

Tantalum 


182 

Ta 

Gold .. 


197 

Au 

Tellurium 


128 

Te 

Hydrogen 


1 

H 

Thallium 


204 

T1 

Indium .. 


113-4 

In 

Thorium.. 


231-5 

Th 

Iodine 


127 

I 

Tin 


118 

Sn 

Iridium .. 


198 

Ir 

Titanium 


50 

Ti 

Iron 


56 

Fe 

Tungsten 


184 

W 

Lanthanum .. 


93-6 

La 

IJranium . . 


240 

U 

Lead 


207 

Pb 

Vanadium 


51-3 

V - 

Lithium .. 


7 

Li 

Yttrium .. 


92 

Y 

Magnesium ,. 


24 

Mg 

Zinc 


65 

Zn 

Manganese 


55 

Mn 

Zirconium 


89-5 

Zr 

Mercury .. .. 


200 

Hg 






BARYTA — This name is given to the oxide of the metal barium, BaO, one of the alkaline 
earths. It has been already described under the above heading in the article on Alkalies, 
(p. 232); bnt some of the salts of this earth, such as the carbonate, nitrate, and sulphate, have 
become of snfiScient commercial importance to demand separate treatment. 

Carbonate of Baryta. (Fn., Carbonate de baryte; Geb., Ebhlensaures Baryt.) Formula, BaCO,. 
— Carbonate of baryta occurs abundantly in the natural state as the mineral Witherite, in Shropshire, 
Westmoreland, Cumberland, and Northumberland. It is obtained in an absolutely pure state by 
adding an alkaline carbonate to a solution of chloride of barium, or by saturating the hydrate with 
carbonic acid gas ; in either case, the heavy, white precipitate formed is well washed and dried. It 
is almost insoluble in water, and is decomposed by acids; it is also highly poisonous. In the arts, 
carbonate of baryta is employed as the base of certain delicate colours, and as an ingredient in plate- 
glass Wedgwood ware. In France, it is largely used in the preparation of beetroot sugar. Thb 
native carbonate is used in pharmacy for preparing some of the other salts of barium, for which 
purpose it is sufficiently pure. Only a small quantity is now produced in England. 

nitrate of Baryta. (Fk., Nitrate de baryte; Geb., Barytsalpeter.') Formula, Ba(N 03 )j. — 
Nitrate of barinm is made by neutralizing a hot, dilute solution of nitric acid with carbonate of 
baryta, and evaporating the solution until crystals are obtained. These are transparent, colourless 
ootahedra, anhydrous, insoluble in alcohol, and requiring about eight parts of cold and three parts 
of hot water for solution. Its chief use is in pyrotecbny, in the preparation of green fires. It 
has also been lately employed in the manufacture of explosive agents, as a substitute for nitrate of 
potassium. (See Explosive Agents.) 

Sulphate of Baryta. (Fb., Sulphate de baryte; Geb., Schwefelsaures Baryt .) — This salt, the 
most important of the salts of barinm, is found native in large quantities, forming the species 
of mineral termed barites or barytes, and commonly known as heavy-spar, on account of its weight 
(sp. gr. from 4’ 3 to 4-7). It is found in Derbyshire and Shropshire, and often occurs in fine 
tabular crystals. The massive variety foimd in the mountain limestone of the above counties is 
sometimes called “ c^wk ” ; it is more frequently found in white or reddish-white masses. In 
Saxony, it occurs as the mineral stangen-spath, in a columnar form ; and at Bologna, a nodular 
variety is found, called Bologna stone, which is notable for its phosphorescent powers when 
heated. 
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The pme salt may be prepared artificially for use as a pigment, by adding dilnte snlphnric acid 
to a solution of chloride of baryta, when a white precipitate is formed ; this is well washed and dried. 
It is a heavy, white powder, insoluble in water and nearly insoluble in all other menstrua. It may 
also be prepared by heating the native mineral, grinding it to powder, and well washing it, first in 
dilute Bulphnrio acid, in order to remove any traces of iron, and afterwards in water ; the white 
powder is afterwards thoroughly dried. This process is employed at several works in the neighbour- 
hood of Matlock Bath, in Derbyshire, but much larger quantities could be produced in different 
parts of the country, if the demand for the article rendered its production more profitable. The 
principal use of sulphate of baryta is to adulterate white lead, and to form the pigment known as 
blanc fixe, or permanent white. For these purposes, the native mineral, ground and washed, as 
described above, is commonly employed. It is also used in paper-making, and as a substitute for 
the more expensive nitrate in some of the processes of pyrotechny. Sulphide of barium is pre- 
pared from the sulphate by heating it to redness in a covered crucible with charcoal. 

beverages. — B y the term “beverages” are here understood those common drinks which 
are not the products of distillation. Those which have been produced by that process have already 
been treated of as Alcoholic Liquors. Many of these beverages, however, as beer and wine, 
contain alcohol as a product of their fermentation. 

Aerated Water. (Fb., Eav. gaseuse; Geb., Gashaltige Wasser.') — This name is given to 
a variety of natural and artificial drinks, consisting of water impregnated with carbonic acid gas. 
The consumption of these drinks is, at the present time, very great, and it is, moreover, rapidly 
increasing. Thirty years ago, two hundred thousand bottles were consumed annually in France ; 
now, two hundred million bottles are scarcely sufficient to satisfy the demand in that country. In 
America, aerated waters have come still more rapidly into favour. In our colonies, these refreshing 
beverages are largely drunk, and in these countries, as well as in our own land, the consumption 
is daily increasing. Hence, their manufacture has become a staple industry of rising importance. 

The sparkling and refreshing qualities of aerated beverages, and in some measure their taste 
and hygienic properties, are due to the presence of carbonic acid gas (see Carbonic Acid). All 
natural mineral waters contain it in greater or less quantity, owing to the action of certain 
subterranean forces. In wine and ale it is formed during fermentation. And it is introduced into 
artificially aerated drinks by the help of various chemical and mechanical operations, to be 
described hereafter. In all these beverages, the role played by the gas is threefold : to give them 
a sparkling efiervescence. thereby rendering them far more refreshing than they were before 
aeration; to afford them an agreeable, piquant flavour; and, as in the case of natural waters 
especially, to render them capable of holding in solution certain mineral salts which possess 
valuable medicinal properties. 

The physiological effects of this gas upon the human organism are well known. It exerts a 
peculiar action upon the nervous system, and especi.ally upon the brain; but these effects are 
dangerous only when long continued, or when the gas is respired in large quantities, and unmixed 
with air. Generally, it has a pleasant, exhilarating influence, a notable instance of which is seen 
in the effect of champagne, a wine containing a large proportion of carbonic acid gas. This 
gas has also a favourable action upon the organs of digestion. Its presence in wines and ales 
renders them digestive, as well as agreeably pungent ; when the gas has been allowed to escape, 
they lose the former property, betoming at the same time unpleasantly insipid and flat-tasted. 
Eor this reason, all beverages which contain carbonic acid gas are more wholesome when drunk 
immediately after the bottles are opened. 

At ordinary temperatures, water dissolves naturally its own volume of carbonic acid, and alcohol 
nearly three times as much. By pressure, and with the help of agitation, it may be made to take 
up a quantity directly proportional to the pressure exerted ; that is, by doubling the pressure we 
double the quantity of gas absorbed by the water. Hence, the weight of the atmosphere being 
15 lb. to the square inch, by applying a pressure of 15 lb. to the inch, we force the water to take up 
twice the quantity of gas it is capable of absorbing when not subjected to pressure ; when, however 
the pressure is removed, the gas which has been absorbed in consequence of its application escapes 
rapidly, causing the phenomenon known as effervescence. 

In beer and wine, as remarked above, the presence of carbonic acid gas is due to fermentation. 
During this process, the sugar contained in the wort or lees from which the beer or wine is made is 
decomposed, alcohol and carbonic acid gas being formed. A portion of the latter remains in the 
liquor after fermentation, and thus imparts to it the sparkling and refreshing qualities which are so 
highly valued in these beverages. 

The presence of an elastic, gaseous body in the water yielded by many springs was well known 
to the ancients, and was mentioned in the writings of Pliny, Galen, Celsusf and others. In later 
times. Van Helmont, Boyle, and Bergmann discovered that the gaseous substance was of the same 
nature as that produced by the combustion of carbon and the decomposition of marble. The investi- 
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gations of science have since shown that this gas is a compound of carbon and oxygen, and to it was 
given the name of carbon dioxide, or carbonic acid. In these mineral waters, it is contained either 
in the free state, or as carbonates, in combination with lime, soda, magnesia, ammonia, potash, iron, 
manganese, cobalt, nickel, strontium, copper, lithium, &c. In most of these springs, the gas holds in 
solution certain salts which are precipitated when it is removed by evaporation. The beverages 
which are made in imitation of these natural waters are, as already stated, impregnated artificially 
with the gas. For this purpose, it is usually obtained by the action of an acid upon refuse marble, 
whiting, and other forms of carbonate of lime. 

Natukal Waters. — We shall consider, first, those few natural aerated waters which have 
become, or are likely to become, of commercial importance. 

Apollinaris Water . — This favourite beverage is obtained from the Apollinaris Brunnen, a 
German mineral spring, situate in the valley of the Ahr, not far from Neuenahr. According to an 
analysis made by Professor G. Bischof, of Bonn, it contains in 10,000 parts by weight : — 

Fixed Constituents. 


Carbonate of soda 

.. 12-57 1 

Carbonate of lime 

.. 0-59 

Chloride „ 

.. 4-66 

Oxide of iron nnd alumina . . 

.. 0-20 

Sulphate „ 

.. 3-00 

Silicic acid 

.. 0-08 





Salts of potash 

. . trace 


25-52 

Carbonate of magnesia 

.. 4-42 


— 


Volatile Constituents. 

Free and semi.combined carhonic acid 27 '76 

Combined carbonic acid 8 ‘07 


Free and semi.combined carbonic acid 27 '76 

Combined carbonic acid 8 ‘07 


35-83 

In the Apollinaris spring, there is a high proportion of carbonic acid, especially in the form of 
carbonates of soda and magnesia ; while the proportion of chloride of sodium is much less than that 
contained by most other natural waters, and hence its power of quenching thirst is correspondingly 
greater. The first qualities desired in aerated beverages, namely, a pleasant flavour and a brisk 
efiervesoence when mixed with wine and sugar or fruit syrups, are possessed by the Apollinaris 
water in a high degree, and it has therefore met with general approval since its introduction into 
this country. The artificial mineral waters, especially soda water, have until lately had the advan- 
tage of being strongly effervescent, by reason of the large amount of carbonic acid which they con- 
tained, and were therefore preferred by many to tbe natural mineral waters. But since the year 
1863, the gases which escape from the Apollinaris Brunnen, containing more than 99 per cent, of 
carbonic acid, have been recondensed into the water by the aid of machinery specially erected at 
the spring for the purpose. By these means it has been rendered possible to export it strongly 
impregnated with its own gases, and hence it has been made to possess not only the characters of 
a natural mineral water, but also the high proportion of carbonic acid gas belonging to the 
artificial aerated waters, and thus to combine the advantages of both. 

The Apollinaris spring furnishes a regular supply of water, amounting to 6000 quart bottles per 
hour, equal to more than 40,000,000 bottles per annum. The bottles and jars are filled and sealed 
on the spot, as the water issues from the rock, under a pressure of six atmospheres. The arrange- 
ments for bottling and export give employment to more than two hundred workmen. 

Carl^d Water . — ^At Carlsbad, in Bohemia, there are several springs of alkaline and saline 
composition. An analysis made by Kagsky in 1862 gave the following result : — 

Sixteen ounces (7680 grains) contain : — 


Sulphate of potash . . 

1-2564 grains. 

Carbonate of manganese . . 

0-0046 

grains 

Sulphate of soda 

18-2160 


Phosphate of alumina 

0-0030 


Chloride „ 

7-9165 


Phosphate of lime 

0-0015 


Carbonate „ 

10-4593 


Fluoride „ 

0-0276 


Carbonate of lime .. 

2-2870 


Silica 

0-5590 


„ magnesia . . 

0-9.523 





„ strontia 

0-0061 

rt 

Total of fixed constituents 

41-700 


Alumina and oxide of iron 

0-0215 






The amount of carbonic acid set free, entirely or in part . . . . 5 • 8670 grains. 

Valuable medicinaf effects are attributed to the use of these waters, principally in cases of 
diabetes, gout, and biliary diseases ; these are said to be due to the large proportion of sulphate, 
carbonate, and chloride of sodium which the waters contaiu, together with the temperature at which 
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they are dnmk, the temperature of the water from the various springs ranging between 40° and 70°. 
All the springs have the same specific gravity, viz. 1’004 at 18° ; the taste Is slightly saline. The 
water is now largely imported into this country ; it should be warmed to the natural tempe- 
rature before drinking. 

Friedrichshall Bitter Water . — The bitter water of FriedrichshaU, near Coburg, contains, according 
to Bauer and Liebig, in 16 ounces, about : — 


Sulphate of soda . . 

44-12 grains. 

Sulphate of lime .. 

, 10-79 

grains. 

„ magnesia . . 

39-55 „ 

Carbonate of lime . . 

. 0-11 


Chloride of sodium 

64-23 „ 

„ magnesia ., 

. 2-34 

» 

„ magnesium . . 

Bromide of magnesium . . 

30-66 „ 

0-19 „ 

Silica of magnesia . . 

. 0-27 



193-03 


Sulphate of potash 

0-77 „ 



Carbonic acid gas 

.. .. 5-32 cubic inches. 




This water is much valued, and often prescribed by medical men as an aperient and diuretic. 
It is taken in only small doses of a few table-spoonfuls, or at the most of half a tumblerful. It 
should be warmed to about 12° or 15° before using ; the slightly bitter taste may he disguised by 
a few drops of lemon juice or by drinking it with wine. The water will keep in bottles for a long 
period without losing its characteristic properties. 

Rosbach Water . — The water from the Bosbach springs, famed for their purity, has been from 
time immemorial consumed by the peasantry of the Wetterau, where they are situate. Among 
these peasants it has gained a high reputation for medicinal virtues as a palliative and preventive 
of gout, rheumatism, and dyspepsia. This reputation has lately extended to our own and other 
lands, where it is valued as an agreeable table beverage. Large quantities are now annually bottled 
at the source and exported. The water has been made the subject of a special analysis by Professor 
Wanklyn, who found it to contain, in one gallon (70,000 grains) ; — 


Chloride of sodium 83-0 grains. 

Carbonate of lime 25-7 „ 

„ magnesia 12-6 „ 


121-3 


The rate of overflow is about 6 gallons a minute, equal to alwnt 18,000,000 quart bottles full 
in the year. The Eosbach water issues from the spring super-saturated with carbonic acid, and is 
therefore effervescent. The escaping gas is recondensed into the water under two separate 
pressures, of two and four atmospheres respectively. Like the Apollinaris water, it is remarkably 
free from organic impurities, each of several samples tested by 'Wanklyn showing only 0-03 or 
0-04 parts of albuminoid ammonia per million parts of water. Copper and lead are entirely 
absent, and there is only a minute trace of iron. The peculiar features presented by its mineral 
constituents are the almost entire absence of sulphates, the comparatively slight alkalinity of the 
water, and the presence of the carbonate of magnesia. 

Seltzer Water.— The mineral waters of Seitz, or Belters, are derived from a spring of that name 
situate in the duchy of Nassau, near Mayeuce. It was discovered in the year 1525, and has since 
been the ordinary beverage of the inhabitants of the neighbouring country. The numerous cures 
attributed to the use of these waters attracted the attention of many physicians during the 
last century, and they are still highly valued both for their refreshing and for their medicinal 
properties. Since 1803, the spring has been the property of the duke of Nassau, who permits the 
peasantry of the village to visit it for an hour at mid-day, for the purpose of carrying away the water 
to their homes. Between the hours of one and seven, the water is bottled for exi^rt, more than a 
million bottles being sent annually to all parts of the world. From this source he derives the 
larger part of his revenues. 

According to an analysis made by Henry, a litre of the water contains 


Bicarbonate of soda .. 

0-979 grm. 

Chloride of potassium . . 

.. 0- 

„ lime 

0-551 


Sulphate of sodium 

.. 0- 

>, magnesia 

0-209 


Phosphate ,, 

.. 0- 

Bromide of iron 

0-030 

n 

Silica and alumina 

.. 0- 

Chloride of sodium 

2-040 

n 

Free carbonic acid 

.. I- 


•040 

•050 


The water is limpid and transparent, and possesses an agreeable acidity. When mixed with 
wine, and especially with champagne, it constitutes a favourite beverage. Mixed with goals’ or 
asses’ milk, it is frequently recommended by doctors to persons suffering from bilious fevers. It is 
often prescribed with success as an aperient and diuretic, and in many cases of disordered 
digestive organs. 
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Vichy Water . — The natural brings of Vichy, which are the property of the French state, are 
nine in number. They have a common origin, all issuing from the fresh-water calcareous deposit 
which forms the bottom of the valley of the AlUer. The waters are extremely alkaline and very 
limpid ; they are charged with carbonic acid gas in large quantity. In some of the springs, the 
water has a sharp, acid taste, and occasionally it emits a slight odour of sulphuretted hydrogen. 
The chemical composition of the .most important of the waters is given in the following table, in 
which the solid ingredients are expressed in grammes per litre, and the free carbonic acid gas 
in fractions of the litre : — 



GraDde- 

Giille. 

Petit-Poils 

Carre. 

Grand- 

Puits 

Carre. 

Hdpital. 

Acacias. 

Lncas. 

Cflestins. 

Carbonate of soda 

4-9814 

4-9814 

4-9814 

5-0513 

5-0513 

5-0863 

5-3240 

„ lime 

0-3498 

0-3488 

0-3429 

0-5223 

0-5668 

0-5005 

0-6103 

„ magnesia . . 

0-0849 

0-0852 

0-0867 

0-0952 

0-0972 

0-0970 

0-0725 

Chloride of sodium 

0-5700 

0-5700 

0-5700 

0-5426 

0-5426 

0-5463 

0-5790 

Sulphate of soda 

0-4725 

0-4725 

0-4725 

0-4202 

0-4202 

0-3933 

0-2754 

Oxide of iron 

0-0029 

0-0031 

0-0066 

0-0070 

0-0170 

0-0029 

0 0059 

Silica 

0-0736 

0-0721 

0-0726 

0-0478 

0-0510 

0-0415 

0-1131 

Carbonic acid, per litre 

0-475 

0-499 

0-534 

0-491 

0-649 

0-540 

0-562 


The springs have different degrees of temperature, and observations made at different periods 
have shown in that respect notable variations. In general, the most abundant springs are the 
hottest, and those which yield only a small thread of water are the coldest ; thus the Puits-Carre 
and the Grande-Grille, which yield respectively 52,800 and 21,000 gallons a day, have a tempe- 
rature of 44° and 40° respectively, and that of the Grande-Grille has risen 10° since the erection of 
the works, which have increased the volume of water tenfold. The Celestins spring, which gives 
about 5500 gallons a day, is almost cold, and marks from 15° to 16°. 

The greater part of the Vichy water, bottled and exported to the different countries of Europe, 
is famished by the Grande-Grille spring. The water of this spring, which derives its name from 
the iron railing by which it is surrounded, is employed only as a beverage. 

Wilhelm’e Quelle Water . — The natural spring which bears this name is situate at Kronthal, in 
the Taunus Hill s, near Frankfort-on-the-Maine. It was known in the sixteenth century as “ the 
old Sauerborn,” and is, therefore, no new discovery. It yields a bright and sparkling water, 
having an agreeable, saline flavour. It has risen rapidly in favour in this country, although it 
has only lately been introduced. It is also highly esteemed in Germany, where the consumption 
has reached the amount of several hundred thousand bottles a month. The medicinal virtues 
of the water were published as long ago as the year 1584, by Tabemae Montanus, a physician of 
Worms, in a work entitled the ‘ Water Treasury.’ It has always been the exclusive beverage of 
the inhabitants of Kronthal. The aerating and bottling works were erected in 1877, and the 
water is now impregnated witii its own gases under a high pressure. It is often prescribed by 
medical practitioners to persons suffering from gout, rheumatism, and diseases of the bladder. 
According to an analysis lately made by Fresenius, and since verified by Professor Attfield, the 
water contains in one thousand parts by weight : — 


Chloride of sodium 1 • 69096 

„ potassium O' 03658 

Sulphate of potassium . . . . O' 02363 

Bromide of sodium 0'00064 

Iodide ,, O' 00001 

Phosphate „ O' 00095 

Carbonate „ 0'05104 

Carbonate of lithium .. .. O' 00354 

„ barium .. .. 0'00038 

„ strontium .. .. O' 00202 

lim e O' 41834 


Carbonate of magnesia .. .. O' 09647 

„ iron O' 02967 

„ manganese.. .. O' 00237 

Silica 0 ' 10109 


2-45769 

Carbonic acid (combined) . . O' 27072 

„ (free) .. 2-24974 


4-97815 


Aetificial Waters. — On account of the high reputation gained by the waters from various 
natural springs, and the many wonderful cures which they were supposed to have effected, it is not 
surprising that a desh^ should have been manifested to reproduce them artificially, and thus to 
enable siiffering humanity to procure readily and cheaply the benefits which hitherto could only bo 
obtained at the price of a long journey. 

We find that as far back as 1560, a study of natural mineral waters, their composition and 
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virtnes, was made by Thurniesser, and that he sncceeded in m a kin g very close imitations of them. 
He was followed by Hoffman, Geoflftoy, and Venel ; by Priestley, who in the year 1772 published a 
paper on the subject ; and by Bergmann, who wrote in 1774, to prove the value of the carbonic acid 
gas held in solution by the waters of Selters, Pyrmont, and other places. The first apparatus for 
aerating water artificially by means of a pump was made by Paul, in Paris, in the year 1799, who 
seems to have had a very complete plant. Suave also had a similar establishment in Dresden, in 
the early part of this century, and he made many important observations on the constitution of 
different natural waters. 

Those natural springs which had received i)articular attention on account of their beneficial 
action upon the human system, have, in many cases, been credited with producing results to which 
they only partially contributed. They were visited by numbers of people who believed implicitly 
in their curative properties, and added the potent influence of faith to the restorative effects of the 
journey to the springs, the change of air, scenery, society, and mode of living. 

Provided they be carefully made, artificial aerated waters have certain distinct advantages 
over the natural waters. The most important is obviously that the various constituents of the latter, 
determined by analysis, can be varied in the artificial drinks, in order to suit particular require- 
ments and eases ; and further, waters which are brought from a natural source at a distance cannot 
be so fresh as those prepared artificially, and certainly are not supposed, like wine, to gain in virtue 
by keeping. They have also, in many cases, a very unpleasant and even nauseous taste, which can, 
of course, be avoided in making artificial Imitations. It is now generally recognized that the 
artificial waters are wholesome and pleasant beverages ; and they can be produced so cheaply that 
they are within the reach of all classes of society. The demand for them is fully established, and 
since the withdrawal of the duty of three-halfpence a bottle, levied some forty years since, the trade 
has developed, under free competition, with rapid strides. The great drawback to the general 
consumption has been the high prices charged by the retailers, especially in hotels, sixpence per 
bottle being often charged for water that has cost them less than twopence. 

The first attempts to produce artificially aerated waters resulted in pure water impregnated 
solely with carbonic acid gas, and containing no other ingredients. Shortly after this, the water 
was made to still further resemble the natural waters by the addition, in different proportions, of 
certain salts, to which the medicinal properties of the water had been attributed. Subsequently, 
beverages of agreeable flavour were prepared by the addition of syrups to the aerated water. Hence 
we have three classes of artificial water : (1) Simple aerated waters ; (2) Aerated saline waters ; 
and (3) Aerated saccharine waters. 

Plain Aerated Water . — In the preparation of waters of the first class, the only materials used are 
pure water, carbonate of lime, and a mineral acid. The water, to ensure purity, must either be 
distilled, or filtered through such substances as wiU remove both suspended and dissolved impurities. 
The carbonate used for the production of the carbonic acid gas is generally in the form of marble 
or whiting, and the acid most commonly employed is oil of vitriol or concentrated sulphuric acid. 
The quality of the product depends largely upon the perfection of the apparatus used, and upon the 
choice of the materials ; but the manner in which the operation of impregnating the water with 
gas is conducted exercises even more influence upon it. The gas, previously carefully washed and 
purified, is pumped into the water until the latter contains as much as five times its own volume, 
when it is bottled in strong bottles or siphons, which are constructed to bear a very high pressure. 
This beverage is commonly called soda watsr in this country, and Seltzer water in France. 

Aerated Saline Water . — In the preparation of waters of the second class, namely, those which 
contain carbonic acid gas and different saline ingredients in solution, it is necessary only to imitate 
as carefully as possible the composition of the natural waters. By so doing, artificial waters may 
be produced which far more closely resemble these than by adopting any of the numerous recipes 
and formulae which are published for the purpose. The mixtures of the salts, as determined by 
analysis, may generally be made directly, especially if they are all soluble ; but if they are in- 
soluble, they may often be dissolved by carbonic acid. Some makers obtain by dmible decomposition 
certain salts which they require the water to possess. Distilled or filtered rain water should be 
used in preparing these saline waters; and for the chalybeate waters, it should be boiled and 
allowed to cool out of contact with the air. Solutions are generally made and stored in slate tanks, 
in which the drawing-off pipe is carried up a few inches from the bottom to allow room for the 
sediment. When small quantities only are required, the bottles are dosed with the exact amount 
before the carbonated water is let in. Those who wish to avoid the trouble of preparing them, and 
require only small quantities, can purchase the concentrated solutions ready made. 

Many natural waters contain minute traces of bromides and iodides, of manganese, and of phos- 
phoric and fluoric acids. It may be well to remark that it is the opinion o^ many high authorities 
that the medicinal virtues of these waters are due rather to the presence of the above suhstances, 
and to the high state of dilution in which they are held, than to those salts which are present in 
far more abundant quantities. 
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Thffle are also a few saline waters which are not made in imitsdion of any of the natoral springs, 
bnt which, nevertheless, have many valnable properties, and are widely consumed. The common 
. recipes for beverages of this kind are given below. 

Carrara Water. — Lime water, made from lime made by calcining Carrara marble, snpersatnrated 
with carbonic acid under a strong pressure, so that the carbonate of lime at first precipitated is 
redissolved. It should contain 8 or 10 grm. of carbonate of lime per half-pint bottle. 

Chalybeate Water. Ferrous sulphate, 3 grm. ; bicarbonate of potash, 61 grm. ; cold rain or 
distilled water, 1 quart ; mixed and agitated in a corked bottle. This water is equal in tonic pro- 
perties to that of the springs, and may be rendered refreshing by aeration at a low pressure. 

Lithia Water. A solution of carinate of lithia, of any required strength, in aerated water ; 
or 3 to 5 grains may be placed in the bottle and filled up with highly charged water, and well 
shaken. Lithia water and potass water are often mixed together. 

Magnesia Water. About 1 oz. of fluid magnesia to a bottle of water ; or carbonate of magnesia 
may be dissolved in aerated water, under a slight continued pressure, in about the proportion of 
1 oz. to 10 quarts of water. 

Potass Water. About J oz. of bicarbonate of potash to the gallon is the usual quantity, pro- 
ceeding as described below for soda water. 

Seidlitz Water. Nearly J oz. of tasteless salts of Kochelle, dissolved in warm water, per gallon 
of spring water. 

8o^ Water. The amount of soda varies with the purpose for which it is required. If it is for 
medicinal use, as much as 15 grains to the bottle is sometimes employed, or about § oz. of bicar- 
bonate of soda per gallon. If sold as a refreshing beverage instead of plain carbonated water, which 
is often erroneously called soda water, 2 grains, or less, to the bottle is sufficient, or about 1 oz. of 
bicarbonate of soda to 12 gallons. After mixing, the solution is allowed to settle, and the clear 
portion filtered through lawn before being passed through the machine. 

Aerated Smcharim Waters. — The third class, or saccharine aerated w.aters, consist, as we have 
remarked, simply of gaseous water sweetened, flavoured, and sometimes coloured with various 
ingredients; they are consumed only as refreshing and pleasant drinks. The sugar and flavouring 
matter are mixed together and dissolved in water, constituting what are called syrups; of these 
there are many varieties ; their general preparation and a few recipes for the most common, are 
given below. 

Syrups are formed by making concentrated solutions of sugar in pure water, or in water con- 
taining the principles of various flavouring substances ; the former are called simple, and the latter 
compound syrups. 

There are many precautions to be taken in order to ensure the production of good syrups, 
the most important being, perhaps, the selection of the sugar. Cane-sugar only should be used, 
and that should be perfectly refined. The least shade of colour in the sugar is due to the presence 
of impurities, and syrup prepared from such sugar not only has an unpleasant flavour, but is also 
very difficult to keep. The use of common or brown sugar may be regarded, in many cases, as an 
adulteration. 

Syrups are very easily prepared. A hemispherical copper basin, not tinned, but well polished, 
and kept scrupulously clean, is the apparatus employed. This basin stands on three legs, and is 
furnished with a false bottom, which is also hemispherical. The two hemispheres are surrounded 
by a copper cylinder, fitted with a lid; the three parts of the apparatus are fixed together by 
means of two circular iron rings, which are fitted to the circumference of the hemispheres and to 
the bottom of the cylinder, the whole being well pinned or bolted together. A stop-cock in the 
outer hemisphere communicates by means of a short pipe with the inner one, and serves to with- 
draw the contents. Another cock, placed almost at the top, serves for the admission of steam 
between the two bottoms ; and the condensed water is drawn off by means of a third cock com- 
municating only with the outer bottom, and placed at a short distance from the first. The whole 
apparatus may be of any convenient size. Its chief advantage is that the syrup can be heated to 
the required degree with the utmost nicety ; the steam is admitted until this degree is reached, 
and the supply may then be stopped in a moment, thus ensuring perfect regularity of working. 

There are many circumstances which tend to produce changes in syrups when made, and to cause 
them to degenerate and become worthless ; these most be carefully guarded against. The most 
common is fermentation ; this may be either the result of too short or too long-continued boiling ; 
or of the presence of an excess of mucilaginous substances ; or an imperfect clarification of the syrup 
will also produce it in the course of time. But the most frequent cause of fermentation is found in 
leaving the syrup in a warm place, or in vessels which are not completely filled, and especially if 
they happen to have b*en wet when the syrup was introduced. In order to guard against under or 
over-boiling of simple syrups, it should be laid down as a rule that they stand at 32° B. when 
boiling, and when cold at 31° in winter and 35° in summer. They should then be bottled, and stored 
in a cool cellar. 
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Lemonade. — The manufactnre of lemonade is one of the most extensive and profitable branches 
of the aerated water trade, and is at the same time extremely simple. The addition of syrups and 
flavouring ingredients to gaseous water not only does not affect the hygienic properties of the water 
itself, but frequently enhances them by rendering the water tonic, as well as pleasant to the taste. 
Lemon or lime-jniee mixed with simple syrup and aerated water constitutes an agreeable acid and 
most refreshing beverage. Tartaric and citric acids are also added to lemonade, either separately 
or together. Their qualities are similar, but not identical, and they are best when mixed together. 
Citric acid possesses, when diluted with water, a fresh bitter flavour which is very agreeable. 
Tartaric acid has not so fine a flavour, but it is less costly, and it has also the valuable property of 
assisting to preserve syrups and lemonades. 

The lemon is not the only fruit that is used to flavour aerated waters. Oranges, raspberries, 
vanilla, and several others are largely employed, each producing a distinct and pleasantly flavoured 
beverage. The three saccharine aerated drinks most commonly prepared are lemonade, orangeade, 
and ginger ale. To make the first of these, about half an ounce of essence of lemons is mixed with 
1 quart of simple syrup ; orangeade is made by mixing the same quantity of essence of oranges with 
1 quart of syrup ; and for ginger ale about the same quantity of essence of ginger is added to the 
syrup. Another favourite beverage is made by flavouring the syrup with x oz. of essence of 
vanilla. The flavoured syrups thus prepared, are placed in bottles, the quantity added varying in 
different places, and the bottles are then filled and corked at the machine in the ordinary way. 
The regular dose of syrup is from 2 oz. to 2i oz. per bottle. 

All the essences used by aerated water makers are usually purchased by the makers ready 
made, though in many cases it is found desirable to prepare them at the factory. Below are given 
a few recipes for those most commonly used : — 

For essence of lemons, remove the outer rinds of 40 lemons, without a particle of pulp, and 
macerate them with 6 quarts of perfectly pure alcohol at 85°. After two or three days, distil to 
dryness in a water-bath ; add 2 quarts of water and rectify to obtain 5 quarts of the essence. The 
essences of oranges and cedrats are made in precisely the same way. 

For essence of strawberries and raspberries, take 56 lb. of the fresh frnit, free from stalks and 
leaves, and place them in 45 quarts of pure alcohol at 80°. Macerate for twenty-four hours in a 
vessel closed in a water-bath ; add 20 quarts of water, and distil to obtain 44 quarts, each con- 
taining 17| oz. of essence. 

Many manufacturers prepare the essences of lemons and oranges by a process of simple infusion 
without distillation, which is much more readily performed. The outer rinds of twenty lemons are 
allowed to macerate for eight or ten days in 3J pints of pure alcohol at 56°, which should be 
perfectly tasteless and odourless. Filter the product, and add li oz. to each quart of syrup. 
The aroma obtained by this method is more concentrated than that obtained by distillation. The 
essences should be kept in air-tight bottles, and preserved at an ordinary temperature. They 
improve much by keeping. 

The following is the common method for preparing fruit syrups for use at counter fountains in 
conjunction with aerated water. The fresh fruit, fteed from stalks and leaves, is mashed by means 
of a wooden instrument, and about a fiftieth part in weight of crushed loaf sugar is added. It is 
then left to stand at an even temperature for a few days until fermentation has taken place. The 
juice is next expressed, and left to settle in a cool place. When clear, it is simmered for a few 
moments with nearly double its weight of best loaf sugar, the scum being removed as it forms. 
If not intended for immediate use, a little spirit should be added. The vessels in which the 
syrups are placed should be. perfectly air-tight ; and in order to prevent the iU effects of variation 
of temperature they are often stowed away in ashes. 

Manufacture . — The apparatus employed in the manufacture of aerated water consists essentially 
of four parts : namely, the generator, a vessel in which the carbonic acid gas is generated by the 
action of an acid upon a carbonate ; the purifier, another vessel partially filled with water, through 
which the gas is made to pass for the purpose of removing impuritieB carried over ; the gas-holder, 
a reservoir in which the gas is expanded and stored ; the mixing machine, consisting of a cylinder 
containing an agitator, into which the water and gas are pumped, and stirred up to cause 
absorption of the latter by the former ; and the bottling machine, by means of which the aerated 
liquid may be transferred into bottles or siphons, and securely closed without allowing any of the 
contained gas to escape during the operation. In all large manufactories of aerated water, other 
auxiliary machines are used to cleanse the bottles returned from the consumer to be refilled. 
It now remains to describe in detaU each of these several parts of the apparatus. 

The Generator. — This vessel, which is shown partly in section in Fig. 293, consists of a vertical 
cylinder, made either of lead, wood, or copper. The body is well and si^stantially supported, 
under its top flange, on a cast-iron ring attached to the framework, and also at the bottom part 
on four iron brackets, which are secured by bolts to the legs. The bottom part is joined to the body 
by a circle of bolts and nuts : and these may be easily removed to give access to the agitator, 



AEEATED WATEES. 


369 


which is the only part liable to derangement. The frictional or working part of the spindle 
which carries the fans, is a stout sUver tube, worked in the stuffing boxes, so that it is not affected 
by the acid. The top of the cylinder is covered with a lid, which is fastened down and made to fit 
tightly by means of asbestos jointing. At one side, and close to the top, is a curved leaden pipe, 
connected with an acid box, for supplying the acid. In the interior of the vessel, and at the bottom, 
is a metal agitator, or fan, worked by a handle, which is turned by hand from the outside. At the 
bottom of the vessel is an aperture through which the waste products are withdrawn when neces- 
sary ; this aperture is securely closed by means of a tightly-fitting lid, working on a hinge. The 
carbonate, which is generally made into a semi-fluid state, in order to facilitate the action of the 
acid, is introduced through the opening at the top of the vessel ; whiting, or any other cheap and 
perfectly pure form of carbonate of lime, may be used. With pure materials, 60 parts of whiting 
will neutralize 49 parts of oil of vitriol, liberating 22 parts of carbonic acid gas, and forming 77 parts 
of hydrated sulphate of lime ; from these figures may be calculated approximately the amount 
of both carbonate and vitriol required to produce a given quantity of gas. The vitriol is introduced 
by means of the leaden pipe connected with the top of the vessel. The evolution of the gas may 
be regulated by the speed with which the agitator is made to revolve. Sometimes the vitriol 
chamber is connected by a swing joint, and, if fixed above, when working under pressure, has an 
equalizing pipe. The outlet is closed by a lever or screw, which is locked to prevent leakage, or 
automatically closed by the pressure of the gas. In some places, it is enclosed in the body of the 
generator, and manipulated from the outside ; in other places, the plan is reversed, and the acid 
solution is placed in the body of the generator, the carbonate, which is held on plates with 
revolving discs, being allowed to fall in as desired ; some carbonates, however, are apt to cake, and 
instead of a steady delivery, fall in in lumps ; this arrangement is shown in Fig. 284. In other 
places, again, it is customary to suspend the carbonate above the acid, and to dip it in when required, 
but care must be taken to see that there is no waste by the formation of an insoluble - crust. In 
many cases, the apparatus is self-acting, the carbonate being 
lowered into the acid as the pressure is lessened in the 
generator. In those systems in which the gas is retained under 
pressure, the gauge is usually fixed on the purifier, and the 
generator is provided with a safety-cap in which a disc is 
ruptured when the pressure becomes excessive. Some safety- 
valves have an alarm whistle which can be set to blow off 
at various pressures. 

The generator shown in Fig. 293 is made usually in two 
sizes, holding respectively 36 gallons and 26 gallons. The 
former kind is 3 ft. 6 in. long and 1 ft. 11 in. in diameter; 
the latter is 2 ft. 2 in. long and 1 ft. 6 in. in diameter. 

The whole is placed on a strong iron stand, at a con- 
venient height for a pail or gutter to be placed directly under- 
neath it. 

As soon as the action of the acid has ceased, and the 
required quantity of the gas has been evolved, the aperture at 
the bottom of the generator is opened, and the waste sulphate 
of lime allowed to fall out into vessels placed beneath ; the 
generator must then be thoroughly cleansed by pouring in 
water at the top and running it out from below. The sulphate 
of lime has hitherto been rejected as useless, and is often a 
source of much annoyance to manufacturers ; there is, however, a possibility of its being utilized 
for the preparation of plaster of Paris, or as a manure. 

The Purifier . — The gas, as evolved, passes directly from the generator through a pipe into another 
vessel called the purifier, in which it is washed. This vessel is exactly similar in shape to the gas- 
holder, shown in Fig. 293, but is smaller, and has, of course, no rising bell. The pipe which con- 
ducts the gas into this vessel reaches nearly to the bottom, and another pipe, for the exit of the gas, 
reaches to within a few inches of the surface of the water. The object of the purifier is not so 
much to wash the gas as to act as a catch-box, to retain any whiting or vitriol that may be blown 
over by the force of the escaping gas. A few pieces of marble or other limestone should be intro- 
duced into it, in order that any acid carried over may not be wasted. Various arrangements of pipes 
in the purifier are adopted by different manufacturers to cleanse the gas as thoroughly as possible. 
As it is difficult, however, to effect a thorough purification of the gas in this vessel, it is again 
washed in its passage through the gas-holder, which will now be described. 

The Gas-holder. -AS it leaves the purifier, the gas is conducted by a leaden pipe into the gas- 
holder, a vessel consisting simply of a wooden tub, containing a rising bell, as shown in Fio-. 293. 
The tub is filled with water up to the dotted line, the bent tube from the purifier dippino- well 
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underneath the surface. The other, or drawing..off pipe, stands above the water, and at such a 
height, that it is impossible for the latter to be drawn into it. If it be suspected that this is the 
case, the pipe should at once be examined for a crack or split. The water must be changed when 
it has become too impure for the purpose ; generally the holder is cleaned out once a month The 
copper holder, or bell, is steadied by means of counter-weights. To commence the process, the 
top cock is opened to allow tlie air to escape as the bell descends ; the latter should not touch the 
bottom, but remain within a few inches of it. The drawing-off pipe, by which the gas is conducted 
from the gas-holder to the tilling machine, is bent in the shape shown in the figure. 

The Mixin(] i/acAmc.— This machine, in which the gas and water are mixed together, consists 
essentially of a cylinder containing an agitator. The gas and water are forced in, and the mixture 
is effected by the aid of the agitation, the gas 
being, of course, under a high pressure. To 
force in the gas and water, a pump is attached 
to the machine, having connection with the 
gas-holder and with a vessel containing water 
placed at the side. There are two arrangements 
of the pump in common use ; in the first of 
these, each stroke of the piston drives in the 
gas first and then the water ; in the second 
this order is reversed, the water going in first 
and the gas following. When the water is 
ejected from the pump-barrel before the gas, 
all the passages of the valve-box are filled 
with the latter under compression, which 
must expand before the pump can draw a 
now supply ; this expansion is equal to a loss 
of folly one-third of the labour employed, since 
the plunger is half-way up the barrel before 
it begins to draw. But with the other 
arrangement of the pump, in which the valve- 
box is at the top and the plunger underneath, 
the gas is ejected before the water, and alt 
the passages being empty, the pump begins to 
draw from the commencement of the descent 
of the plunger. 

In Fig. 285 is shown what is termed a 
double pump machine, having one cylinder ■ , " • 

and two pumps, of the first of the two classes 

mentioned above. If tao cylinders are afiixed to this machine, it will produce two kinds of 
aerated waters at the same time ; or it may be arranged to yield a water doubly charged with gas. 
The cylinder, which is shown partly in section in Fig. 286, is made of copper thickly lined with tin, and 
is in two parts, firmly bolted together. The advantage of this 
is that if anything goes wrong in the inferior, it maybe readily 
discovered by taking the cylinder to pieces ; machines which 
have the cylinder soldered up often occasion a good deal of 
trouble. The agitator should have a bracket support 
outside the cylinder, in order that it may work in leather 
instead of metal, since the latter imparts a metallic taint to 
the water in the interior. The cylinder in the figure 
is provided with a water gauge, dial indicator, and safety- 
valve ; the necessity for these will be obvious. As will be 
seen, the pumps are placed beneath the cylinder; they are 
connected by means of tinned pipes, with the gas-holder placed 
alongside the machine, and with the water or solution pan, 
which is also placed at the side or behind the machine on a 

stand, as shown in the figure. Another pipe made of pure tin connects the cylinder with the 
bottling machine, to be described later. The agitator should be driven by toothed wheels, not by 
belts or bands. Belts are always liable to run off or to slip, occurrences which seriously interfere 
with the regular working. 

Before setting to work, the machine should be turned round a few times, and all the parts of the 
machine carefully examined to see that the water and pressure gauges are in working order index 
cocks properly set, the bolts of bearings at proper tension, and the valves free from grit. If it has 
been standing some time, the machine will probably leak, on account of the washers being dry, in 
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which case, time should be allowed for them to soak thoronghly before tightening up ; this, when 
necessary, is done gradually and evenly all round. As the cylinder should not be more than 
about half-full of water during working, the gas cock is turned on full, and the water cock half 
way. The earthenware pan at the side of the machine, which supplies the solution or water, 
should be kept cool and covered over. 

When the machine is working, the pump draws at the same time the gas from the gas-holder, 
and the water or solution from the pan at the side, generally called the solution pan. The gas 
and water are forced up through the valves into the cylinder, the gas entering first, and the water 
last, and both being thoroughly mixed by the agitator. The variations of pressure in the cylinder 
are shown by the dial indicator, and the lever safety-valve is set to blow off at any required 
pressure. 

The Bottling Machine . — The aerated water made in the cylinder of the mixing machine, is 
passed through the tin pipe to an apparatus dilled the bottling machine, which stands near. 
This machine has now reached such a degree of perfection that it is made to perform three distinct 
operations, viz. filling, syruping, and stoppering the bottles, which operations are carried on 
almost simultaneously ; the machine may be efficiently worked by any unskilled person. All 
these improvements have been effected within the last few years. As the soda water trade 
developed, the necessity for a bottling machine which could be easily worked made itself 
seriously felt. The old-fashioned method of bottling by hand and knee, directly from the nose of 
the machine, had many disadvantages, the principal being that it required much practice to get 
rid of the air in the bottle, and to retain the gas ; and also that much trouble and expense was 
occasioned by having to compress the end of the cork, and to fit it to the month of the bottle before 
finally stoppering. The methods which have been used to force in the cork by machinery are 
various. Simple and compound levers, racks and pinions, screws, besides many other forms, 
have each their advocates. Machines having arrangements to expel the air in the bottle, and 
different sizes of nozzle cones to suit different corks, were patented more than fifty years ago ; and 
self-supplying and corking machines about twenty-five years ago. The treadle which works the cup 
in which the bottom of the bottle is put before forcing its mouth against the filling nozzle, has been 
worked in several different ways, such as by a foot lever, by a hand rack, and by a lever connected 
with a saddle upon which the bottler sits, and in other ways. Machines filling very large quantities 
and worked by steam power have lately come into use ; these are 
made self-syruping and corking, a slight variation in the form 
being made for internally stoppered bottles. 

The bottling machines now in use are of two kinds, viz. those 
made to fill the self-stoppering bottles, and those made to fill 
the ordinary bottles. Codd’s filling machine is shown in Fig. 287. 

The bottle is laid on the table in the two hollows, the indented 
side' being always kept uppermost. The guard and excentrio 
motion containing the cup are then brought down over the bottle 
by means of the handle, which is lowered, forcing the ciqj 
to rise and so bringing the bottle up to the rubber nipple : by 
keeping the hand firmly upon the handle, the bottle is kept 
tightly against it. At the same time, the handle of the supply 
valve is turned, and the bottle filled up to the required height, 
that is to about the shoulder, which can be seen by looking through 
the holes in the bottle guard. The hand is then removed from 
the supply valve and the guard quickly raised, the mouth being 
still kept pressed against the nipple, until it is sufficiently high to 
allow the ball in the neck of the bottle to roll into its collar. 

The bottle may now be released into the left hand by simply 
pressing the handle up, and the machine is left ready for a fresh 
bottle. 

The foregoing method is that adopted for bottling plain aerated 
water. In bottling saccharine waters, a syrup pump attached 
to the machine is brought into operation. The construction 
of this pump is extremely simple, and its action very effective ; it 
constitutes one of the most recent improvements effected in this 
class of machines, as it dispenses with the separate operations 
of syruping. The pump, which is made of glass, is shown 
in the figure attached^fo the upper part of the machine. It is 
connected with a receptacle behind containing the sjTup, and is worked by a treadle in the 
following manner : when the bottle is laid on the table, ns described above, and held up to 
the nipple by the handle at the bottom of the guard, the syrup is injected into the bottle by 
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pressing on the iron treadle at the foot of the machine ; this is to be done before letting in the 
aerated water. When the foot is taken off the treadle, the spring on the top of the pump caiises 
the plunger again to rise, and so draws a fresh charge of syrup into the pump; it is then 
ready again for discharging into the bottle, the last action being entirely self-acting. The 
syrup pan or jar should be fixed, by preference, on a level with the syrup pump, but it may 
be above or below, if inconvenient otherwise. The connection between jar and pump may be 
made with ordinary flexible tubing. When not in use, the cock at the back of the pump should 
be turned off. 

The machine for filling the ordinary bottles, or cork bottling rack, is shown in Fig. 288. The 
bottom of the bottle is placed in the cup, which is moved by the foot lever, the mouth being pressed 



against an indiarubber washer. A wet cork is placed in the nozzle piece, and the handle of the rack 
brought half over; this drives in the cork a certain distance, leaving sufficient space between its 
compressed end and the bottle mouth for filling. The syrup, if being used, is then injected by the 
pump, the aerated water being let m afterwards. When sufficiently full, the cork is driven in bv 
pulling the handle right ove^ The filled bottle is next passed on to the wiring stand, shown in 
“ose piece of which holds m the cork, and separates the two folds of the double wire 
while it 18 being fastened over the cork and around the neck. 
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vided that the connechng pipes be of pure tin, or of some material not affefted by aerated water 

h ^ different apparatus, shown in Fig. 290, is used for filling siphons. In this a valve is 
held up by a spring, which when compressed by the handle is forced awav from ita =1 a 

.he Th. fflfed .P.U. 


AERATED WATERS. 


373 


■when the spout is forced into the filling nozzle 
in the process of filling, opening them for the 
purpose. The construction of the siphon itself is 
shown in Figs. 291 and 292. 

In Fig. 293 is shown, besides all the machines 
already described, a vertical boiler with engine 
on tile same base. It should be large enough to 
allow for extra steam for heating water for syrup- 
making, washing, and other purposes. Next to 
the boiler is the bottle-soaking wheel, which 
revolves slowly in hot water for the purpose of 
thoroughly cleaning the bottles. At the side of 
tlie wooden tank are revolving brushes which 
cleanse both the interior and exterior. They are 
then placed on the rinsing tube jets, which are 
supplied with cold water. At the other end of 
the figure is shown the acid tap, made either self- 
closing or adjustable ; this is supplied from the 
acid tank placed on the floor above, and delivers 
the acid into the box placed below it. In 
this figure, the most convenient arrangement of 
the several machines relatively to one another is 
shown. This arrangement is that recommended 
by the well-known firm of Messrs. Barnett, Son, 
and Foster, of London, who are the makers of the 
machines here illustrated. 

An apparatus is shown in Fig. 294, in which 
the gas-holder is dispensed with, and the processes 
of generating, purifying, and bottling arc com- 
bined. An arrangement identical in piinciple 
was patented in 1851. 

The system described above is known as the rf 
“ continuous ” system ; it is almost exclusively 
used in this country, and also, with various modi- 
fications, on the Continent. There is another 
system, which is sometimes called the “compres- 
sion” system, and is in general use in America. 
The main difference between the two is, that in 
the latter the gas, as generated, is passed directly 
into the water without expansion ; the water being 
aerated either in bulk or in the bottles. The first- 
mentioned, viz. the continuous system, aerates 
small quantities of water at a time, but rapidly ; 
and if a small quantity only is required, makes 
it with nearly the same economy as if working 
up to its full producing power, only the requisite 
quantity of gas and water being used, and the 
pressure being kept up as the bottling proceeds. 
With the compression system, in order to keep 
an even pressure in the bottles, the surplus gas 
at starting must be blown off in filling, the elastic 
gas filling the place occupied by the water as the 
latter is withdrawn; thus the cylinder, when 
emptied of liquid, is full of compressed gas, and 
to refill it, the water must be pumped in against 
the pressure of the gas, or the latter be blown 
off, generally to waste. 

Although the two systems require different 
methods of generating and mixing, the bottling- 
off and filling machirfts apply to both with very 
little variation. Each system has its particular 
advantages for special purposes, according to the 
requirements of the retailer. 
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Fig. 295 represents an apparatus much used in the United States for the manufacture of aerated 
waters hy the compression system. The cylinder to the left of the figure is the generator ; the car- 
bonate and the water are placed in this and mixed by turning the handle which works an agitator 
in the interior. The acid is then run in from the vessel above, the connecting pipe being closed and 
locked by the cam action on the lever at top. The three 
other cylinders are the vessels in which the gas and 
water are mixed together ; the smaller vessels above are 
merely purifiers ; both cylinders and purifiers are filled 
about two-thirds full of water. The gas enters into the first 
purifier, from which it passes into the second, and thence 
into the third, and is thus rendered sufficiently pure for 
mixing. By shutting the cooks on the last two cylinders, 
the gas then goes into the first, and the agitator is set in 
motion until the pressure, as shown by the gauge above, 
has reached the proper height. The pressure required for 
bottles is about 60 lb., and that for siphons, or portable cylin- 
ders, about 150 lb. ; at these points, the aerated water is 
withdrawn into the necessary receptacles, the cylinder re- 
maining full of gas at that pressure. During the withdrawal 
of the contents of this cylinder, the gas is turned into the 
second one, and the process conducted as in the case of the 
first. 

The third cylinder, before having the gas let into it from 
the generator, is connected with the first cylinder by a pipe 
which passes underneath and is not shown in the figure. 

By this means, as much of the compressed gas contained in the first cylinder as the water in 
the last cylinder will absorb is drawn over, and the pressure in the first considerably reduced, 
thus making it easier to refill with water, since the resistance is considerably diminished. In 

295 . 


recharging the first cyhnder, when the middle one is empty, it is connected with the latter, and 
the extra pressure reduced as in the previous case. When the third is empty, its surplus gas 
is withdrawn in refilling the middle one, the process being, therefore, continuous. The pipe 
shown at the bottom of the figure and connected with the three cylinders is attached to a pump at 
the right-hand side, and is used for filling them with water. 

Fig. 29G shows another apparatus belonging to the compression system, recently introduced. 
The gas is generated by the action of heat upon bicarbonate of soda, which is placed over a fire 
in a closed vessel. One half of the gas contained in the salt is driven off by heat, leaving a 
residue which by dissolving and ciystallizing becomes the ordinary washing soda. The gas when 
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generated is deprived of moisture and filtered before passing into a long, narrow cylinder, furnished 
with a pressure gauge at one end. This cylinder has a row of nipples upon its upper surface 
against which the bottles previously filled with the liquid to be aerated are placed. The gas is then 
passed into them, and they are agitated by means of the handle shown at the side. At the right- 
hand side of the machine is placed a screen inside which the workman stands while conducting the 
process, in order to protect himself from danger in case of a bottle bursting. 


296 . 297 . 



Another apparatus, devised and constructed by Mondollot, of Paris, is shown in Fig. 297. Its chief 
peculiarity is that it generates just sufficient gas at each revolution of the handle to aerate a 
definite quantity of water. 

Arrangement of a Factory . — For the benefit of those who are about to engage in this manufacture 
a description is here given of the best and most convenient arrangement of the plant. The details 
must, of course, be varied in many oases to meet special requirements and circumstances. 

Any well-lighted, ventilated and drained building of two floors, basement, and cellars may be 
utilized as a soda water factory. The cistern, which should be of slate, cast iron, or galvanized 
iron, and be supplied from the well or main, but not by lead pipes, should be placed at the top of 
the building. This cistern should be furnished with outlet pipes to convey water through a filter 
to the several machines and apparatus requiring it ; and also with other outlets for sluicing the 
fectory and other washing purposes. On the same floor there should be a crane for lifting in the 
various materials. A lift should run from the top floor to the cellars, and there should be, upon 
all floors, light and noiseless trollies, running on three or more wheels ; these are useful for shifting 
crates about, as necessity arises. The first floor should be used for storing the acid and the car- 
bonate; and the other portions of it may be partitioned off for a laboratory, solution and 
syrup-making rooms, and other purposes. The machinery, viz. the gas generator, purifier, and gas- 
holder, mixing and bottling machine, washing apparatus, and the motive power should be all situate 
on the groimd-floor. By this arrangement, the generating apparatus is supplied with vitriol and 
carbonate, and the filling machines with dosing material, directly from above. This floor should be 
asphalted and well drained, so that it may be easily flushed whenever necessary. The cellars, 
which should be kept perfectly cool, may be utilized as stores for the finished product. Any 
place likely to give off effluvia, such as stables or closets, must be kept as far away as possible. When 
the production is over 2000 bottles a day, it is well to employ horse or steam power : in small factories, 
the horse which takes out the goods may be utilized by means of a simple horse-wheel. If steam 
be used, and steam is generally most convenient, the boiler should be of sufficient size to provide 
for jacket pans, for boiling water or syrups, or for steam colls in the water tubs and washing troughs. 
Syrups should be kept in stone jars, and all solutions in slate tanks, for sweetness and cleanliness. 
It should be borne in mind that whiting is very liable to absorb foul gases. Aerated water exerts a 
corrosive action upon lead ; all pipes therefore which contain it must be of tin, or thickly tiimed, 
the joints being covered with pure tin. Indiarubber pipes are apt to become foul and to decay. 
Mixing cylinders should be examined once a year and retinncd whenever necessary, in order to 
avoid contamination. All water pipes and taps should be tested occasionally. When desired, meters 
for measuring carbonic acid gas and water may be used. Pipes and globes should be emptied, 
and cocks shut, when not in use, to prevent metallic contamination, or danger from frost in winter. 

The cooler the water is kept, the more gas it absorbs ; and it is also advisable to have 
thorough ventilation. The boiler should be covered with some non-conducting material, and the 
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pumps kept perfectly cool. A steam engine attached to each of the mixing machines is hardly a 
gain. When the make is sufficiently large for the adoption of steam, several machines are generally 
used ; to provide for cases of stoppage for repairs, the pumps may be required to work by manual 
labour. To avoid accidents, care should be taken to allow only those whose 
duty it is to see to the various parts of the machinery to have access to it. 

Bottles . — Many varieties of bottles to hold aerated waters have been intro- 
duced during the last few years. The ordinary corked bottle is too well known 
to need description, and is, moreover, rapidly falling into disuse. The use of 
corks in stoppering, to which there are many objections, has been almost 
superseded by the introduction of bottles of various kinds which are self- 
stoppering. Of the.se, one of the best known is that devised by Codd, and 
sliown in Figs. 298 and 299. In this bottle, a glass ball, or marble, forma 
a joint against an indiarubber seating fixed in the mouth. The ball, being 
larger than the orifice of the bottle, is introduced in the process of making, 
and the narrow groove to hold the rubber ring is formed in finishing the 
mouth. A contraction in the neck prevents the ball from falling into the 
bottle, and it is securely held in pouring out by an indentation in the neck. In 
opening, a firm but gentle pressure forces the ball from its seating, when it 
immediately falls into the shoulder of the bottle. The advantages possessed 
by this bottle over the ordinary kind are numerous. The glass stopper is 
practically everlasting. No string or wire is needed. Skilled labour is not 
required, tyers, wirers, and fitters being at the same time dispensed with 
and the chances of breakage consequently diminished. 

Besides being conducive to cleanliness, it is claimed for this stopper that 
since it is not allowed to fall into the liquid, the full amount of gas is retained 
in the bottle. If the stopper were allowed to fall back into the bottle, a con- 
siderable percentage of the gas would be immediately discharged and wasted. 

This action may be seen by dropping a stone into an ordinary soda water 
bottle, when first opened ; the gas at once collects in bubbles, which rush to the surface and are 
wasted. Codd’s bottle, the merits of which arc now widely recognized, is largely used by manu- 
facturers of aerated waters. 

Another bottle, on a similar principle, is that known as Lament’s, and shown in Fig. 300. 
The stopper is made either of eljonite or of glass, and is provided with an indiarubber ring 
fastened round it ; this ring, when the bottle is full, is pressed tightly 
against a small rim in the neck. This bottle is opened in the same manner 
as Codd’s,- by pressing down the stopper. 

If the aerated water is used for supplying iced fruit drinks from counter- 
fountains, portable cylinders, such as that shown in Fig. 301, are used; these 
are made of steel and copper, and ought to be glass-lined whenever the water 
is to remain in them for any length of time. In England, aerated waters 
are usually sent out in bottles ; in France, siphons ore more commonly 
used ; in America, cylinders form the principal receptacles, and are largely 
supplied to chemists, confectioners, and fruiterers, many of these having 
large amounts invested in marble counter-lountains from which the drinks 
are dispensed. 

Corks . — The corks should be carefully chosen, those only being selected which are capable of 
resisting a high pressure. Old wine corks may be used, but they must be well cleansed in a solution 
that will thoroughly purify them. They may be slightly moistened before 
using, in order that they may be readily compressed in the machine ; large 
hard corks can be brought to almost any degree of softness by steaming. 

The use of corks has been to a large extent superseded by the self-stoppering 
bottles already described. 

It will be well to make here a few general remarks upon the most im- 
portant points in the manufacture. Above everythiug else, it is indispensable 
that the maker of aerated beverages should have a constant supply of the 
purest and freshest water. On the purity of the water depends in a great 
measure the quality of the produce; and on its abundance and freshness 
depend the cleanliness and temperature of the work-room and the reo-ular 
working of the entire process. 

The most scrupulous cleanliness is also indispensable, and this fact canifot 
be too strongly insisted upon. No conceivable precaution which would help 
to ensure this condition should be omitted, since not only does the success of the business depend 
uiKM it, but the health of the hands employed also, and the cleanliness, or otherwise, of a factory is 
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the first point to which a sanitary inspector visiting it would direct his attention. When, as is often 
the case, the factory is situate in the heart of a large town, the manufacture is sometimes carried on 
in eeUars, by the help of artificial light. In such a case, it is essential that the rooms be thoroughly- 
ventilated in order that the carbonic acid gas, of which a large quantity is inevitably wasted, may be 
carried away as soon as it is evolved, and the air thereby be kept pure and fresh. Eefrigerators disposed 
aroimd the apparatus are used with advantage, in order to preserve the required low temperature ; 
in hot weather, indeed, it is impossible to acquire it in any other way. Although the expansion 
of the gas occasioned by a rise in temperature may not appear considerable, it becomes readily 
perceptible in practice, when liquids are sometimes saturated at a pressure of 10 or 14 atmospheres. 

The factory should always be well provided with gas-producing materials, stored in the most 
convenient place. Acid cisterns should be kept carefully covered in order to prevent accidents, and 
the contents should be handled only by those whose duty it is to manipulate the supplies. The car- 
bonate, of whatever description, and the vitriol must be of the purest ; this is another point upon which 
much depends. Samples of the former ought to contain no foreign salts, and especially no salts of iron 
or earthy oxides. The acid ought to have been carefully rectified ; the use of common vitriol imparts 
to the water a nitrous taste which can frequently be detected in the produce of inferior makers. 

Beer. (Fa., Biere ; Geb., Eicr.)— Beer is a fermented liquor produced from malted barley, 
and flavoured by the addition of hops. Diflerent varieties of this liquor are known as “ bitter ale,” 
“ mild ale,” “ porter,” and “ stout,” according to their flavour, strength, or colour, and to the nature 
and quantity of ingredients used in their production. Beer and porter are manufactured in enormous 
quantities in England, comparatively little being made anywhere else. The produce of some of 
the largest breweries, and particularly those of Burton-on-Trent, is famed throughout the whole of 
the civilized world. The article itself and its peculiarities are too well known to need description. 

The materials employed in brewing are, in the main, water, barley, and hops, and since much care 
is requisite in making selection of the ingredients, it will be necessary to describe minutely those 
kinds of each which are beat adapted to the requirements of the brewer. The process by which 
beer is brewed from these may be divided into two operations : malting and brewing. Full 
particulars of the operation of malting, or of converting barley into malt, and of the apparatus 
employed, will be found in the article on Malt, and hence it will be only necessary to point out 
here the nature of the changes undergone by the barley in its conversion. The subsequent processes 
of brewing will be treated iu minute detail. 

Water . — A constant, unfailing supply of good water is indispensable in brewing ; though what 
really constitutes good water is a point upon which many brewers and chemists have long been at issue. 
Some rest their faith upon a soft water; others will use only the hardest water they can get ; while 
others, again, are quite indifferent, and will use either. It is now, however, a generally accepted 
fact that water for brewing should not contain organic matter, but a considerable quantity of 
inorganic or saline constituents, these varying in nature and quantity, according as the beer to be 
made is required for keeping or for immediate consumption. English brewers are now agreed that 
the water should contain much carbonate and sulphate of lime. The former of these two ingre- 
dients is the most necessary, but they should both be present in the water &om which ale is 
to be made ; water used iu brewing porter may contain the carbonate alone. For the best ales, 
the proportions seem to be from 10 to 20 grains a gallon of each. The excellence of the ales made 
by the Burton brewers is doubtless due to the quality of the water used by them; it is very hard, 
and contains, as will be seen from the analyses given below, a large proportion of alkaline sulphates 
and carbonates ; this is the best argument that can be brought forward in favour of the use of 
hard water. The supply is derived entirely from springs, and not, as some suppose, from the 
river Trent. It has also been urged, as an advantage, that hard water increases the quantity 
of saccharine matter held in the wort, thus heightening the flavour and preventing it from be- 
coming acid. The following tables represent analyses of the waters used by several of the largest 
brewing firms in the United Kingdom : — 


Two Analyses of Barton Water. 


Chloride of sodium 

(1). 

.. 1012 


(2). 

Sulphate of potash . . 

7’65 


,, 

„ lime 

.. 18-96 


54-40 

„ magnesia 

9-95 


0-83 

Carbonate of lime 

.. 15-51 


9-93 

„ magnesia 

.. 1-70 



„ * iron .. .. 

.. 0-60 



Silicic acid 

0-79 



Chloride of calcium .. 

.. 


13-28 


65-28 


78-44 


grains a gallon. 
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Two Analyses of Edinburgh Water. 



(1). 

(2). 


Chloride of sodium .. 

.. 11-71 

7-78 

grains a gallon. 

Sulphate of lime 

.. 11-69 

9-76 

It 

Chloride of magnesia . . 

.. 

2-13 

Jt 

„ potassium 

.. 2-86 

0-56 


Carbonate of lime 

.. 19-86 

28-26 

» 

„ magnesia •• 

.. 

5-48 

1* 

Phosphates 

.. 

0-31 


Oxide of iron 


0-26 


Silica 

.. 0-68 

0-32 

•> 

Sulphate of soda 

4-46 



„ magnesia .. 

.. 10-90 


» 

Organic matter 

" 

1-56 

.. 


62-16 

56-42 


Two Analyses of Dublin Water. 



(1). 

(2). 


Carbonate of lime 

.. 12-42 

14-21 

grains a gallon. 

Sulphate of lime 

.. 4-44 

4-45 

»> 

Carbonate of magnesia 

.. 1-23 

1-22 


Alkaline chlorides 

.. 1-84 

1-83 


Oxide of iron 

.. 1-24 

0-24 

t} 

Silica 

.. 1-24 

0-26 


Organic matter 

.. 1-38 

1-30 

>» 


23-79 

23-51 



When nothing but soft water can be had, it is possible to imitate the Burton water very closely 
by the addition of sulphate of lime, and the chlorides of sodium, magnesium, and calcium. These 
salts are added in the water cisterns or coppers. Gypsum, or sulphate of lime, which is sufBciently 
soluble, is used in lumps, one or two inches square; when added to the hot-water coppers, it is 
employed in a fine powder. 

Barley . — The selection of the barley used by the brewer calls for the exercise of much 
skill and judgment ; unless the quality be of the very best, it is impossible to obtain good malt, 
and without good malt, it is useless to attempt to make good beer. A practised brewer can 
judge of the quality of his barley by its appearance. The heaviest, if in good condition, is always 
the best ; the grains should be plump, and of a pale-yellow colour ; they should have a thin skin, 
and a free, chalky fracture. That which has been grown in a light soil and harvested early, is also 
preferable. It is of much importance to the maltster that barley be lodged in the stack for a few 
weeks before being thrashed, iu order to allow the moisture from the soil to dry off before it comes 
into his hands. If this is done, the operation of drying in the kiln is avoided. In moist districts, 
however, where the grain never gets thoroughly dried, this process must invariably be had recourse 
to; the temperature of the kilns must never be allowed to rise above 50° (120° F.). Care must be 
taken to avoid breaking or crushing the grains of malting bailey, so as to minimize the chances of 
its becoming mouldy in the subsequent processes of malting, a contingency which should be 
avoided in every possible way. It should also be screened before steeping, in order that the grains 
may all be of equal size on the spireing floor. These remarks, of course, apply only to the brewer 
who is, as he ought always to be, his own maltster. 

ll' ps . — The wort made from barley alone has little or no flavour, but it is afforded an agreeable 
and permanent bitterness by the addition of bops, before fermenting. Hops are grown extensively 
in Kent and Sussex, the best varieties coming from the neighbourhood of Canterbury and Maid- 
stone ; the next in quality to these are the hops of Farnham and Worcester. Hops are of a light, 
straw-yellow colour, and have a peculiar, pleasant aroma, due to the presence of the bitter principle 
termed lupuUn. The only important process iu the preparation of hops is the drj'ing, or curing. 
This is effected in rough kilns, termed in Sussex “ oast-houses ” ; these should be heated to about 
48° (120° F.), but in no case higher than this. The dried or cured malt must be packed into sacks 
and stored in close, dry rooms. • 

Foreign hops are largely used by brewers in this country, but as they are not so rich in flavour 
as the English, they are never used alone, but mixed in different proportions with the English kinds. 

The general effect of hops upon the beer is to render it stimulant, and to impart to it a bitter 
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flavour, thus neutralizing the unpleasant, sickly flavour of the malt. The tonic properties of bitter ales 
are due entirely to this bitter principle. The hops also tend to prevent the beer from turning sour. 

Malting. ^This process, which will be fully described in the article Malt, is the conversion of 

raw barley into malt, by a series of four processes, named respectively, steeping, couching, flooring, 
and drying. The grain is first steeped in water until it has taken up the quantity required for 
germination ; it is then spread out in even layers on the -floor of the malthouse, and repeatedly 
turned over until germination begins ; when little rootlets appear at the extremities of the grains, 
the germination is checked by drying the malt rapidly in kilns. 

During the first part of the process, namely, steeping in water, the grain swells up, increasing 
about one-fifth in bulk and one-third in weight ; the aliorbed water is assimilated by the starch of the 
grain during the after process of flooring, sugar being thereby produced. Only about halt the starch 
contained in the grain is converted in this way into sugar, the germination being cliecked in the 
middle, since the continuance of the process would exhaust the grain, and the remainder of the 
valuable constituents would be taken up by the growth of the roots and stems. The chief object, 
therefore, of the process, is to check the germination as soon as the largest possible amount of starch 
has been converted into sugar; this is generally known to be the case when the plumule, or 
acrospire, has grown, under the husk, to two-thirds of the length of the grain. The following 
analyses by Proust will point out the nature of the changes undergone by barley in the process of 


malting : — 


Hordeine .. 

Starch 

Gluten 

Sugar.. 

Mucilage . . 

Eesin.. 


Barley. 

55 

32 

3 
5 

4 
1 


Malt. 

12 

56 

1 

15 

15 

1 


100 100 


It will thus be seen that the amount of starch and convertible sugar has been nearly doubled, 
while the hordeine has been reduced to one-fourth, the remainder of it being converted into 
mucilage. 

In the process of drying, not only is the water expelled from the grain, and further germination 
thereby prevented, but a considerable quantity of the unchanged starch is also converted into sugar. 
This is proved by the fact that if separate portions of malt be dried in the atmosphere and in the 
kiln, that dried in the kiln is found to have considerably more saccharine matter than the other. 
Malt dried in the kiln afibrds, also, an agreeable flavour to the beer made from it, besides tending to 
its preservation. 

During germination, a peculiar nitrogenous substance, called diastase, is formed in the grain, 
which is especially active in converting starch into sugar after the malt has been infused in water. 
The worts from malted barley contain about one part of diastase in 100. 

Many brewers and distillers use a mixture of malted and unmalted barley for the formation of 
their worts, in order to save expense ; the cost of malting, together with the duty on the article, 
rendering it much higher in price than the unmalted grain. With care, nearly as much saccharine 
matter can be extracted from such a mixture as from the immised malt, although the subsequent 
processes, in the former case, present many difficulties. In either case, the malt, or the mixture of 
malt and grain, must be ground or crushed before it is ready for use. This is performed in order 
to expose as large a surface as possible to the action of the water used in making the worts. The 
effect of the previous steeping, however, is to prepare it in some measure for the reception of the 
water, and hence it is not necessary to grind malt alone very finely. When a mixture is employed, 
a portion of the grains have not been thus prepared, and the whole must be ground more finely. 
A brighter and clearer wort is invariably obtained from unmixed malt, on account of the comparative 
absence of suspended starch. 

Bbewing. — The process of brewing comprises four distinct operations, namely (1) mashing, or 
the preparation of the sweet wort; (2) boiling, or tbe preparation of the bitter wort; (3) cooling, 
or the refrigeration of the worts ; and (4) fermentation. These operations wdl now be described in 
their order. 

Before describing the process of mashing, it is necessary to deal shortly with the hoppers, by 
which the crushed malt, or grist, is received after it leaves the malt mills. These hoppers are 
termed grist eases, ani*were formerly constructed of wood, but are now generally of iron. The iron 
can best be employed in the corrugated form, as the corrugation gives stiflhess, with but little 
bracing. The form varies considerably and is determined by circumstances ; in cases where special 
mashing machines are not employed, the mashing being wholly performed within the mash tun, the 
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grist cases are generally made to deliver the grist into the tun at four places. The lower part of 
each case is divided to effect separate delivery into four hoppers, each of which has its separate 
spout for the delivery of the malt. At Bass’s brewery, at Burton, the grist is delivered from the case 
into the masli tuns, the grist case being placed directly over the mash tun. For porter brewing, 
as carried on at the City of London Brewery, tlie grist cases are not in the same room as the 
mash tuns, but the grist is supplied to the tuns by shoots, passing through one of the walls, and 
constructed so as to be lifted up out of the way when not in use. Where mashing machines are 
employed, the circumstances determine the construction of the grist case. 

There are many methods of conveying the grist from the malt mills to the grist case ; but these 
again are determined by the arrangement of the brewery, and wiU be dealt with under another 
heading. 

Mushing . — The malt having been crushed in the malt mill, is treated to prepare for the operation 
of mashing a saccharine wort. This is effected by mixing the crushed malt with water of a certain 
temperature; the malt contains the peculiar principle of fermentation referred to above, diastase, which 
is, however, not a true ferment. This substance possesses the property of converting starch into dex- 
trine, and by prolonged action, into sugar, and is the canse of the formation of the saccharine wort by 
the mashing process. Payen and Persoz have determined that it depends, whether the starch shall 
be converted into dextrine or into sugar, upon the lime dmdng which the malt is digested and upon 
tlie temperature. They quote the following experiment as illustrative of the action. From 6 to 10 
parts of finely ground malt are put into 100 parts of water heated to a temperature of 27° (80° F.), and 
100 parts of starch are added, the mixture being stirred, and the temperature raised to G0° (140° F.). 
The temperature is again raised to 70° (158° F.),and maintained between that temperature and 75° 
(167° F In twenty to thirty minutes the solution, originally milky, becomes of a pasty consistency, 
and loses thickness. This loss of consistency takes place when the starch is converted iuto dextrine. 
In this condition, if the solution is rapidly raised to the boiling point, and sufficient water got rid of 
as steam, a thick gum is obtained. But if the solution, instead of being raised to the boiling point, 
is kept at a temperature of 70° to 75° (158° to 167° F.) for two or three hours, the starch, or the greater 
portion of it, will be converted into sugar. By removal of the water from this sugar solution, by 
evaporation at the same temperature, a syrup results resembling that produced by the action of 
sulphuric acid on a solution of starch. Substituting in this experiment, for the mixture of malt 
and starch, a mashing of malt alone, the diastase, having a smaller proportion of starch to act 
upon, more quickly yields a saccharine liquid. Pure diastase will convert 2000 times its own 
weight of starch iuto sugar, the time of the action being inversely as the proportion of starch. 
This experiment illustrates in an important manner the operation of mashing, as it shows that by 
the duration of the mash, the wort may be made to contain greater or less proportion of dextrine 
not converted into sugar. 

Dextrine, like sugar, is fermeutable, and can be converted into alcohol. Sugar is, however, 
easily fermentable; dextrine is only fermentable with difficulty, and it requires a greater proportion of 
ferment, and a higher temperature in the fermentation tun. Dextiine may be considered to exert 
such an influence on the fermentation of the wort as to enable the brewer, by its means to control 
the action in the tun, and is specially valuable for his use in proper proportions. These proportions 
depend chiefly on the class of beer to be made, as well as upon the season of the year at which the 
brewing takes place. An entirely saccharine wort yields too energetic a fermentation for the brewer 
to keep the process, even at ordinary temperature, under control. In such a case the suc'ar is 
wholly decomposed, and the wort converted into alcohol and water, or if too much oxygen is 
absorbed, into vinegar. In worts containing dextrine in a certain proportion, there flrst occurs a 
fermentation, agreeing with fermentation commonly so termed, during which the sugar and dextrine 
together undergo transformation into alcohol. There also occurs a second period during which the 
fermentation of the dextrine is continued, after the sugar has been decomposed ; this period is 
productive in brewing of some of the most valuable properties of beer ; it may be termed the period 
of dextrinous or after-fermentation. This after-fermentation is much slower than that of the first 
period, and to it is due the briskness to the palate of good beer, even after the beer has been a 
considerable time in cask. The carbonic acid evolved during this fermentation prevents the 
absorption of oxygen, and consequently the formation of acid. Beer to be kept a long time requires 
great care to be paid to the after-fermentation, and should be prepared from wort containing 
a larger proportion of dextrine. Beers brewed for rapid consumption may contain a very large 
proportion of sugar, but on this account will not keep, especially in hot weather. The proportion 
of dextrine in the wort depends upon the brewer’s particular trade, and to a great extent upon the 
class of beer he brews, regulated by the mashing process. 

Consideiation of the preceding principles will show that the season of th« year materially affects 
the brewing process. In summer, the risk of using a highly saccharine wort is greater than in 
winter, but the proportion of this risk will depend upon the plant and arrangement of the brewery. 
The proportion of dextrine and sugar contained in the wort may be regulated j)ractically during the 
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process of mashing, in two ways. The proportion of sugar may be inweased by prolonging the 
mash with due regard to the maintenance of temperature ; or the same resuit may be obtained by 
keeping the drained or filtered wort at a temperature of 74° (165° F.) Ure in experimenting on the 
wort drained from the mash tun, and kept at that temperature, found the proportion of dextrine to 
sugar, which was originally 16 to 3, to he changed to 17" 8 to 1’2, the conversion of dextrine into 
sugar being almost complete. The influence of variation in the proportion of dextrine and sugar 
in the fermentation of the wort, must be entered into in greater detail when treating of the 
fermenting process. 

It is necessary to be able to ascertain the proportion of dextrine or sugar contained in a wort. 
Ure describes two methods by which tliis can be done. The first consists in ascertaining the 
amount of sugar in a given wort of determined strength ; and the second the amount of dextrine. 
It is more easy to determine the quantity of dextrine contained in a wort tlian the amount of sugar, 
but the proportion of sugar can be ascertain^ with greater accuracy. This will be described later 
under Sacchometry. 

To ascertain the quantity of dextrine, add to a given volume of strong wort, having the density 
of about 30 lb. a barrel, an equal quantity of alcohol, or ordinary spirits of wine. This addition 
will cause the whole of the dextrine to be precipitated ; and it is convenient to cause the precipita- 
tion to occur in a graduated tube, by which the bulk of the precipitate thrown down may be 
learned, and thereby its weight estimated. If the weight is less than 30 lb. a barrel, the 
proportion of alcohol must be increased ; but if the wort is stronger, a smaller quantity of alcohol 
will effect the precipitation. It will be found useful, in practice, to have fi.\ed to the tube a table, 
showing the relative proportion of alcohol required for worts of different strength. 

The amount of sugar in a given wort may be ascertained by boiling 100 grains of the wort, with 


about 10 fluid oz. of the following solution : — 

Sulphate of copper, crystals 100 grains. 

Bitartrate of potash 200 „ 

Carbonate of soda, crystals 800 „ 

Boiling water, 1 pint, or 8750 „ 


To make this solution, the sulphate of copper should be first dissolved, and the bitartrate of 
potash added. The carbonate of soda should then be added, and the solution filtered. By boiling 
the wort with this solution, a red precipitate is obtained, which is to be collected and weighed. 
Three grains of precipitate indicate the presence of 1 grain of grape sugar in the wort. 

It is customary to indicate the strength of the wort by the excess in pounds of the weight of 
the barrel of it, above the weight of a similar barrel of water. For instance, the weight of a barrel 
of water being 360 lb., and that of the barrel of wort 390 lb., the wort is said to be of 30 lb. 
gravity. Brewers’ saccharometers are graduated to show the gravity of the worts in this way ; a 
quarter of good malt generally yields sufficient extract with one barrel of water for a wort of 90 lb. 
gravity, or sometimes even as much as 95 ib. gravity a barrel. U pou this fact is based the method 
of calculating the quantity of water or liquor, as it is termed, to be used in the mashing. Porter 
and stout, in which a considerable proportion of black or brown malt is used, allow of a lesser 
amount of extract, or about that sufficient to make with one barrel of water, a wort of 84 to 86 lb. 
gravity. These facts borne in mind, the quantity of liquor to be used in a given mashing may be 
thus calculated ; — 

If a mash of 50 quarters of malt be to be made and beer of 25 lb. gravity to be produced, the malt 
being of such quaiity as to yield 90 lb. a quarter, as estimated by the saccharometer, the quantity 

50 X 90 

of heer produced will amount to — — — = 180 barrels. If there were no losses during the 

mashes and in the subsequent processes, 180 barrels would be the quantity of liquor to be used ; but 
the several following allowances have to be made. The goods, as the prepared malt is termed, 
retain by capillary action about j barrel a quarter of matt mashed. The loss by evaporation 
during boiling in the copper has to be made up, as well as the evaporation during the cooling 
down from boiling point to the temperature when the beer is run into the fermentation tun. The 
last process generally incurs the loss of one-eighth of the total bulk, whilst the loss in the copper 
varies according to its evaporative effect. For 180 barrels, the total quantity of liquor may be 
calculated thus ; — In addition to 

180 barrels. 

One-eighth for evaporation during cooling 22J „ . 

For absorption.. 37 J „ 

For boiUng 8 „ 


or a total of 248 barrels. 
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There are several ways of distributing this quantity of liquor. It is preferred in some oases to 
make only one mash, and to sparge the remainder ; and in others as many as five successive mashes 
would be employed. 

In some instances the malt and liquor are mixed in the mash tun by stirring oars ; in others, by 
special machinery, afterwards to be described ; the object being to thoroughly mix the malt and 
water to prevent balling or lumps occurring. The mash at first is recommended to be made as stiff 
as possible, IJ to 2 barrels of water a quarter of malt being generally used. 

In determining the temperature of the water to be employed in the mashing, it is necessary to 
prevent the liquor being admitted at so high a temperature as to set, or lock up, the goods, that is, 
to cause the starch to run into a cohesive or pasty state. The proper initial temperature will 
depend upon the quality of the malt employed. When the malt is high dried, the liquor may be 
used at a higher temperature. Mashing is sometimes commenced at 71° (160° F.), and liquor subse- 
quently added at a temperature that will give a wort ready to be drawn off at about 63° (145° F.). 
This method has its advantages. The malt is first softened, and the more soluble portions are 
extracted without loss of starch. Once the process is operating well, the addition of liquor at a 
somewhat high temperature does not offer great risk. There must also be taken into account the loss 
of temperature due to conduction and radiation of heat, and to prevent excessive loss it is advisable 
to heat the mash tun with hot water, before commencing mashing operations. Another alteration 
of temperature is caused by the mixture of tlie liquor with the malt. For instance, if a quarter of 
unmalted barley, at a temperature of 10° (50° F.), is mixed with twice this volume of water at 
65° (150° F.), the mixture will have about a mean temperature of 38° (100° F.). But when malt is 
mixed with water, the resulting temperature is above the mean, and the difference is greater when 
the malt is more highly dried. With highly dried brown malt, the temperature would rise to as 
much as 5° above the mean. If the malt has become mellowed by the absorption of moisture 
from the atmosphere, the temperature is less ; this absorption is very likely to occur if the malt 
has stood long before grinding. The rise of temperature appears due to the chemical conversion 
of starch into sugar, and takes place during the first mash, when the conversion is most energetic. 
During the formation of starch, a froth rises to the surface of the liquor in the mash tun, affording 
an indication of the conversion proceeding properly. 

The theory broached above as to the action of diastase, that it converted the starch into dextrine, 
in the first place, and some of that dextrine into sugar, is due to Mulder. Schwarzer states that at 
temperatures above 60° (140° F.), the ratio of glucose to dextrine is as 1 to 3 ; whereas below that 
point, the ratio is os one to one, or equal. Sullivan states that neither dextrine nor glucose is 
formed, but that the sugar termed maltase, intermediate between grape sugar and starch, is the 
resulting product. Diastase is dissolved in greater quantities from the malt by a long digestion 
at low than at high temperatures ; and the action is most complete between 38° and 60° (100° 
and 140° F.). But the soluble matters of the mash suffer saccharine conversion more actively 
when the temperature is much higher. 

From analyses that have been made of malt as well ns barley, it appears that the available 
constituents of malt, as dried by ordinary means, amount to 78 '3 per cent.; so that a quarter of 
good malt weighing 352 lb., will contain 275'5 lb. of available constituents. The remainder con- 
sists of water and husk. These available constituents are not all saccharine matter, but consist 
also of albumen and gluten, got rid of in after processes. The best practical results obtained, 
as measured by the saccharometers of Dring and Fage, give 243 to 256-5 lb. available con- 
stituents. 

Of course the most important point with the brewer is to completely abstract the soluble 
substances from his malt, and to effect this with the least possible quantity of liquor, taking care to 
prevent the occurrence of acidity. In the opinion of Muspratt, too much water is used, and the 
diastase and gluten of the malt are considered to be capable of transforming a much larger quantity 
of starch into sugar than is present ; and the water used is sufScient to hold in solution a greater 
quantity of saccharine matter than occurs in the brewing operation. According to this view, the 
usual methods of brewing are defective, for the reason that an unnecessarily large quantity of 
liquor is used. 

As the diastase is most active when the solution of malt is dilute, and when the tempera- 
ture is between 71° and 77° (160° and 170° F.), by sustaining an equalized temperature and 
employing only a moderate quantity of wafer, the conversion of starch into glucose will be com- 
plete almost in the first mashing, leaving nothing for subsequent sparging, except to remove the 
infusion absorbed by the goods. If this is accomplished with four to five barrels instead of with 
six to seven, there are the advantages that time and fuel employed in evaporation will be saved, 
as well as sounder beer produced, tendency to acetify being less with a strong wort than with a 
weak one. According to this view repeated mashes are to be avoided. * 

The English method of mashing employs a high initial temperature, and the following table by 
Graham gives the proportion per cent, of the constituents after three hours’ mashing ; 
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60° 

65° 

70° 

76° 

80° 


(140° F.) 

(150° F.) j 

(160° F.) 

(170° F.) 

(175° F.) 

Extract 

70-00 

' 69-75 

69-00 

67-25 


Draff 

22-28 

! 23-65 

23-96 

24-39 


Glucose ' 

33-35 ! 

30-50 

29-41 

20-79 

15-62 

Dextrine 

32-50 i 

34-11 

34-33 



Soluble starch 

i 

' traces 

traces 

41-13 



These figures show that the higher the initial temperature, the less is the proportion of sugar and 
unconverted starch contained in the extract. 

(Considering that one of the first necessities of the brewer is to prevent other fermentations being 
set up than that desired, cleanliness is one of the essentials. Any albuminous substance tending 
to putrescence would communicate similar change to the wort. In no place is cleanliness more 
required than in the mash tun, which should be carefully washed with lime water after every 
mashing, unless mashings are made daily. This work should be completed on the day previous to 
that of the brewing, so that on the day of brewing operations may be commenced early in the morn- 
ing, especially in hot weather. 

The temperature of the atmosphere, the quantity of the malt, and the heats of the mashings 
should be carefully noted ; Levesque has given the following practical example as a convenient 
illustration. For greater facility the example is reduced to one-quarter brewing, which can bo 
multiplied by any number that may be required. The total quantity of beer or liquor is techuically 
termed the length. 

All waste of liquor is to be duly accounted for, and this calculation is to be made for a fair quantity 
of boiling-room in the copper, which ought to be one-fifth part of the whole content. A quarter 
of tender, well-made malt, thin skinned, of 44 lb. a bushel, or 352 lb. malt, as it is termed, will 
yield 2 bis. 0 fir. 3 gals, strong ale, of 40 lb. gravity a barrel, with 4 bis. 0 fir. 5 gals, liquor for 
the mashes, and 2 bis. 2 fir. more liquor for the return wort ; making in the whole 6 bis. 2 firs. 
5 gals, liquor a quarter. This, previous to brewing, is stated as follows — 

Weight of Malt, 44 lb. a bushel, 352 lb. a quarter. Gravity 95 lb. a quarter. Malt 1 quarter. 


Hops 12 lb. 

bis. fir. gals. 

Length required, net quantity 203 

Waste by fermentation 005 

Waste by boiling one hour, one in ten 0 0 7| 

Waste by evaporation, one in ten 0 1 5 

Hops will imbibe, per 12 lb .. 0 0 7J 


For the copper wort 30 1 

Malt will imbibe, a quarter 104 


Quantity of liquor for the mashings of the strong 4 0 5 

First mash, under the Malt 220 


12 5 

Second mash, over the goods, and cover up immedUtely . . 0 3 5 

0 3 0 

Third mash, over the goods, and cover up immediately . . 0 3 0 


Fourth mash, under the goods, and mash for returns . . . . 2 2 0 

Brought down 4 0 5 


Total quantity of liquor a quarter 6 2 5 

bis. fir. gals. 

Liquor.. .. 4 0 5 

Length 2 0 3 

Waste 2 0 2 


If the second and third are mashed, the second heat must be 80° (175° F.), and the third 82°, 
(179° F.). 
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The work done is shown by the following table ; the reference to the number of lb. of yeast a 


barrel will be explained subsequently : — 


Temperature of air 
at time of maslilng. 

Malt. 

Hops. 

i 4 
s 

A 1 

u 

u 

o 

3 

c 

Heat of liquor. 

Time of standing of 
the masli. 

Gravity of extract. 

Number of barrels 
in the gyle-tun. 

■ 

Gravity a barrel. 

Number of lb. in 
each wort. 

Gra\ity a quarter. 

PiJehing beats, and 
lb. of yeast a 
barrel. 

Advance of heat, and 
decrease of gravity, 
every six or twelve 
houis.to the clean- 
ing point. 

i 

' qr. bu-^. 

'lb. 

bis. fir. cis.l 

h. min.^ 

gravity 

bis. fir. glsj 

! 

i lb. 



hr. 

F. 

! gnivity 

40° 

1 0 

12 

2 

2 

0; 

76° 2 0 1 

40 

208 37-47 

83-20 


50° 


50°| 

I 36-48 

I 



0 

3 

si 

82 1 


38 

1 





12 

51 

35 




0 

3 

0 

87 


36 

is equal to 

40-00 



2-8749 

24^ 

52 

' 33 




2 

2 

0 

68 

0 30 

30 

2 0 3 




lb. a barrel. 

36 

64 

30 



i 








28 






48 

55 

27 




6 

2 

5 



24 





lb. oz. 

60 

57 

24 









19 

2 2 0 

4-72 

11-80 95-00 

6 14 

72 

59 

21 









16 



1 



84l 

61 

17-50 









12 






96 

63 

15 







• 








108 

65 

13 









9)243 






120 

70 

12 









1 27 lb. 







Cleansed. 


The malt should if possible be ground not longer than a day previous to mashing, and should 
never be kept for more than three or four days, because it absorbs moisture from the atmosphere, 
and becomes heated through internal decomposition of the saccharine constituents, which will make 
the beer bad in quality. 

Mashing is performed in a vessel termed a mash tun, the contents being stirred either by hand 
with oars or by machinery. Different forms of mash tuns wiU be subsequently described. 

After mashing the tub is carefully covered, to maintain the temperature of the mash and to 
exclude air from the wort. Allowed to rest for about two hours, it is drawn off to the copper. 
The following table, given by Levesque, which, like the preceding, has been calculated on the 
b.isls of Fahrenheit’s thermometer, relates to the temperature and time of standing of the mash ; 
and shows reduction of the temperature of the air, the heat for mashing, at any required 
temperature, in which the degrees and hundredths of a degree show how far calculation may be 
relied upon ; the hours and minutes for the standing of the mash, observing that when the air is 
higher tha.n tlie given temperature, the time of the standing of the mash is to be diminished in ratio 
through the four classes of mashing heats. The heat of the tap is to be taken in the middle of the 
spending. For every shade of malt higher than the palest, a reduction of 5° must be made. If the 
liquor be cooled down in the mash tun to receive the malt, the liquor must be taken 8° lower than 
in the other method. In well-constructed breweries, the heats of the tap will correspond very 
nearly with the statement when the tun is mashed full or nearly so. 


O 

SC 
A) JS 

Class I. 
Heat of the 
Masb, 

146 ° to 148° F. 

o 

.£ 

c , 

a 

^ tfi 

o .5 
& .2 
a S 

Class II. 
Heat of the 
Masb, 

145° to 147° F, 

O 

(0 

a 

O 

o = 

u"*. 

Class III. 
Heat of the 
Masb, 

144° to 146° F. 

b_i 

O 

o . 

a> 

o B 
£ ® 

Class I V'. 
Heat of the 
Mash. 

143° to 145° F. 

Time of standing of 
the mash. 

li 

n 

Firkins 

a 

Quarter, 

6. 

•s S 

e <s 

S5 

c. ^ 

I’S 

Firkins | Firkins 
a 1 a 
Quarter, Quarter, 
J. 1 8. 

Time of ai 
the roasi 

Is 

i-g 

Firkins i Firkins 
a I a 
Quarter,; Quarter, 
d. j 10. 

■s a 

QD O 

|i 

II 

S 

Firkins | Firkins 
a j a 
Quarter, Quarter, 
11, j 12. 

F.° 

drg. F. 

H. U. 

F.° 

deg. F. ' deg. F 

H. 31. 

F.v 

deg. F. j deg. F. 

H 3f. 

fo 

deg. F. j deg. F. 

n. M. 

10 

197-00 

4 00 

10 

189-00184-00 

3 00 

10 

178-00175-00 

2 00 

lb 

172-00170-00 

1 00 

15 

195-17 

4 00 

15 

187-42182-59 

3 00 

15 

176-84173-92 

2 00 

15 171-00169-19 

I 00 

20 

193-34 

4 00 

20 

185-84181-18 

3 00 

20 .175-68:172-84 

2 00 

20 

170-00168-28 

1 00 

25 

191-51 ; 

4 00 

25 

184-26179-771 

3 00 

25 :i74-52171-76 

2 00 

25 169-00;167-37 
30 168-00il66-46' 

1 oo 

30 

189-68 I 

4 00 

30 182-68 178- 36, 

3 00 

30 .173-36170-68: 

2 00 

1 00 

35 

187-85 , 

4 00 

35 

180-10176-95: 3 00 

35 

172-20169-60, 

2 00 

35 

167-00165-55 

1 00 

40 

186-02 |4 OOi 

40 :179-52 175-54: 3 00 

40 

171-04168-52! 

2 00 

40 

166-00:164-64! 

1 00 

45 

184-19 

4 00 

45 177-94174-13 3 00 

45 

169-88.167-441 

2 00 

45 165-00163-73 

1 00 

50 

182-36 ' 

t 00 

50 ,176-36172-72; 

3 00 

50 

168-72166-36' 

2 00 

50 '164-00|l62-82 

1 00 

55 

180-53 4 00 

55 174-78171-31 

3 00 

55 

167-56,165-28! 

2 00 

55 163-00,161-91 

1 00 

60 

178-70 3 40 

60 173-20169-90, 

2 45 

60 

166-40164-20! 

1 50 

60 

162-00161-00 

0 55 

65 

176-87 3 20 

65 171-62168-49 

2 30 

65 165-24:163-12: 

1 40 

65 161-001160-19 

0 50 

70 

175 Oi 3 00 

70 170-04167-07; 

2 15 

70 ,164-08,162-041 

1 30 

70 :i60-00|l59-28 

0 45 

Heat of the tap from 
144° to 146° F. 

Heat of the tap from 
143° to 145° F. 

Heat of the tap from 
142° to 144° F. 

Heat of the tap from 
141° to 143° F. 
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Some brewers admit the water into the mashing tun at a higher temperature than is necessary 
for the mash, allowing it to cool before the malt is put in. In other breweries, the malt and water 
are introduced together into a machined mash tun, the initial heat of the mash being much higher 
than that required for the operation, so as to compensate for the loss of heat communicated to tlie 
mash tun. But it is preferable first to heat the mash tun with water, and then to introduce the 
malt, because the loss of heat in this instance only accrues from the malt admixed, and the opera- 
tion can be conducted with greater certainty. Another plan extensively adopted is, to moisten the 
malt to be mashed with water at a low temperature, in sufficient quantity to cause the malt to swell, 
and then to add the remainder of the water at an increased temperature, necessary to impart the 
proper temperature for the mashing. The water added is generally at the temperature of 88° to 90° 
(190° to 194° F.). Tills plan is stated to have two advantages : it lessens the tendency to set, and is 
very exhaustive of the extractive matter of the goods. It enables the diastase to act more freely 
upon the starch, because the larger part of the sugar is dissolved out during the first wetting, 
leaving the remaining constituents in a better condition for attack by the solution. With regard 
to this system, other authorities affirm that, because the diastase is very soluble, it is removed with 
the sugar and from direct action on the starch. Upon this consideration, as well as from others, the 
general defects of mashing as usually employed, in any system, have been summed up as follows : — 
Inefficient extraction, portions of the gluten and starch of the grain becoming a gelatinous mass, 
which prevents, by forming an impermeable coating, the remaining constituents from being 
attacked. The starch remains unconverted into glucose in consequence of too low a temperature 
being employed in the operation. 

Donovan gives the following temperatures for mashing : For well-dried pale malt, the first mash 
water should not exceed 77° (170° F.); the second, 82° (180° F.) ; and the third, 85° (185° F.) ; 
assuming the temperature of the atmosphere not to exceed 10° (50° F.). Sullivan states that under 
his experiments 100 parts of starch were transformed into 100 parts of sugar, but that this sugar 
was intermediate in molecular structure between grape sugar and starch, and he termed it 
maltase, as previously referred to. This sugar is white, soluble in water, but less soluble in 
alcohol than glucose. 

English mashing, which is an infusion process, differs from the Continental, and distinctly from 
the Bavarian process, since the latter is a method of decoction. With the_English process, the 
malt is first opened or cracked, and sometimes comes from the rollers not perfectly crushed ; on the 
Continent, the malt is more finely crushed. Formerly, the malt was allowed to fall into water that 
had been first placed in the mash tun, but iu present practice the malt is brought into contact 
with hot water, at a temperature determined by the circumstances of the particular situation and 
arrangement of the brewery. The English process depends chiefly in the use of water at a 
tolerably high temperature, and its characteristic is a high initial temperature. 

The English brewer seeks to avoid having too much albuminous matter in solution ; whilst the 
German brewer endeavours to render the albumen as soluble as possible, because he has to make a 
beer intended to be kept only for a short time. Iu parts of Germany and Belgium, the English 
system of employing a high initial temperature is adopted, but with some modifications. The mash 
first of all is given a temperature of 38° to 49° (100° to 120° F.), and sometimes os high as 
60° (140° F.). It is allowed to stand for a short time, and hot water is added to bring up the tem- 
peratme to about 65° to 71° (150° to 160° F.), the wort being run off after sufficient infusion. A 
higher temperature is sometimes employed, even boiling liquor being added in order to raise the 
mash to 77° (170° F.), when it is left to digest, untU iodine water or an alcohoho solution gives 
no blue reaction. The infusion process, general on the Continent, differs therefore in starting with 
a lower temperature, and in attaining a higher temperature by successive additions of hot water. 

As an example of the process of decoction, the old Bavarian method may be cited ; and this 
consists in boiling the wort along with the grains. The malt after it is properly ground is thrown 
into cold water, and is allowed to remain therein for from one to three hours ; after this, hot water is 
added to raise the temperature of the mash to 35° to 38° (95° to 100° F.). After standing a short 
time, the tap is opened, and grains, meal, iu fact the whole of the contents of the tun, run off into the 
boiler. This thick mash, termed “ dickmaisch,” is boiled vigorously for half an hour, and is then 
run back again into the mash tun, where it has a temperature of 49° to 52° (120° to 125° F.), and the 
infusion process is allowed to go on. A second thick mash is pumped up into the boiler, and boiled for 
half an hour ; it is then run into the mash tun, the temperature being raised in this manner to 63° 
(145° F.). After a little mashing, the contents of the tun are allowed to remain. The third mash, 
or “ lautermaisch,” is then run off, and is a tolerably clear mash unmixed with grains. This is 
boiled in a copper for about half an hour, when it is run into the mash tun, to raise the tempe- 
rature to 75° (165° F.). The contents of the tun are then tapped and sparged with cold water. 

In Belgium, where^alt and raw wheat are used together, the process is first conducted according 
to the English infusion method, a portion of the thick mash being pumped into the boiler and 
boiled. Although this boiling destroys the diastase, it thoroughly breaks up the integuments of 
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the malt, and in this way the starch is converted into a kind of starch paste ; when retnmed to the 
tun this paste meets with the diastase remaining unconverted, and then very rapidly undergoes 
change into dextrine and sugar. From the nature of the German process, the wort is rich in dextrine 
and poor in sugar ; consequently when fermented it yields less alcohol. 

Graham has experimented, for the purpose of answering the question, in what way can the 
practical brewer alter the ratio of dextrine to glucose ; to ascertain if it can be altered to any extent, 
and whether there is a limit to the action of the diastase on the starch. The experiments were 


confined to one malt, analysis of which gave — 


Water 7’51 

Glucose 5 '48 

Dextrine 8 ‘82 

Starch 48 "77 

Albuminous bodies, soluble .. .. 1'48 


Albuminous bodies (insoluble) .. 10 ’71 

Ash 2-50 

Woody fibre, empyreumatic products, 
and the like 14 '37 


Cold Aqueous Extract. 


15 minutes. 30 minutes. 

Glucose •• 

Dextrine 8'82 .. 9'65 

Alcoholic Extract. 

80 per cent. 50 per cent. 

Glucose I’OO 


When this malt was treated with water there was obtained, after a period of fifteen minutes, 
5 • 48 per cent, of sngar, and 8-82 per cent, of dextrine, or in an additional fifteen minutes, 17 ■ 14 of 
sugar and 9-65 of dextrine. An almost identical solution was obtained with 50 per cent, of alcohol, 
and from this fact it was concluded that the particular sample of malt contained an amount of sugar 
equal to OJ per cent. The next point ascertained was the amount of action taking place at different 
temperatures in a given time; and starting with cold water at 15° to 21° (60 to 70° F.) the liquor 
was raised to the temperature indicated in the following table, and continued for two hours : 



38° 

(100° F.) 

43° 

(110° F.) 

49° 

(120° F.) 

64° 

(130° F.) 

60° 

(140° FO 

Glucose, per cent 

Dextrine and starch 

24-19 

34-00 

30-00 

29-25 

1 

32-17 

27-33 

35-71 

24-11 

37 -.50 
26-70 


These results show that there is a gradual increase in the amount of sugar formed, and that at 
60° (140° F.) the process instead of being gradual, suddenly increases in intensity, yielding a much 
greater amount of extract. 

Graham also has tested the validity of the assertion as to the German process, varying in the 
range of temperature of 74° to 75° (165° to 167° F.), being the most favourable for the conversion 
of starch and dextrine into sugar. The mashing heat was started on the principle of a low initial 
temperature, raised up in the first hour to 38° (100° F.). It was then kept for two hours at a tem- 
perature of 60° to 63° (140° to 145° F.), and was finally raised to 74° or 75° (165° or 167° F.). The 


following table shows the results : — 

Two boars at Six hoars at 

74° to 76° (165° to 167° F.) 74° to 75° (165° to 167° F.) 

Weight of extract per cent 70-25 70 55 

DraflF „ .. 21-58 20 71 

Glucose 39-061 41-671 

>= Starch 62 -.52 ? Starch 62-51 

Dextrine „ .. -. 27-36) 25-Oo) 


These results show a considerably larger amount of extract than with cold water, very much 
higher even than in the English infusion process. By prolonging the period for the temperatures 
at a liigher stage, the German brewer is correct in his idea of getting a larger amount of sugar, and 
it remained to be seen, as an interesting experiment, what an extreme temperature of 79° (175° F.) 
would aflTect. A sample of malt was taken, and heated gradually, during sixty minutes, from the 
cold up to 77° (170° F.). It was then kept at that exceedingly high temperature for two hours, 
and the amount of sugar formed and extract obtained, are as in the following table : — 


( 1 ) ( 2 ) 

Weight of extract, per cent. .. 69-70 69-10 

Draff „ .. 23-51 3^-35 

Glucose ,. .. 32-10 32-05 

Dextrine ,, . . 30*29 30*60 
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GraLam considers that these experiments are conclusive as to the advantage of low initial tem- 
perature, and a high final temperature, and therefore experimented as to the best way to arrange 
the mashing temperatures. Malt was heated from the cold up to 29° (85° P.) for one hour, tlien 
from 29° to 60° (140° F.) for one. hour, when it was kept for three hours at 60°, and then boiled. 
In the second series of experiments the malt was raised during the first hour from the cold to 60°, 
when it was allowed to remain for two hours, and then raised very rapidly to 79°, when it was 
boiled. In the third experiment it was raised in the first hour to 60°, maintained during the second 
at that temperature, and in the third hour raised to 79°. 




(I) 


(2) 


(3) 


Weight of extract, per cent. 

. 71-50 

.. 

71-06 

.. 

69-00 


Draff 

»> 

,. 21-70 

.. 

22-35 


22-61 


Glucose 

5> • 

.. 41-661 

= Staich 

40-071 

= Starch 

35 72 1 

= Starch 

Dextrine 


. 25 - 09 ) 

62*59 

36 - 45 ) 

62-51 

28-65) 

■ 60-67 


The first two series give practically the same results, hut with rapid increase of temperature 
there was great reduction in the amount of extract, as well as in the ratio of the sugar to the 
dextrine. Graham considers these experiments to show that the more gradually the temperature 
is raised, the more complete is the extract, and the higher the sugar-forming ratio. 

In Graham’s experiments, the starch was broken up, not according to Musculus’ theory, but in 
the reverse ratio. There was a larger amount of sugar and a smaller increase of dextrine. 
Eeferring to the experiments on the English infusion process at 60°, 33 '5 per cent, of glucose 
is formed. As the temperature increases so the amount of sugar decreases, until at 77° the 
decrease is very great. ITiese experiments prove that the higher the initial temperature, the less 
active the diastase ; and the less extract in a given time, the less sugar is formed. By starting with 
a low initial temperature, and raising it in the course of an hour to the temperature indicated, main* 
taining that temperature for two hours, there is a gradual increment of sugar with a gradual incre- 
ment of total extract. 

Malt Infusion, Low Initial Temperature. 



38® 

43® 

49® 1 

64° 

1 60° 


(100° F.) 

(110° F.) 

(120® F.) 1 

(130° F.) 

1 (140° F.) 

Sugar 

24-79 

30 0 

1 1 

1 32*2 1 

■35-7 

37-5 

Dextiine 

34-00 

29-2 

27-3 

24*1 

1 

26-5 


From this table, it will be seen that at 60° the percentage of glucose has risen to 37'5 per cent., 
indicating that a low initial temperature is best for the solution of the diastase. But for a given 
time, the diastase, when dissolved, attacks the starch most vigorously at a temperature of about 60° 
to 63°; and whilst this temperature is advantageous for the rapid conversion of starch into sugar 
and dextrine, experimeuts have shown that the temperature of 74° to 75° was best for rapid con- 
version of dextrine into sugar. Graham makes the following deductions as to the practical bearings 
of these facts. 

Barley malt when well prepared contains an amount of albuminous substances, or diastase, pro- 
duced in the germination process, greater than is needed for the conversion of starch found in the 
malt. Time is an important element in the changes produced, and the longer the time at a low 
temperature, the more diastase is dissolved, and therefore in subsequent stages, the more starch 
converted and sugar formed. The action of the diastase initially, when the mass of the diastase 
is small compared with that of the starch, is to form dextrine into sugar in the ratio of 2 to 1. In 
malt, however, there is so large an amount of diastase, that even in a short digestion an amount of 
sugar is obtained greater than in this ratio. In the English infusion process with its initial tem- 
perature varying between 60° and 68° (155° F.), but generally no higher than 66° (150° F.), there 
is an equal ratio of glucose and dextrine ; and this has been determined from worts obtained from 
four large breweries in different parts of England. As the initial temperature was raised above 66°, 
the total extract decreased, as well as the ratio of sugar to dextrine ; and when the initial tem- 
perature was decreased below 66°, within certain limits, the total extract increased, as well as the 
ratio of sugar produced. The limits of these varying ratios cannot exceed two of dextrine to one of 
sug.ir, or two of .sugar to one of dextrine, and the ratios produced in any given time, in any particular 
mashing trial, depend on the varying conditions of the experiments ; upon the relative masses of 
starch and diastase ; upon the temperature ; and on the quantity of water. It has been well 
authenticated that frqjn 100 parts of starch not more than two-thirds can be obtained as sugar by 
the action of diastase; and this deficit is accounted for by Sullivan, who has proved the formation 
of maltase, as previously referred to. Maltese has a peculiar action on Fehling’s copper solution, 
by which this test solution represents only an amount of reduction equal to two-thirds of that which 
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would occur if 100 parts of glucose were taken. Maltase formed iu the mashing process, breaks up 
under the action of tlie potash and the copper solution into two parts of glucose and one of 
dextrine. In the ordinary mashing process, there occur, it would appear from this consideration, 
two parts of dextrine and one of sugar ; and as the process continues, the ratio becomes more 
nearly equal, and is reversed b}' the application of more heat and long-continued action, practically 
iliustrating the fact that the brewer may within certain limits vary the ratio of dexb'ine to sugar 
at will. 

In order to increase the ratio of the sugar, the brewer may start with a low initial temperature, 
and secure the solution of a large amount of the active principle of diastase. This solution 
obtained, tlie temperature of the mash may be raised to 60° to 65° (140° to 150° F.), either by 
adding hot piece liquor, or by steam driven under the false bottom of the mash tun, or by means 
of a heated coil, or by causing the wort to circulate through coils of pipes, delivering it finally 
to the top of the goods. After digestion for a certain period at this temperature, the mash should 
bo raised to 74° (165° F.), because at that temperature more sugar can be produced than at 63° 
(145° F.), and because the higher temperature gives the additional advantage of a high tap heat. 
Upon the present plan of high initial temperatures, the brewer can increase the ratio of sugar by 
simply adding it. Oane sugar may bo employed, and this can be converted into glucose by the 
action of the diastase, if added in the mash tun, or it can be converted partly into diastase by the 
action of the acids of the wort, by making the addition when the wort is boiled. If the cane sugar 
were to be added, without previous conversion, to the fermenting tun, it would require more yeast 
than glucose, because the yeast would have to do a greater amount of work, to broiik down the 
complex structure of the cane sugar to the more simple one of glucose. Cane sugars are dangerous, 
however, because they contain large amounts of albuminous substances likely to putrify, and it 
is preferabhe to convert the cane sugar into invert sugar. Invert sugar is the sugar produced by 
the action of acids on cane sugar, dextro-glucose, and Isevo-glucose. As glucose sugar can bo 
made, not only from cane sugar, but from starch, there is nothing to prevent the brewer preparing 
his own grape sugar from starch, by treating this with dilute sulphuric acid and afterwards 
destroying the acid by means of chalk. Although the process may leave about one-half per cent, 
of gypsum in the sugar, this is an advantage in the fermenting tun, rather than a disadvantage. 

A vaiiety of plans may be employed for increasing the quantity of dextrine. Dextrine when 
in large quantities, after the worts are fermented, gives what is termed roundness of flavour to the 
beer, and is therefore preferable for porter, stout, and the heavier class of ales. The dextrine of 
the wort may be increased by modifying the Bavarian method. Or the diastase may be rendered 
inert by infusing at 88° to 49° (100° to 120° F.), raising the temperature to 60° (140° F.), with 
tolerable rapidity, and when the infusion is complete at that temperature, again increasing to 79° 
(175° F.), allowing digestion to go on at that temperature. Another plan is to add unmalted 
grain, barley, or maize, but in this case the unmaltcd grain should be kiln-dried at a temperature 
of 100° to 110° (212° to 230° F.), in order to render the albuminous matters less soluble, to decom- 
pose them iu the presence of the moisture of the grain, to produce empyreumatic matters, and to 
obtain colouring products. Practically this treatment yields a malt not containing diastase. 

Having considered the theoretical principles of mashing, as well as having described the most 
approved processes, it may be advantageous to deal shortly with the latter, from a more practical 
point of view. The practical brewer should regard mashing as a triple, rather than a single 
process ; and should feel assured there is nothing to prevent the obtaining of good beer, when 
proper heats are taken. Like the extraction of the juices of meat in the making of soups, the 
extraction of the albumen from the malt depends upon the non-coagulation of the albumen at the 
commencement of the mashing. In the most approved practice, it is generally agreed that the 
heat of a pale beer mash, when all the malt and water are put in and finally mixed, ought to be 71° 
(160° F.). It is at this heat of the first mash that the best flavoured extract is produced, and the 
entirely chemical action of saccharification occurs. But this temperature must be gradually 
approached, because its sudden application would coagulate the albumen of the malt. The triple 
nature of the mashing process may be practically regarded as consisting in saturating, sacchari- 
fying, and extracting, to prevent setting or coagulation. 

The malt should be wetted at a heat that would give iu the mash' tun 64° to 66° (148° to 
1.52° F.), or several degrees below the best saccharifying point. When goods are thoroughly wet, 
water is applied at a higher suitable heat, with the internal rakes of the mash tun revolving, until 
the goods are at the temperature of saccharification ; after four or five hours’ continuance of the 
saccharifying heat, the temperature should be reduced to that at which the brew began. Mashing, 
as performed in Steel’s or other saturator, may commence at 64° for light, and 66° for heavy beers • 
this means mixing about 1^ barrel of water to the quarter of malt, and finishing with a firkin to 
a kilderkin, to a quarter, more of water at 87° to 90° (190° to 195° F.). The copper heats for the 
water employed will average about 77° (170° F.). 

A plentiful supply of cold water should adjoin the hot-water pipe, to secure regulatiug power. 
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When the mixture is in the mash tun in a saturated condition, the copper water, at 87° to 90° 
(190° to 195° F.), should be let in without delay, and the rakes kept going, until the goods are 
uniformly heated to 68° (156° F.). These heats are for perfect malt. For imperfect malt, or 
half barley, lower saturating heats may be used advantageously, but imperfect malts should never 
be used for fine beers, as neither a sufficient nor economical extract, nor good flavour can be 
obtained in the mash tun. The preceding observations refer to the first mash. 

The draining and extracting of the goods ought to proceed within two hours from the completion 
of the mashing operation. The mash should not be tapped through one cock, but should be 
drained through three or more, placed in the bottom of the mash tun. Draining should at first 
proceed slowly, until sufficient grains have settled around the cocks to act as a filter, which occurs 
in about twenty minutes. If the extract is to be completed by repeated mashings, the cocks, after 
the first mash is run off, should be closed, and the mash tun recharged with hot water, in such quantity 
as to make up the second mash of the brew, at a goods’ heat of about the same as the first mash. Tire 
first mash ought to lie about an hour, and when run off, the third mash, if required, should be made 
up for a temperature with the goods of 66° (150° F.), and this mash should lie for half or three - 
quarters of an hour only. The copper-water heats, and quantities of water required for these two 
after mashes are only to be obtained from actual experience with the particular plant. The 
second mash water will require to be about 79° (175° F.), and tbe third about 71° (165° F.), for 
mashes of ordinary quantities. This process gives roughly a three-mash brew. As it is difficult 
for the hrewer to calculate these quantities accurately, it is preferable to keep the mash waters 
short of the quantities required, and to sparge at the end, with tepid water, to make up the copper 
charge. Another plan approved of by many brewers, is to make two mashes of reasonable thickness, 
and sparge up the remainder of tlie charge. In this case the sparge water ought to be of such 
a temperature as would allow the heat of the goods to fall to 66° (150° F.). . 

In that known as the Edinburgh mode of mashing, all the water required is sparged on after 
the first mash. By this method, as soon as the taps have become fine, sparging is commenced, 
and tapping and sparging go on simultaneously until the extraction is complete. In working this 
system, the error is commonly made of putting on the sparging water too hot, even at a tempera- 
ture of 82° to 88° (180° to 190° F.). The first sparge heat should not exceed 77° (170° F.), and if 
the temperature of the mash exceeds 68° (156° F.), the sparge water may be at only 71° (160° F.). 
The tun covers should be removed whilst sparging is proceeding ; and water sliould not lie on the 
top of the goods whilst sparging, which always occurs if the mash has been too hot, or the sparge 
water added at too high a temperature. The water remains on the surface of the goods in conse- 
quence of coagulation having commenced, and the temperature of the sparge water should be at 
once lowered, and the taps closed for a short time. 'When the temperatures have been properly 
adjusted, the goods freely rise from the bottom of the mash tun and float, and ollow the extracting 
liquor to readily percolate. This is an important point, and tbe goods should be kept up at least 
6 inches from the bottom of the tun until the end of the sparging. As small brews must have the 
same time to extract as large brews, the runnings must of course be smaller in quantity ; and for 
this reason the sparge water must be hotter than with large brewings, where the running otf is 
performed so much more quickly. The small quantity of water falling from the sparger will cool 
more quickly than the larger quantity falling through the same space. 

After a mash has been maintained with the sparger at the temperature of 68° (156° F.) for 
about two and a half hours, the heat of the water should be suddenly lowered 12° or 15°, so as to 
reduce the action of heat upon the goods to 66° (150° F.) towards the end of the siJarging and 
running. In making strong beer, the necessity for strength will have required the running to have 
been stopped within two and a half hours, before the reduction of temperature, so that the effect 
of this reduction will be felt on the afterwort only, which may be table beer. If it is required to 
pump the tail ends of one mash over for the sparge liquor of another, all that is necessary to 
ensure success is that the tail goods come off one mash at 63° to 66° (115° to 150° F.), and are re- 
heated by a steam coU, attached to the pump, to the necessary sparge heat of 77° (170° F.), or that 
producing 68° (156° F.) in the mash. 

Tap heats afford no safe guide to the brewer, for the almost obvious reason that these do not 
truly represent the temperature of the mash. 

In the best practice in porter brewing, the temperatures of the mash do not differ much from 
those given for ale. Saturation should take place at about 1° lower, the temperature for the mash 
being ultimately the same as for beer, or 68°. The peculiarly dry, sub-acid flavour, common to Irish 
porters, is the result of too great range of mash heats, by beginning at too low and finishing at 
too high a temperatm’e, thus twice submitting the mash to the chances of acidity. Porter is best 
made from malt twePthirds of which is well-dried pale, and the remainder high amber and black. 
Boasted malt should be used to the extent of 1 bushel to every 5 or 6 barrels of finished beer. 
Brown or blown malts are a mere waste of grain, will not keep, and yield little extract. The 
roasted malt is generally put into the mash tun amongst the other malts, but sometimes it is put 
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into the wort copper and boiled with the hop. An alternative method of great profit to the 
brewer on the large scale, is to mash the roasted malt by itself in a small tun fitted with a rake 
and false bottom, and an inner perforated concentric diaphragm through which to drain off the 
black extract. Tlio washing out is performed with the extract from the large mash tun. 

Before proceeding to the description of the apparatus used in mashing, it n ill be convenient 
to describe the operation of sparging, as the mechanism employed in both cases can tlien be 
classed, as they are used, together. Sparging is the process of extracting the remaining wort, 
which adheres to the insoluble draff or grains. The sparging is carried out by means of hot water, 
and if the wort has been run off at a temperature of about 63° to 66° (145° to 150° F.), the sparging 
liquid, ns has been stated, should not bo used above 77° (170° P.). This process goes on in 
different breweries to different extents, sometimes it is carried to such an extent that the wort 
obtained is excessively weak, containing only some 4 to 6 lb. a barrel. This is not usedt a once for 
the production of beer, as a rule ; it is not mixed with the previous wort, but is pumped up into 
the copper and there used for the subsequent wort. This return wort, as it is called, is exceedingly 
liable to undergo decomposition, by which acidity, mainly due to lactic acid, but probably to other 
acids as well, is produced. In order to prevent the return wort from becoming acid, it is found 
convenient to keep it at a temperature of at least 88° (190° F.), and from time to time to add a 
little bisulphite of lime. Throughout the whole of the period, whether during the night or 
during the day, until the next time of use, the return wort must be kept at least as high ,as SS°, 
for if allowed to fall to 66°, acidification is very liable to set in. The wort resulting contains not 
only sugar and dextrine, but also an amount of albuminous matter; this amount depends upon two 
or three conditions, and chiefly upon the nature of the barley originally employed. For instance, 
if the barley came from the North of England or Scotland, or if it had been growing on heavy 
land, it wovdd contain much more albuminous matter, than barley grown on a light warm soil. 
And brewers occasionally make an error in judging of the strength of the wort, by merely 
depending on the use of the sacoharometer, because the soluble albuminous matter sustains flota- 
tion of the instrument as well as sugar and dextrine. The amount of albuminous matter in the 
wort also depends on the previous malting process; lastly, it depends on the nature of the water 
employed. 

The process of mashing having been described, the apparatus employed must be considered. A 
mash tun in its simplest form is a vessel of convenient size and shape, in which the mult and water 
can be mixed together, and from which the wort can be drained oflf. Mash tuns are usually made 
of wood, hut cast-iron tuns are rapidly extending in use. A mash tun should have a capacity of 
from three to four barrels of malt, at least. Cast-iron mash tuns are constructed in segments bolted 
together, the connecting flanges being planed and traly fitted, or rust-joints being used. The 
bottoms of such tuns are usually formed of segments around a central casting, having as many sides 
as there are segments. It is necessary to case these metallic tuns in order to prevent too rapid 
radiation of heat ; and the smaller the mash tun, the greater is the necessity for this protection, 
because the area of exposed surface is in greater proportion to the contents than with tuns of more 
considerable capacity. To enable the worts to be drained from the goods, mash tuns are made 
with perforated false bottoms, placed at a short space above the bottoms of the tuns. These false 
bottoms are made of wood, of cast iron, galvanized sheet iron, or of copper. When wooden false 
bottoms are used, the holes in them should be burnt, not bored, so that they may not be liable to 
close up by the swelling of the wood when damp, and they should be well countersunk on the 
under side. The cast-iron false bottoms are also countersunk on the under side, the countersinks 
being cast in the plate, whilst the holes are drilled or punched. 

The removal of the woits is effected at four or more points independently, so that in the event 
of the wort drawn from one portion of the tun not being clear, the tap communicating with it can 
be shut off. Another plan for attaining this end, is by an arrangement of mash-tun bottom, of which 
Fig. 302 is a section. The peculiarity in this form of mash-tun bottom is that the wort is drawn 
off from a number of points, at one and the same time, through a series of radiating tubes, H, of 
various lengths. The pipes H communicate with a central chamber, fitted with a removable top. 
The apace below the false bottom with which the pipes H communicate is divided into compart- 
ments by the .strips D, on which the false bottom rests, and the whole apparatus is constructed so 
that it can be readily removed from the mash tun for cleansing purposes. The pipes P and I serve 
for the removal of the wort, regulated by the cocks J. 

Mash-tun covers vary greatly in construction and eflicieucy, and in some instances, as in the case 
of the mash tuns used for porter brewing at the City of London Brewery, they are dispensed with ; 
^s, however, is an objectionable practice, particularly in the case of large mash tuns. The simplest 
form of cover IS a plum wooden disc, fixed a short distance above the mash tun; the space between 

^e disc and the tun itself being closed by sacking whilst the mash is being made. Mash-tun covers 

flat breweries. At Mann, Grossman, and Paulin’s brewery 

Vooden covers are tisedj but are suspended so that they can be lowered to the ma&h tuns. 
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Another form of wooden mash tun cover is adopted in AUsopp’s brewery. In this instance tlie 
mash tuns are covered by a permanent wooden roof, carried by a framework extending above the 
sides of the mash tun, and this frame is fitted with sliding shutters. Another plan is to foim the 
cover of Wooden segments of convenient size, applicable to mash tuns of moderate dimensions. At 

302 . 



Hoare’s brewery there is a very large cast-iron mash tun, capable of mashing 190 qrs., fitted with 
a dome-shaped cast-iron cover ; the central portion is fixed whilst the curved rim is formed of a 
number of flaps hinged to the centre. At Truman’s brewery, the covers are formed of sheet copper, 
stiffened by brass ribs of T section. Each cover is in two parts, the centra] pari^ carried by 
suspension rods at a fixed height above the tun, and the enter part, hung from chains which pass 
over pulleys, and provided with balance weights, so that this part of the cover can be raised and 
lowered. Tlie junction between the two parts of each cover is formed with a projecting flange, 
which boars upon a ring of indiarubber carried by a corresponding flange on the central part of the 
cover. 

Before the introduction of machinery, the malt and liquor were mixed in the mash tun with oars, 
or wooden stirring-rods, and this method is still adopted in very small breweries. Where larger 
mash tuns are employed, such a method of mashing would not only Ire too laborious, but would 
produce most unsatisfactory results. The appliances most desirable for mashing are those best 
eftecting the thorough mixing of the hull and flour of the crushed malt with the liquor, and leaving 
the goods in a porous condition, so as to be readily penetrated by any further amount of liquor. 
One of the earliest mashing machines, still in use in many old breweries, consists of a radial frame, 
which travels round in the mash tun. This frame has two horizontal shafts, one above and slightly 
in advance of the other. Each shaft carries a number of chain wheels, and over these work chains 
fitted with transverse teeth or rakes. As the shafts revolve, the teeth on the chains are drawn up 
through the goods, all parts of the latter being successively acted on as the frame carrying the 
shafts travels round the tun. At Barclay’s, all the mash tuns but one are fitted with chain rakes 
of this kind, and they are also in use at Reid’s and other London breweries. At Bareday’s, the 
chains are now made of malleable cast iron. At Reid’s, where there are four mash tuns, each 
capable of mashing 1(10 qrs., the mashing machine in each tun is double, or instead of the frame 
carrying the chain wheel shafts being merely a radius of the tun, it extends across the whole 
diameter. By this arrangement the goods are turned over twice during each revolution made 
by the frame, and the mixing is thus effected more quickly. In slow gear, the frame makes a 
complete revolution in fifteen minutes, whilst in quick gear it completes the circuit in ten minutes, 
the speed being equivalent to one revolution in five minutes with a single machine. In Reid’s 
machines, the rake chains are of wrought iron throughout. 

An improvement on the chain rakes is the so-called porcupine machinery, which has perhaps 
been more extensively adopted than any other form of mashing apparatus. Tliis mashing apparatus 
consists of a series of rakes carried by curved arms fixed to a pair of horizontal shafts, placed one 
above the other ; the rakes being arranged so that as the shafts revolve they pass each other, and 
thoroughly turn over the goods in the mash tun. The inner ends of the horizontal shafts are 
carried by plummer blocks attached to brackets, which encircle the central vertical or driving 
shaft, the lower end of which rests upon a suitable bearing at the bottom of the mash tun. The 
outer ends of the rake shafts rest in bearings carried by a kind of frame, w hich is connected by tie 
bars with the brackets encircling the central shaft, and supported by a pair of rollers bearing on the 
rim of the mash tun. «Each shaft carries a sliding clutch for connecting it to its pinion, and these 
clutches are both worked by one lever, so that they cannot be engaged simultaneously. One of the 
pinion shafts extends inwards towards the centre of the mash tun, and at its inner end carries a 
bevel wheel, which gears into a bevel pinion on the central shaft, this pinion being about one-third 
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the size of the wheel. The rake shafts also carry bevel wheels, which gear into equal sized-wheels 
on the vertical shaft, the pairs of wheels being arranged so that the two rake shafts are both caused 
to revolve in the same direction. From the vertical shaft, motion is communicated to the rake shafts, 
and a slower motion to one of the shafts carrying a pinion gearing into the circular rack. From 
this shaft a still lower motion is communicated to the other shaft. When one of the rack pinions is 
thrown into gear with its shaft by means of its clutch, the whole apparatus will be made to travel 
slowly round the mash tun, and the rakes will be brought to bear upon the whole of the goods. 
The direction of motion of the apparatus, and the speed at which it is caused to travel, will depend 
upon which pinion is thrown into gear. This arrangement of travelling gear is similar to that 
adopted with chain rakes. The mashing apparatus here described has been very largely adopted ; 
it is in some breweries used alone, and in others with a separate mashing machine, such as Steel’s. 
In most cases the arms and teeth are of wrought iron, but the teeth are sometimes of wood, and 
occasionally both the teeth and arms are wood. At the City of London Brewery, where mashing 
machines of this kind are in use, the central shafts are fitted with teeth, which act upon the central 
portion of the goods not touched by the revolving rakes ; and at Charrington’s brewery, where 
there are three mash tuns 18 ft. in diameter, and capable of mashing 100 qrs. each, these porcupine 
machines are also used, the rake shaft being made to extend across the diameter of the tuns. 
Another arrangement for stirring the goods within the tun, consists of a central shaft carrying 
two curved arms, which work close to the false bottom of the mash tun, and act upon the lower 
portion of the goods only. The mixing of the malt and water is effected by a Steel’s masher before 
the goods enter the tun. 

Brewers are now of opinion that it is better to effect the mixture of the malt and liquor in detail 
as these enter the mash tun, tlian to deal with the goods in a mass. Separate mashing machines 
have consequently been adopted. The masher designed by Steel, of Glasgow, has probably been 
more extensively used than any other. This masher is of exceedingly simple construction. It 
consists merely of a cylindrical casing, within which revolves a shaft provided with a number of 
radial arms. The casing is open at one end and closed at the other, tlie shaft passing through 
a stufflng-box at this closed end, and provided outside with fast and loose belt pulleys. The grist 
and liqnor are admitted to the casing by branches at the closed end, and as they pass through to 
be delivered into the mash tun from the open end of the casing, they are thoroughly mixed 
together by the action of the arms on the revolving shaft. The branch through which the malt 
enters is fitted with a regulating slide, and both the main casing and branch are fitted with hand 
holes which give access for cleaning. The water branch communicates with the side of the casing, 
and is fitted with a cock. In some mashers, there is no slide for regulating the supply of the 
malt, the latter being received direct from a small hopper placed below the malt mill. The casing 
of the masher, instead of being cylindrical, tapers slightly in its diameter, being reduced towards 
the end from which goods are delivered into the mash tun ; and to further delay the progress of 
the mash through the machine, the central shaft is fitted at intervals with flat arms, or oars, in 
addition to the usual circular arms. The liquor is delivered into the casing from the branch 
through two openings opposite each other, these openings communicating with a passage cast 
around the branch. Arrangements are made for admitting either hot or cold water through the 
openings. The central shaft of the masher is driven by bevel gearing. 

In numerous breweries. Steel’s mashers are used alone, and the whole of the mashing is effected 
by them ; in other cases they are used in combination with larger mashing apparatus placed in the 
mash tun. Where separate mashers are alone employed, it is the practice to make but one mash, 
and to sparge the remainder of the length of liquor; where mashing appliances are provided 
within the tun, a series of mashes may be made, the goods being turned over during each mash. 
To ensure a steady supply of malt to the mashing machine, and to prevent balling, a malt 
feeder has been designed. This feeder is placed between the grist shoot and the mashing 
machine. It consists of a casing containing a drum, which has an oscillating motion imparted to 
it by an eccentric fixed on the central shaft of the mashing machine. On each side of the oscillat- 
ing drum are flaps, the position of which regulates the quantity of malt passing through ; the 
drum, as it oscillates, leaving an opening between it and each flap alternately. Fig. 303 
illustrates Steel’s masher as arranged for pale and black malt mashing combined. F is 
the ground-malt hopper ; E, the outer masher or saturator ; D, the mash tun, with its revolving 
rakes arranged as previously described ; B, the pipe conveying the wort from the mash tun 
through the infuser; H, the black malt infuser and rakes; o the pipe from the infuser to the 
copper, where porter is being made. When the large mash tun D is charged with pale and brown 
malts, the proportion of black malt required for the brew is mixed with water in the small mash 
tun H, termed the infuser, at a temperature equal to that of the goods in if. The infusion of the 
black malt depends on the time of infusion of the other malts ; when these are infused sufficiently, 
and ready to be run OB’, the tap in the pipe C is opened as well as that in the pipe communicating 
between D and H. The half-pale extract from the large tun D is used to dissolve, absorb, and 
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carry off the colouring matter from the black malt in H. This plan has been found economical 
and certain, as it gives all the colour that can be obtained by mixing the pale, brown, and black 
malts together, in addition to the quantity lost in dyeing the grains. The pale and brown grains 
becoming whiter by this mashing, are worth more in the market. The only uncertainty that can 
arise is from the wort losing heat, and this can be prevented by steam jacketing the pale and brown 
wort pipes. 

303 . 



Another masher (Fig. 304) designed by Sorrell, and extensively used, consists of a casting 
forming three cylindrical chambers connected by intermediate passages, about 8 in. in length. 
Each chamber is fitted with a shaft, carrying a number of pins. These pins extend across the 
chamber, and are arranged so that all parts of the chamber are subject to their action. The three 
shafts each carry a bevel wheel at one end, gearing into three level wheels on a longitudinal shaft, 
carried by brackets on one side of the machine. The bevel wheels are arranged so that the 
shaft in the central chamber is driven in the opposite direction to that of the other two. The shafts 



are driven at a speed of about 200 revolutions a minute. The first chamber, to the left in the 
figure, is constructed with a vertical neck, which is attached to the ground-malt hopper or grist 
case : and in the neck there is a feed-roll, B, which regulates the supply of malt to the masher. 
The feed-roll is driven by a belt from a pulley on the stirring-shaft passing through the first 
chamber. Below theleed-roll there is fixed to the outside of the neck the water-box C ; this box 
is supplied with liquor from the copper, and communicates with the interior of the machine through 
holes in the casting. Another water-box, H, is also fixed on the neck between the second and third 
chambers to receive water of a higher temperature. 
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The operation of working this masher is as follows The cock communicating with the water- 
box C having been opened, and a supply of liquor at the temperature of 76° (168° F.), admitted, the 
motion is communicated to the shafts, when the malt, as it falls from the feed-roll, is met by liquor 
entering through the holes in the casting. Any liquor not absorbed by the falling malt is received 
in the first chamber, where it is thoroughly mixed with the partially wetted malt by the action of 
the pins on the agitating shaft. From the first, the partially formed mash is passed on to the 
second chamber, traversing on its way the intermediate neck. These intermediate necks are an 
important feature in the machine, as the malt during its passage has time to absorb the liquor 
In the second chamber, the masliing process is repeated, and the mash is then passed on tl)rough 
the neck between the central and third chambers, where it is met by a second quantity of liquor 
admitted through a number of holes communicating with the water-box H. This second supply 
of liquor is at a higher temperature than the first, the malt having been prepared, by the stiff 
mashing it has already undergone, to receive a higher heat. The mixture of the second supply of 
liquor with the malt is completed in the third chamber, and from this the mash is delivered into 
the mash tun, where it remains from one and a half to two hours. Sparging can then be com- 
menced, and continued until the required length has been run over. 

Another mashing machine, designed by K. Wilson, of Alloa, differs from those described in 
being self-acting. It is driven not by power externally applied, 
but by the action of the malt and water. This masher. Fig. 305, 
is attached by the flange N to the spout leading from the grist-case, 
and the admission of the ground malt is regulated by the valve G, 
the spindle of which carries a lever handle fitted to a catch. The 
malt, as it falls, has to pass through a thin sheet of hot liquor 
which issues from the pipe E, the opening of this pipe being 
fitted with a sluice F, by which the quantity of liquor admitted 
can be regulated. Passing on, the malt and liquor fall into the 
buckets of the breaker wheel D, and cause the latter to revolve 
at a high speed. The buckets of the breaker wheel are of V form, 
and by their action and that of knives between which they work> 
the mash is mixed us it passes to the lower part of the machine. 

The spindle of the breaker wheel passes through the sides of the 
machine, and carries at one end the fly-wheel, which tends to 
equalize the motion, and also serves as a hand-wheel when neces- 
sary. The mash is delivered into the mash tun through the 
nozzle P, this nozzle being fitted with a serrated balance plate H, 
hinged at its upper side, and working over the discharging mash, 
levelling it, and preventing it from splashing into the mash tun. 

It is desirable to have the contents of a mash tun at all times completely under control, and 
several arrangements are employed for this purpose. Beneath the false bottom of the mash tun 
there is sometimes placed a pipe, coiled spirally. Into this pipe, steam can be admitted and 
the temperature of the mash increased, the action of an arm working above the false bottom 
tending to some extent to equalize the temperature in the different parts of the tun. This arrange- 
ment is simple, but it is scarcely applicable for ordinary use, as the increase of temperature is not 
sufficiently uniform in all parts of the mash. 

A more suitable apparatus for controlling the heat of the mash is the mash tun attemperator, 
designed by J. Crockfoid. The attemperator. Fig. 306, is shown as fixed to a wooden mash-tun 
with sliding doors and fixed roof, as used in the Burton breweries. It consists of a circular cistern, 
fixed on the top of the mash tuu, and containing a coiled steam pipe. When it is desired to raise 
the temperature of the mash, the wort is drawn from the tuu by the pipe A, and the centrifut^al 
pump B is set in action, the wort being raised into the attemperator througli the pipe C. There it 
is heated by the action of the steam in the coiled pipes, and is then led down through the pipe E 
to the central vessel of the sparger J, which distributes it over the gootls. The pipe 0 conducts 
the wort to the bottom of the attemperator, whilst the pipe E draws off the wort from near the 
surface, where it has greatest heat. The central pipe in the attemperator is for admitting the 
ordinary supply of hot liquor to the sparger. So long as the pump B is in action, a constant current 
IS maintained through the goods, the wort being drawn off at the bottom, heated, and again spar<red 
on the top continuously. By the use of the attemperator, the temperature of the mash can°be 
maintained for any period; and in the case of small brewings, where the loss of heat from radiation 
IS proportionately very great, the apparatus is particularly valuable. 

It is the custom to complete the length, or total quantity, of a brewing by distributing over the 
goods the required amount of liquor by the aid of a sparger. A sparger in its usual form consists 
ot two or more tubular radial arms, perforated on one side, and leading from a central cistern. 
These arms are monnted to revolve freely over the goods in the mash tun. In some cases, the 
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cistern rests upon a point, and in others it is carried by friction wheels. 'When the mash tun contains 
mashing apparatus driven from the central shaft, the cistern of the sparger is made annular to 
surround the shaft. The shaft carries a disc, on which run the friction wheels of the sparger ; in 
many instances the bevel wheel on the shaft serves as brace for the friction wheel. The cistern is 
in most cases open at the top, the liquor being delivered into it by a pipe conveniently placed ; but 

306 . 



in some instances the vessel is connected to the supply pipe by a joint, so that the water may be 
delivered under pressure, the joint being formed so as not to interfere with the reaction of the sparger. 
Spargers are chiefly driven by reaction, the water issuing from the perforations of the arms, im- 
parting motion to them on the principle of Barker’s mill. But spargers are sometimes driven 
from tjie shafting by a light belt or cord, with the object of ensuring regularity of motion, and con- 
sequently equal distribution of the liquor over all parts of the goods ; but if a self-acting sparger is 
well constructed, the irregularity of its motion must be extremely small. 

A point of far more importance than any slight irregularity of motion is the proper distribution 
of the holes in the arms of a sparger. In order that the liquor may be equally distributed over all 
parts of the goods, it is necessary that the quantities of water delivered from different points in the 
arms should be in exact proportion to the areas swept over by those points. If the first hole in the 
arm of a sparger is 6 iu. from the centre, and the last hole distant 6 ft. from the same point, 
the latter hole will, as the sparger revolves, cover a circle twelve times as great as tlie former, and 
in order that the goods passed over by the two holes should be equally wetted, the delivery of water 
from the outer hole should be twelve times that from the inner. The required increase in the 
delivery from the outer ends of the arms may be obtained either by increasing the size of the holes, 
or by placing them nearer together as they are farther from the centre, or by combining these two 
methods. The sparger arms are sometimes straight and sometimes curved, the object of the curving 
being to cause tlie water to tend outwards in radial lines. The curvature to be given depends upon 
the speed at which the sparger revolves and the rate of flow. If the arms be formed of tubes of the 
same diameter tliroughout, the flow will be most rapid near the centre, the rate of flow at any point 
being approximately proportionate to the area of the discharging holes beyond that point. The beot 
practice is to taper the arms gradually outwards, observing that the sectional area at any given point 
is at least equal to the combined area of the discharging holes beyond that point. If the taper of 
the arms be propeily proportioned, the rate of flow will be constant at all points. Whether the 
arms are curved or straight will then make but little practical difference, so long as the sparger 
revolves at the usual moderate speed. 

The next apparatusin the order of use is the underback, which receives the wort from the mash 
tun. In some breweries, the wort is run direct into the coppers. The underback is a necessity where 
the coppers are situate at a higher level ttfan the mash tuns. Underbacks are of various shapes and 
materials, chiefly wood, and rectangular. A circular form is better, as it is more easily kept clean. 
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When cast iron is used it should be lagged with felt and wood, unless the wort can be very rapidly 
raised into the coppers, or unless the underback is fitted with steam pipes, so that the temperature 
of the wort may be maintained. 

The underback should be situate so that the taps through which the wort is discharged are in 
full view. In drawing off the wort, the taps are at first partially opened, being more fully opened 
when the wort runs off clear. The wort is generally drawn from four or more points in each mash 
tun, and in the event of any tap not delivering clear wort, it is shut off for a time. The appearance 
of the wort will vary according to the kind of malt used. The wort drawn from the first mash 
should closely resemble in colour the mixture of malt used, and it should have a close and tough, 
silvery white head, changing to a delicate cream colour. The temperature or tap-heat at which the 
wort is drawn varies according to the nature of the malt used ; but it is about 62° to 63° (144° to 
146° F.). If the heat of the mash be too high, the head on the wort will have a brown tinge ; and 
if too low, the head will be deficient in closeness and firmness, and the wort will not be bright or 
well flavoured. Wort of this kind is particularly liable to acetification, and it should be exposed to 
the air as little as possible. Wort of any kind is not benefited by exposure at this stage, and 
should never be allowed to remain in the underback longer than is necessary. 

When the wort has been drained into the underback, the mash tun is cleared of the waste malt 
or grains. This is ordinarily done by men with wooden shovels, but involves waste of labour in 
large and deep tuns. A better method is to provide the tuns with openings in the side near the 
bottom, communicating with shoots. The wort when drawn from the mash tun is composed of 
water, glucose or saccharum, and gum or mucilage, together with small proportions of starch, gluten, 
and albumen. During the early part of the process of boiling, di.istase effects the conversion of the 
starch into sugar, dextrine, and gum ; and as the boiling goes on, the wort is concentrated, and a 
certain proportion of the albuminous matter present is deposited in a flocculent form. The Imps 
are added to the worts at this stage. 

Boiling . — The time during which the boiling must be continued will depend upon several cir- 
cumstances. such as the evaporative power of the copper and fhs amount to which the wort has to 
be concentrated. Generally the proportion evaporated during the boiling is about one-seventh ; and 
there is a further loss by evaporation as the wort cools down from the boiling point. In 
determining the duration of the boiling, the time required to obtain the necessary extract from 
the hops has to be considered. The stronger the hops, the longer boiling they require to obtain 
the full extract. 

The quantity of hops added to the wort depends upon the quality of the beer being brewed 
and the time it is intended to be kept. The measured quantity of hops is sometimes merely thrown 
into the copper, and stirred into the wort ; sometimes the hops are picked out and strewn on the 
surface, where they are allowed to remain for some time before being stirred in. The object of 
surface treatment is to allow the hops to be permeated by the rising steam, thus opening the pores 
before immersion in the wort. When boiling takes place in an open copper, the layer of hops on 
the surface of the worts prevents contact with the atmosphere. In many breweries, where two or 
three mashes are made, the hops, after boiling with the wort from the first mash, are discharged 
with it to the hop-back, and are returned into the copper to be boiled with the second wort, and so 
on. This is the general practice at the London breweries, and iu some the hop-backs are fitted 
with elevators, by which the hops can be transferred to the coppers. At Charrington’s, a long 
Archimedean screw, similar to those used for transporting malt or grist, placed at an ann-le of 
about 30°, is used for raising the hops from one of the hop-backs to the copper. When hops are 
treated in this way, the moisture finally retained in them, which, unless the hops are allowed 
ample time for drainage, will amount to one barrel for every 60 lb. of hops, is only of the stren"-th 
of the wort with which they were last heated, and is of comparatively little value. Another plan 
is to discharge the hops from the copper with the first wort, and allow them to remain in the hop- 
back, the succeeding worts being merely poured over. This plan effects a gradual weakening of 
the liquor retained by the hops. Another method of preventing loss by the retention of wort, is to 
subject the wort to pressure. At Salt’s brewery at Burton the practice is, with the best pale 
ales, to boil the hops with only the first wort. After discharge from the copper with the wort 
they are removed from the hop-back and pressed, and are then available for another brewing. The 
hops are sometimes boiled with the first and second worts, and are then pressed, so as to thoroughly 
remove any wort held by them. At AIlsopp’s, Bass’s, Salt's, and other large breweries, hop presses, 
worked by hydraulic power, are used, whilst in smaller establishments screw presses are employed. 
At Younger’s brewery at Edinburgh, the wort is expelled from the hops in centrifugal drving 
machines. 

Extended series of experiments on heating by tubes containing steam hare been made, and very 
various results have been obtained by the several authorities. It will be sufficient for general 
purposes to be enabled to calculate the amount of surface necessary to boil or to evaporate one 
barrel of water in one hour by means of steam pipes, and as well to furnish similar data for steam- 
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heated boilers with double bottoms. The steam may be assumed as at 30 lb. pressure a square iucb 
above atmospheric pressure. 

A barrel of water weighs 360 lb., and to increase its temperature from 52^ to 212° F., or 160°, 
it is necessary to impart 360 x 160 = 57,600 thermal units. As the latent heat of steam at 
atmospheric pressure is 966° '6, additional heat amounting to 360 X 966° '6 = 317 '976 thermal 
units is necessary to convert a barrel of water into steam; or a total of 405,576 thermal units is 
required to evaporate one barrel of water from an initial temperature of 52° F. 

Proceeding in this way, it has been calculated that the areas of steam-heated surface required 
to raise one barrel of water an hour from an initial temperature of 52° F. to the boiling point, is for 


Sq. ft. 


Copper steam-pipes IJ 

Iron 3 


Sq. ft. 

Copper with double bottom . . . . 2 

Cast-iron boiler with double bottom . . 4 J 


The areas of steam-heated surface required to 
initial temperature of 100° (21 i° F.) are : — 

Sq. ft. I 


Copper steam-pipes 24i 

Iron 40 


evaporate one barrel of water an hour from an 

Sq. ft 

Copper with double bottom . . , . 30 

Cast-iron boiler with double bottom . . 73^ 


The same data for 100 gallons are ; — 


To boil . 


Copper steam-pipes 4 J sq. ft. 

Iron 8 ,, 


Copper with double bottom .. .. 5 „ 

Cast-iron boiler with double bottom 12b 


To evaporate. 
.. 67J sq. ft. 


Ill 

82 

203 


99 

99 

99 


Graham is of opinion that unboiled wort, after fermentation, no matter how vigorous the yeast 
may have grown, never produces sound ales. Worts therefore must be boiled, and the action 
prolonged, so that the albuminous substances may be broken down in complexity, their activity 
destroyed, and at the same time colouring matters produced as in malting. In the boiling process, 
if there should have been, by chance, any insoluble starch carried over with the wort, it will be 
converted into soluble starch, but not into dextrine, for soluble starch is not converted into dextrine 
by the action of boiling. If any insoluble starch is run into the copper, that starch will be found 
throughout the subsequent stages. Dextrine in the boiling process is not converted into sugar, 
although some brewers hold that opinion. 

According to the present theory of brewing, boiling may be considered a necessity. Some 
theorists assert that it is not required, but no practical progress has been made in evidence of good 
results arising from omission of this part of the brewing process. By boiling, two results accrue, 
the elimination of a large quantity of albumen from the beer, which is completed after about 
twenty minutes from the commencement of boiling, and the absorption by the beer of the bitter 
principle of the hop. But for neither of these results is ebullition necessary, as both may be 
attained by exposure of the wort to certain high temperatures. With low-dried malts, heat below 
the boiling point of water will precipitate the albumen of the malt, and a temperature either higher 
or lower will abstract the better principle of the hop, with, however, slight differences of flavour, 
resulting from different temperatures. Boiling is practically necessary as a means of evaporation. 
A copper. can easily be made to evaporate 15 per cent, of the water from the beer while the 
albumen and hop are under treatment, allowing of an equivalent of water being used in the mash 
tun to extract the malt. Coagulation of the albumen by boiling may be seen, when a sample of 
the wort is taken in a glass ; where the malt is low-dried and unsafe, the flakes are large, but 
when the malt is new and has been well dried the flakes are small. The precipitation is less from 
the second and third boilings of the mash tun, than from the first; but notwithstanding this 
fact, it is the practice to boil the lighter mashes longer, for what purpose there does not appear 
snfiScient reason to show, except that the first portion of the mash cannot be boiled long unless it is 
a very light brew, while the after portion may be boiled for evaporation as long as the brewer may 
desire. Boiling is continued for about two hours for the general class of beer. For exjport beer, 
where a great quantity of hop has to be boiled down in a single copper, three hours are sometimes 
allowed. Heavy beer will require only one to one and a half hour, as the greater density of the 
wort is the cause of considerable increase of temperature in the copper. If heavy beers are boiled 
too long, the pale wort becomes brown, and a flavour similar to that of porter is given to the beer. 
Coagulation, and the discolouring of strong worts, occur in comparatively shallow depths, say 
about 4 ft. in some coppers, so that coppers should be made wider for strong beers than for light 
beers. The boiling ol^heavy beers should always be followed by the boiling of light beer, in order 
to work out the mash-tun products, and utilize the lialf-extracted bitter of the hop, as well as to 
recover the strong wort absorbed by the hop in the boiling of the heavy beers. The method of 
working with repeated boilings and returning the contents of the copper is highly economical, 
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and is generally pursued in the porter trade, where three boilings and returns of hop are common. 
Double boilings of hop are, however, supposed to be the safe limit in beer brewing, and many large 
brewers will not exceed one boiling with the hop, but disperse the quantity boiled over the malt, 
amongst the boilings of the mash extracts from which the worts have been taken. In this case, the 
hop is sent to be pressed to obtain the final amount of extract. It is the opinion of some brewers, 
who have had large practice, that reboiling of the hop afibrds great economy in brewing, and is 
perfectly safe when exposure to air is prevented. Most of those who have failed in trials of 
reboiling have worked with high final temperatures, technically termed high tail heats, which 
have given unsound products in the mash tun, and these, acting on the hop in the copper, extract 
from it an astringent principle imparting a bad flavour to the beer. 

For the production of a fine beer, more depends upon boiling than brewers generally admit. 
There is more that should be considered than mere ebullition or mere attainment of 100° ; the 
influence of barometric pressure, shape of the copper, whether it is closed or open, are of great 
importance, but have not received that attention which experiment has shown them to merit. The 
peculiar flavour of London porter is undoubtedly due to the particular method of boiling, and to the 
use of large boUing coppers. A column of water 2 ft 3 in. high, gives a pressure of 1 lb. a square 
inch, and a temperature difierenee at the two extremities of about 1°, when heated as beers usually 
are, so that a boiler of 12 ft. in depth may have a difierenee of about 5° (8° F.) from the temperature 
of an ordinary beer copper. A wide copper, that allows freedom to the currents of ebullition, keeps its 
wort cooler than a narrow copper, in which the upper and downward currents come into contact. 
For this reason a wide bulging copper, with an ascending current in the centre and descending 
currents at the side, is best fitted for pale beer ; and a deep copper with almost perpendicular sides, 
by constricting the space for circulation and causing the descending currents to return upon the 
ascending currents, in other words, the cold currents upon the hot, is best for porter. In boiling, 
any hindrance to circulation causes increase of temperature. The wort at the bottom of the copper, 
loses solidity, becomes frothy and thus loses its conducting power, so that the copper bottom 
attains a temperature which renders the copper bad for ale, but better for converting extract of black 
malt into porter. Boilers with steam tubes at the bottom, and a false bottom at some distance 
above the tubes, intended to keep the hop from contact with the source of heat, are unsuccessful, 
because there is no circulation, and the wort beneath 'the false bottom is superheated, whilst that 
above remains cold. In Scotch breweries, the coppers are much wider than they are deep, whilst 
in the West and North of England they are deeper than wide ; on this account Lancashire beer 
takes its peculiar flavour. The high temperature employed in boiling Lancashire beers is beneficial 
only so long as the malt is properly cured, and so dried as to approach an amber colour, but, without 
this preparation of the malt, it is useless to attempt rectification in the copper. It is agreed in the 
best practice that extra heat in the copper will not give additional keeping quality to either black 
or pale beers, unless the malt has been cured and heated to correspond with the temperatures of the 
coppers. Narrow coppers are wasteful and troublesome, because the contents are liable to be forced 
over the lips from the want of space for the currents of ebullition. Scotland and Lancashire may 
be regarded as presenting examples of the extreme Umits of form for coppers. In London breweries, 
domed coppers are employed, and this may in some measure account for the superior flavour 
of London porter. Porter must be boiled at a temperature of 107° to 110° (225° to 230° F.), and this 
temperature can be attained in a straight-sided boiler, well fired, by boiling at a charge depth of 
12 ft., or with a pressure in a small domed-boiler of 4 or 5 lb. a square inch. Domed coppers, besides 
the safety valve have a vacuum valve to prevent collapse ; steam boiling is attended with'somedifii- 
culty unless carried out in double-bottom coppers, which require the use of tubes to give 50 per cent, 
of steam surface over that of fire surface. 

Graham is of opinion that long boiling is necessary, and that a portion of the quantity of hops 
should be added after the first half-hour’s boiling, the scum removed, hops again added and 
boiling continued for an hour or an hour and a half, as may be required. 

All beers when kept for a few months, age and lose the distinctive flavour of the hop. In the 
hopping of beers, the range of quantity between 4 to 24 lb. a quarter occurs in practice. Scotch 
mild ale is made with 4 to 6 lb. to the quarter, and Scotch pale ale with 10 lb. of hop ; Burton mild 
ale, 12 lb. ; Scotch export ale, 16 to 20 lb. ; Burton home pale ale, 20 to 24 lb. Porter, for early 
sale, is made with 8 to 10 lb. of hop, and for export, with 12 to 14 lb. good quality. Stout for home 
use is hopped with 12 to 14 lb. ; and export stout 16 to 18 lb. a quarter. The hop for porter and 
stout is always reboiled. 

In raw hopping the beer in cask, 1 lb. to the barrel is usually allowed for home sales, and 2 lb. 
to the hogshead for export beers. The finest new hop is selected for tliis purpose ; delicate for home 
and strong for extract beer. Yatted ales are always raw hopped. Stouts are sometimes thus 
treated, according to the practice of the brewer. In the best practice, it is generally admitted to be 
a mistake to hop the beer both in copper and cask, especially for the purpo.se of correcting stale 
malt ; a better plan is to re-dry the malt. ° 
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Cooling . — Before the introduction of refrigerating apparatus, beer wort was cooled on cooling 
floors, flats of buildings floored and flanged round to a depth of about 6 in. These floors were of 
oak, teak, cast iron, or copper, but the loss of beer from the old wooden coolers through absorption 
by the wood was sometimes equal to 5 per cent, of the net results of the brewing. Considerable 
difference of opinion occurs as to the advantages of refrigerators over coolers, but beyond the advan- 
tage of evaporation, in helping to remove the mash water, there is no benefit from the use of a 
cooler. Tha most economical and safest brewing is that conducted with refrigerators, so that the 
wort may be run direct from tlie hop-back through the refrigerator to the permeating tun. If 
the refrigeration is effected with cold water, the supply necessary is equal to double that needed 
to cool with the cooler, if the wort is at a temperature when it begins to run, of about 55° (130° P.). 

After boiling, the worts are, as a rule, discharged from the copper or boiling back, as the case 
may be, into the hop-back, a large tank or vessel fitted with strainers for separating the hop from 
the wort. In those breweries in which the wort has to be pumped from the hop-back into the 
coolers, the former, in addition to acting as a strainer, serves as a reservoir from which the pumps can 
draw. Sometimes the hops are placed in the boiling back, enclosed in a perforated sheet-iron vessel, 
and as in this case they cannot mix with the wort, the latter does not require to be strained 
after boiling, and it is therefore run direct from the boiling back to the coolers, no hop-back being 
used. 

A hop-back should always be capable of containing, the full contents of the copper in connection 
with which it is worked, and if it is of any great size, it should be fitted with elevating machinery, 
for returning the hops to the copper. To enable hop-backs to act as strainers, they are fitted with 
perforated false bottoms, coastruoted generally of cast-iron plates, arranged to be readily removed 
for cleaning purposes. The space below the false bottom communicates either with the suction 
pipe of the pumps, or with a pipe leading direct to the coolers. The perforations in the false 
bottoms are sometimes narrow slits about iu in width, and 2 in. or 3 in. long, and sometimes small 
holes about i in. or in. in diameter. In either case, the perforations are well countersunk on the 
iuner side of the plates, so that the thickness, through which the narrow openings extend, is not 
great. The draining power of any hop-back varies directly as the area of the openings in the false 
bottom, and, as these openings must not be limited in size, they should be placed as closely together 
as possible. As the flow of the wort through the perforations is accelerated by increasing the 
depth of wort, tliere has been an erroneous tendency to make hop-backs deeper than needful, to 
obtain increased head. With a given quantity of wort, an increased depth can only be obtained by 
a reduction of the horizontal, and consequently of the drainage, area, hop-backs, as a rule, being 
furnished with perforations only at the bottom. The reduction of drainage area consequent upon the 
increase in depth varies directly as that increase, whilst the velocity of flow through the perforations 
in the false bottom is augmented only as the square root of the increase in depth. For example, a 
hop-back has a drainage area of 40 sq. ft., and the wort stands at a depth of 4 ft. above the false 
bottom. The theoretical velocity of flow through the perforations should be about 16 ft. a second. 
If the hop-back be supposed to be contracted until the horizontal area is reduced to 10 sq. ft., the 
depth of the wort will be increased to 16 ft., and the flow due to this head wOl be 32 ft. a second. 
The velocity of flow will only have been doubled, whilst the drainage area has been reduced to one- 
fourth ; and the quantity of wort drained from the back in a given time will only be half that in 
the former case. The greater the depth, the greater also will be the quantity of hops deposited on 
each unit of area of the bottom, and the more resistance offered to the passage of the wort. When 
the depth of the wort above the false bottom is o ft. 9 in., there will be about one barrel above each 
square foot of bottom area, and the quantity of hops deposited a square foot will nearly corre- 
spond to that quantity a barrel, whilst, if the depth is but 2 ft. lOJ in., there will be but half this 
quantity deposited a square foot, and so on. A certain portion of the drainage area can be kept clear 
by raking away the hops ; but the area covered by the hops will always deffend upon the depth of 
wort originally contained in the back. Hop-backs should, therefore, not be more than 2 ft. 6 in. or 
3 ft. deep above the false bottom. Where the wort is pumped from below the false bottom of a hop. 
back, an artificial head is caused by the exhaustion, if the pumps are sufficiently powerful , In a 
hop-back at Charrington’s brewery another plan has been adopted, to avoid loss of drainage 
area by the deposit of hops. This hop-back is provided with vertical grilles, in addition to the ordi- 
nary perforated bottom. The back, 48 ft. long by 12 ft. wide and 5 ft. 3 in. deep, is provided, at 
a distance of 6 ft. from each end, with a diaphragm or partition. The partitions are each formed of 
a series of angle irons placed vertically side by side, with spaces i in. u ide between. These vertical 
angle irons, forming tlie grids, are riveted at the top to an angle iron. Between the diaphragm s 
or screens, the hop-back is provided with a false bottom, placed 3 in. above the real bottom, 
and constructed of east-iron plates. The cast-iron plates are each 3 ft. long by 1 ft. wide by 
.fg in. tliick round the edges, and | in. thick at the perforated portion. The holes are ^ in. in 
diameter, and are deeply countersunk on the under side, and are placed at 1 in. pitch. The space 
between the false bottom communicates at each end with those portions of the hop-back beyond the 
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vertical grilles, the end openings being each protected by a curved grill, formed of angle irons 
similar to those used in the veitical screens, but placed closer together. The bottom of the back is 
laid with a fall of i in. a foot from each end towards the centre, where a gutter, 3 ft. wide by 5i in. 
deep, is formed, with which the suction pipe of the pumps communicates. 

The action of this arrangement is as follows ; When the worts are poured in, drainage takes 
place through the false bottom between the diaphragms in the usual manner ; and in addition to 
this the wort also passes through the vertical grilles or diaphragms into the end divisions of the 
back. From these latter it passes through the curved grilles, which serve to separate any hops that 
may have passed through the vertical diaphragms, and so into the space below the false bottom, and 
thence to the pumps. 

When drawn from the hop-back, the wort has to be cooled to the temperature at which it 
is placed in the fermenting tun. This temperature varies from 12° to 18° (54° to 64° F.), and 
allowing for some loss of heat in the hop-back and communicating pipes, the temperature of the 
wort has to be reduced about 83° (150° F). This reduction is sometimes effected by exposing the 
wort to the air in shallow vessels, or coolers ; sometimes by passing it through a refrigerator, and 
very generally by a combination of the two methods. 

Wooden coolers are those most frequently met with, probably on account of cheapness, but they 
are open to many objections. They are usually made of Dantzic deals about IJ in. thick, the 
boards being pegged to the joint pieces with wooden pins. The coolers should be laid with a 
slight inclination towards the point at which the wort is drawn of^ and the boards should be planed 
as smooth as possible, so that they may be more readily kept clean. Too much care cannot be paid 
to the cleanliness of the coolers, and they should be frequently well washed with lime water. If 
the coolers are not in almost continnal use, it is advisable to keep them covered with water when 
not required for the wort, as the pores of the wood, which have been opened by the action of the 
hot wort, are prevented from absorbing air which would come into contact with the next wort, and 
cause incipient fermentation, generally termed foxing. 

Metal coolers are generally placed so that their under sides are exposed to the air as well as the 
upper surface, and the cooling efieot is thus increased. This arrangement shoidd be adopted in all 
metal coolers. At Truman’s, the coolers are of copper, and are two in number, each 110 ft. 
long by 25 ft. wide. They are made of thin copper, the weight a square foot being about 3| lb., and 
are supported merely on joists, the under sides being freely exposed to the air. The wort is not 
allowed to remain in these coolers, but is run over them in a thin stream to a refrigerator, which 
completes the cooling process. These coolers are capable, under ordinary circumstances, of cooling 
about fifty barrels of wort an hour from the boiling point to a temperature of 43° (110° F.) ; the 
combined surface of the coolers being 5500 sq. ft. This is a very high result, and is partly due to 
the wort being kept in circulation over the coolers, and to the coolers being made of thin copper. 

Special rules for the dimensions of coolers are inadmissible. Besides the variations in tempera- 
ture and state of the atmosphere, which exercise a most important influence on the efficiency of 
cooling surface, the position in which the coolers are placed, and the degree in which they 
are protected from free currents of air by surrounding buildings, modify considerably their refrige- 
rating power. Coolers should always be placed so that the air has free access, and to this 
end it is usual to make the walls of the rooms containing them of louvres, which can be opened as 
may be required. If the wort is to stand on the coolers, these should be of such size that the depth 
of the wort may not exceed 2 in. or 2J in., or, in other words, have an area of about 36 sq. ft. a 
barrel, each square foot thus carrying a gallon of wort. When covered with wort to this depth, a 
well-situated cooler will, under ordinary circumstances, effect the required reduction of temperatuie 
in six to eight hours. 

The cooling power of a certain area of cooler surface may be increased by causing the wort to 
flow over the coolers instead of remaining quiescent, or by causing the surface to be swept by an 
artificial current of air. 

If coolers are worked in connection with a refrigerator, so that there may be a regular flow of 
wort, they should be of considerable length in proportion to the width, or if of nearly square shape, 
divided by partitions placed so as to leave passages past the alteinate ends, so that the wort may 
have to travel through a series of long and comparatively narrow channels. The wort should be 
drawn off from different points in the width of the stream, either through a number of openin<^s 
communicating with a single pipe, or by letting the wort fall over a kind of weir extending acro^ 
the stream. By these means, greater uniformity of current will be ensured. 

Of the extent to which the cooling power of a given area of wort surface is increased by the 
passage over it of a current of air, some idea may be gained from Dalton’s experiments on evapora- 
tion at natural temperatures. With water at 100°, and an atmospheric temperature of 15°, it was 
found that a surface of about 27 sq. in., which would evaporate 2-1 grain*! a minute in still dry 
air, would evaporate 3'3 grains a minute when there was a brisk current of air passing. IVTien 
coolers are placed at an elevated pait of the brewery, as is very usually the case, they are generally 
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subjected to natural currents of air of greater or less force ; but in addition to this it is the practice 
in many breweries to assist the cooling by the use of fans. Fans, having each three or four vanes, 
are caused to rotate horizontally immediately above the surface of the wort, the blades or vanes 
being placed with their surfaces inclined to the plane of rotation so that the current of air is deflected 
downwards as well as caused to spread radially. Pans arranged in this way not only cause a constant 
change of the air in contact with the wort, but give rise to currents in the wort itself, and thus tend 
to equalize its temperature throughout. 

Another arrangement for obtaining an artificial current of air over the wort has been adopted. 
A cooler is attached to each pair of mash tuns, and is of sheet iron, supported on open joists, so 
that the under sides are freely exposed to the air. At one corner of the cooler is a fan, communi- 
cating with a wooden trunk, led along one side of the cooler, having openings through which the 
air can enter. The moist air, drawn off by the fan from the surface of the wort, is expelled through 
a pipe, which rises through the roof of the building. 

The best brewing practice is now tending to the employment of refrigerators alone for cooling 
the wort, and for this there are many reasons. A lengthened exposure to the atmosphere, to which 
the wort is subjected on tlie coolers, is far irom beneficial, and in comparatively warm weather apt 
to induce acidity. There is also a loss by absorption on the coolers, and a loss by evaporation. 
As this latter loss is merely of water, it may, at first sight, appear to be of but small consequence ; in 
reality this is not the case. Under ordinary circumstances, the loss by evaporation alone is about 
8 per cent., and this involves the use of 8 per cent, more liquor in washing than would otherwise 
be necessary to produce a wort of a given final strength. The quantity of wort to be boiled is also 
increased 8 per cent., and since the quantity of fuel used is, in large brewings, proportional to the 
quantity of wort and liquor heated, an additional consumption of 8 per cent, of fuel is the result. 
When the wort is cooled entirely by passing it through a refiigerator, the loss by evaporation is of 
course nil, and since a less quantity of liquor will have to be used in mashing, there w01 be a less 
quantity to heat as liquor, and to boil afterwards as wort. In many cases, the hot water obtained 
from the refrigerators may be fed into the liquor boilers. Again, where fans are used, the expense 
of the engine power required to drive them has also to be considered. 

Against the disadvantages of the coolers are to be set the expense of the refrigerator and the 
cost of supplying it with water, either by pumping or otherwise ; in all but very exceptional 
cases, the balance will be in favour of the use of the refrigerator. In many instances, the water heated 
by passing through the refrigerator can be used for brewing purposes, and even when the water used 
for refrigeration is not available for brewing, the supply of hot liquor can generally be turned to 
some account. Coolers are best employed only for effecting the reduction of the temperature of the 
wort from boiling point to 43° (110° F.) or 50° (120° F.), the cooling being completed by a refrigerator. 

In the cooling process, a precipitate is formed due to two causes, the simple action of cold being 
one. Part of the albuminous matter, that which combines with tannic acid to form tannate of 
albumen, is precipitated, the precipitate being also due to oxidation. During a long cooling 
from a high temperature, as when the worts are cooled upon open coolers, oxidation is set up by 
the air, the most dangerous temperatures being from 39° to 50° (100° to 120° F.). If starch is 
present in soluble condition it is likely to set up decay, which Graliam states is not due to the 
action of vital organisms, but to the division of the grape sugar or glucose into two equal molecules, 
each containing C3H5O3, or lactic acid ; the molecule of glucose simply bi eaks up into two mole- 
cules of lactic acid, no gas being given off nor precipitate formed, but the acid is produced by simple 
alteration of the molecular arrangement. This action is likely to occur in a prolonged exposure 
to temperatures between 16° and .38° (60° and 100° F.). Rapid cooling therefore is essential. 

Wort cooled on cooling floors is stated to be sound and good if it presents a black appearance 
on the surface, a reddish hue being indicative of putrefaction. When this red colour occurs, the 
coolers must be thoroughly cleansed with chloride of lime and quick lime, not with bisulphite of 
lime. Graham considers that cooling should be continued to about 18° (64° F.) or 19° (66° F.). 
In Burton, it is carried to 14° (57° F.), and in Bavaria, where the bottom fermentation process is 
employed, to 6° (42° F.). 

Fermentation. — When cooled, the wort is led to the vessels or tuns in which it is to undergo 
fermentation. The nature of the chemical changes known as fermentation, and the conditions under 
which they take place, have been described and indicated in a former article (see Alcohol, p. 194). 

The sugar in the wort on its transformation into glucose takes up two equivalents of water ; 
therefore the combined weights of the carbonic acid and the alcohol resulting from the fermenta- 
tion is greater than that of the sugar originally contained in the wort. It follows that there should 
be an increase in the specific gravity of the solution or wort during the time that the conversion 
of the cane sugar in^ grape sugar is taking place. This is actually the case, and it is a fact of 
which the brewer takes advantage. As the evolution of carbonic acid gas progresses, the specific 
gravity of the liquid is observed to decrease ; and this gradual reduction of specific gravity is by 
brewers termed the “ attenuation.” The attenuation of the wort is accompanied by a rise in tem- 
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peratoe, and it is by this increase of temperature, combined with the reduction 'of the specific 
^avity, as observed by the saccharometer, as, well as by the appearance of the head formed, that 
the hrewer is enabled to judge how the process of fermentation is proceeding. 

In the fermentation of a malt wort, the conversion of the saccharine constituents into alcohol and 
carbonic acid does not occur alone. The albumen and gluten become insoluble in the alcohol 
formed by the process of fermentation. Under the circumstances of the English method of pro- 
cedure, oiie portion of these insoluble substances is buoyed up by the ascending globules of carbonic 
acid fonning the frothy head which collects on the surfiice. The remaining portion of the insoluble 
matters is deposited as bottom barm, which consists of gluten mixed with the denser impurities of 
the wort, and is a cruder material than the yeast floating on the surface. The proportion that the 
floating yeast will bear to the bottom barm will vary with the nature of the malt, the heat of the 
mashing process, and with the temperature at which the fermentation is carried on. In the case of 
the Bavarian brewing process, in which the fermentation is allowed to proceed very slowly, a mere 
film IS formed on the surface of the wort, the insoluble matters being almost entirely deposited as a 
viscid sediment, termed the “ unterhefe.” 


The initial temperature at which the wort is pitched or mixed with the yeast in the fermenting 
tans exercises an important influence upon the energy of the fermentation, and it has to be regu- 
lated according to the atmospheric temperature of the tun room and the strength of the wort. 
According to the English practice, the pitching temperature ranges from 11° (51° P.) to as high as 
18° (61° F.), but in the Bavarian system it is kept as low as 7° to 10° (45° to 50° F.) In winter 
the air, being at a low temperature, tends to check the energy of the fermentation ; wIiBst ii! 
summer, as the air is frequently at a higher temperature than that at which the wort is pitched, 
e ermentation is more difficult to control. For these reasons, it is necessary that the pitchino- 
temperature shoifld be lower in summer than in winter, unless means are provided for keeping the 
tun room cool. The smaller the vessels in which the fermentation is carried on, the greater will be 
the surface ex^sed by them in proportion to their contents, and the greater therefore will be the 
influence exerted by the atmospheric temperature. So long as the temperature of the air in the 
un rwm is below that of the wort, the energy of the fermentation may be checked by dividin-r 

iriS!er°thaft°hat“n7i^' ^ atmospheric temperature in the tun room 

of diWsion 771 iT7 ’ t r®"®® ®*^‘ P^°'l"<=ed by such a system 
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Which usually receive a liberal allowance of yeast, should be pitched at a low temperature The 
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that It 13 impossible to give any general rule. ^ circumstances 

nlcofr ^®?f “ te that obtained from pale gyles towards the completion of 

alcoholic fermentation, this yeast being denser than that thrown off during the earlier stages and 
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The heavier, or in other words the stronger, the wort, the greater will be the oronortil ef i 
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qnsmtity of yeast at once, whilst others reserve a certain proportion to be added subsequently to 
stimnlate the fermentation. So long, however, as the quantity of yeast required is accurately 
known, the former system appears to be preferable. 

In a thoroughly healthy fermentation, the rise of temperature whieh ensues as the process goes 
on should be steadily accompanied by a decrease in the gravity of the wort, or, for every degree of 
heat gained, a pound of saccharine matter per barrel should be transformed into carbonic acid and 
alcohol, an effect which will be shown by the saccharometer. Of course, this correspondence between 
the increase of heat and the attenuation attained is to some extent liable to modification by 
extremes of heat or cold. The stages of a healthy fermentation are as follows : — Some six or eight 
hours after the yeast has been added, minute bubbles of carbonic acid gas begin to rise, and a thin 
creamy froth is formed, first round the edges of the tun, but gradually extending over the whole 
surface of the liquid. As the temperature rises, and the decomposition of the saccharine matter 
becomes rapid, the evolution of the carbonic acid gas takes place more fireely, and, as a consequence, 
the froth rises, forming what is termed the “cauliflower head.” At this stage, the aroma becomes 
very perceptible. The cauliflower head should rise two or three feet above the surface of the gyle, 
and it should be of a brownish-white colour ; a bluish-white colour at some parts indicates un- 
soundness. The next change consists in the breaking up of the cauliflower head into what is 
termed the “ rocky head.” The rocky head is produced by the bursting of the globules of frotlii 
the yeast at first thrown off not being sufficiently viscid to retain the accumulation of carbonic acid. 
At this stage, the head should fall some three or four inches, and the aroma should be very pungent 
and vinous. In the next and last stage, the head again rises, forming what is known as the “close 
yeasty head,” this having the appearance of yeast all over the surface. If the fermentation be a 
healthy one, the head will at this stage be covered with small bubbles at the top, these constantly 
bursting, discharging their gas, and being replaced by new ones. This goes on until the beer is 
considered to be ready for cleansing or skimming, a process which consists in removing the yeast 
from the surface. Different methods of conducting the cleansing will be described later. The 
object of the operation is to prevent the imparting of a bitterness or yeast-bitter flavour to the 
beer, which might be the ease if the beer were allowed to remain in contact, at a temperature 
approaching 21° (70° F.), with yeast that had to some extent entered into putrefactive fermentation. 

During the progress of fermentation, the temperature of the liquid rises, the maximum heat being 
attained when the fermentation is at its highest point. lu some instances, the rise of temperature 
is upwards of 14° (30° F.), but generally lower, and in the case of stock, and Scotch ales, it is as 
low as 10° (16° F.). If the heat is allowed to rise too high, the glutinous constituents of the 
beer are not perfectly removed in the yeast, and as the gyle does not cleanse perfectly, an after 
fermentation ensues, technically termed the “fret.” On the other hand, too low a temperature 
causes sluggish fermentation, and, as a consequence, the beer is apt to gain a yeast-bitter flavour 
from being retained too long in contact with the yeast. To avoid these results, various contrivances 
are employed to keep the temperature at all times under control. 

In connection with the subject of fermentation, it is advisable to discuss briefly the determination 
of what are called “original gravities,” or the gravities of the worts from which any given samples 
of beer may have been made. According to Act of Parliament, 10th Victoria, cap. 5, a drawback of 
5s. a barrel is granted on all beer exported, on condition that the worts before fermentation were 
not of less specific gravity than I'OSl. A brewer knows the strength of the wort from which 
the beer has been made ; but it is necessary that the revenue officer also should have the means 
of obtaining independently from a sample of the beer the same information, and this necessity has 
led to the close investigation of changes which take place during fermentation. For each sample 
of beer there have to be determined the original gravity of the wort from which it was product, 
the specific gravity of the beer itself, or, as it is sometimes called, the beer gravity ; the spirit 
indication ; and the proportions of unfermented solid matter, or extractive matter, held in solution 
by the beer. The specific gravity of the beer can be determined by the hydrometer, while the 
extract gravity, or the specific gravity, of the beer without its spirit, may be obtained by par- 
tially evaporating a given quantity of beer, to expel the alcohol, and making up the original bulk 
by the addition of water. By comparison of the specific gravity of the beer with the extract 
gravity, an indication may be obtained of the quantity of alcohol in the beer. This quantity may 
also be ascertained by distillation, by the refracting power of the beer on rays of light, or by 
observation of its boiling point, which lowers with increase of alcohol. It is possible, if the amount 
of alcohol in the beer is known, to roughly determine the original gravity of the wort by increasing 
the extract gravity by the amount due to the quantity of starch sugar which would have to be decom- 
posed during fermentation to produce the known quantity of alcohol. Original gravities thus deter- 
mined, however, are Uipless for practical purposes, because the final or beer gravity is the result, not 
merely of the attenuation produced by the decomposition of the saccharine matter, but also of the 
changes effected in other constituents of the wort during the process of fermentation. 

In comparing the specific gravities of various solutions of sugar, malt, and other ingredients 

2 D 2 
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Graham, TT^fmann , andBedwood take as their standard of comparison the proportion of carbon that 
a given solution contains, and they have proved that the specific gravity of a solution, containing a 
given proportion of carbon will vary to some extent according to whether that carbon is preseiit in 
the form of sugar, dextrine, or extractive matter. The annexed table shows the specific gravities 
of various solutions compared in this way ; — 


Specific Geavities op vaeiocs Solutions containing equal Quantities op Carbon. 


Carbon in j 
1000 parts 
by Weight 
of Solution. 

Equivalent 
parts of Cane 1 
Sugar in lOOO 
parts by | 
Weight of 

1 Solution. 

Solution of 
Cane Sugar. 

1 

Solution of 
Starch 
Sugar. 

1 

Solution of ! 
Pale Malt. ^ 

Solution of 
Brown Malt. 

Solution of 
Caramel. 

Solution of 
Dextrine. 

Solution of 
Extractive 
Substance. 

JO-53 

25 

1010-1 

1010-4 

1010-0 1 

1010-0 

1008-7 

1009-7 

1008-9 

21-05 

70 

1020-2 

1020-8 

1020-3 ! 

1020-2 

1017-3 

1019-3 

1017-8 

31-58 

75 

1030-2 

1031-3 

1030-6 

1030-6 

1026-2 

1028-8 

10-26-5 

41-10 

100 

1010-6 

1042-6 

1041-2 

1041-2 

1034-9 

1038-3 

1035-5 

52-63 

125 

1051-0 

1053-5 

1052-1 

1052-0 

1043-8 ' 

1047-9 

1044-7 

63-16 

150 

1061-8 

1064-9 

1063-0 

1062-9 

1052-8 

1057-3 

1053-9 

73-68 

175 

1072-7 

1076-0 

1074-2 

1074-0 

1062-3 

1066-9 

1063-0 

84-21 

200 

1083-8 

1087-8 

1085-5 

1085-5 

1071-8 

1076-6 

1072-7 

94-73 

2-25 

1095-2 

1099-4 

1097-2 

1097-2 

1081-3 

1086-3 

1082-3 

105-26 

250 

1106-1 

1111-4 

1109-0 

1109-0 

1091-0 

1095-8 



It has been stated that, when fermentation occurs in a solution of cane sugar, there is at first a 
slight increase of density, due to the transformation of the cane sugar into starch sugar, followed 
by attenuation, due to the formation of alcohol and the evolution of carbonic acid. In a wort con- 
taining cane sugar, a transformation of this into grape or starch sugar precedes the vinous fermenta- 
tion, and this change occasions an increase of gravity of nearly S°, in a solution of which the 
original gravity is 1055. The rate at which the rise in gravity occurs varies according to the 
amount of yeast added to produce fermentalion. A similar effect results when the transformation 
of the cane into starch sugar is effected by the addition of acids instead of yeast. The comparative 
densities of solutions of cane and starch sugar are given in the preceding table, and the fact that 
they differ is important, for the original gravity of a fermented liquor or beer must be different, 
according as it was derived from a wort of cane sugar or of starch sugar. Since, in a small wort, the 
saccharine matter is present in the form of starch sugar, there is no increase of density previous to 
fermentation. 

With regard to the densities of solutions of pale and brown malt, it is interesting to observe that 
the gravities of the solutions of the two malts agree very closely, and that they occupy a position 
intermediate between that of the two sugars. That the malt wort is of less density than a solution 
of starch sugar, containing the same proportion of carbon, indicates that a portion of the carbon in 
the wort exists in some other form than that of starch sugar ; for if the whole carbon of the malt wort 
were present in the form of starch sugar, the gravity of the wort should somewhat exceed that of the 
pure starch sugar solution, since a small proportion of alkaline and earthy salts exists in the malt 
infusion, and must add to its gravity. The carbon present in the small quantity of albumen of the 
malt could not affect the result materially. The lesser density of malt wort as compared with a 
solution of starch sugar containing an equal proportion of carbon is no doubt in part due to the 
presence in the former of certain proportions of dextrine and caramel, substances which both pro- 
duce solutions considerably lighter than those of starch sugar containing similar amounts of carbon. 
Both dextrine and caramel are forms of the sugar principle, and the presence of the former in a 
wort 13 due to the incomplete saecharizatiou of the starch of the malt during the mashing process 
The presence of caramel, or burnt sugar, is no doubt due to the changing of the starch sugar by heat 
during the process of kiln-drying the malt. It exists in larger quantities in highly dried malt than 
in the paler kinds, whilst in the case of the black malt used in porter and stout brewing, almost the 
whole of the soluble portion appears to be caramel. 

Graham, Hofmann, and Kedwood also point out that a substance greatly resembliug caramel is 
produced during fermentation, owing to the saccharine matter of the wort never being wholly 
converted into carbonic acid and alcohol, even under the most favourable circumstances. A portion 
of solid matter always remains which is unfermentable, even if the alcohol is distilled off and fresh 
yeast used. This residuary has been termed gummy substance, but when obtained by the fermenta- 
tion of pure sugar it partakes more of the character of caramel, or of glucio %cid, particularly in the 
low gravity of its solution in water. Of pure sugar fermented, 4 -4, 3 -72, and 3-70 per cent, was con- 
verted into this substance in three fermentations, in which one and a half, three, and six measures of 
yeast were employed to one hundred measures of solution, containing one-seventh of its weight of 
sugar. This extractive substance may be obtained in the form of a dark-brown syrup by evapo- 
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rating the liqnid after the completion of the fermentation. This syrup reddens litmus paper ; gives, 
like caramel, a transparent blue solution, with sulphate of copper and caustic potash in excess ; is not 
fermentable by yeast even after being boiled with sulphuric acid, whilst it is precipitated by baryta 
water, and when treated with subacetate of lead gives a brown precipitate more voluminous and of 
a lighter colour than the precipitate produced by the same means from a solution of pure caramel. 
That it is a compound of two or more substances is proved by the fact that a portion of it is precipi- 
tated by the addition of a solution of neutral acetate of lead. Solutions of this extractive substance 
have densities very closely agreeing with those of caramel containing similar quantities of carbon. 
The presence of this extractive substance, which is produced during the fermentation of malt worts, 
as well as sugar worts, appears to exercise a greater influence than dextrine in giving to fermented 
worts an apparent attenuation without a corresponding production of alcohol, and the more nearly 
the worts are exhausted by fermentation, the greater is its effect. The indication by gravity of the 
extractive substance is so much lower than that of starch sugar, that the former substance only indi- 
cates about flve-sixths of the saccharine principle that has given rise to it. Hence it is that original 
gravities cannot be calculated on the assumption that the solid matter in beer is sugar, or a sub- 
stance having the same gravity as sugar. In the maturing of beer by time, an increase of attenua- 
tion is observed, which is no doubt due to the slow continuation of the vinous fermentation, with 
the disappearance of sugar and formation of alcohol ; but there is some reason to believe that the 
attenuation is not entirely due to that cause. Part of the loss of gravity appears to be occasioned 
by the change in condition of the saccharine principle, from that of starch sugar to that of the 
extractive substance, a change which involves a loss of speciHc gravity without a corresponding 
production of alcohol. 

During the process of fermentation of a malt wort, a change is produced in the proportion of 
albuminous matter ; this proportion is diminished in consequence of the formation of yeast, which 
causes a proportion of the albumen to assume an insoluble form. In a wort made from pale malt 
with hops, of the gravity of 1088, and containing 21 per cent, of solid matter, it was found that the 
nitrogen amounted to 0-217 per cent., and might be considered as representing S'-IS per cent, of 
albumen ; whilst after this wort had been fully fermented the proportion of nitrogen was reduced 
to 0-134 per cent., corresponding to 2-11 per cent, of albumen. Solutions containing 2-11 and 
3-43 per cent, respectively of egg-albumen, have been ascertained to have the sp. gr. 1003-1 
and 1004-2, therefore the loss of albumen which took place during the fermentation of the wort 
corresponded to a reduction of gravity from that cause alone of 1°-1. In the same wort, the 
mineral constituents, consisting of soluble salts of the earths and alkalies, amounted to 0-443 per 
cent, before and 0-403 per cent, after fermentation, a variation of no practical importance. 

The determination of what is termed the “ spirit indication ’’ does not present great difficulty 
Graham, Hofmann, and Eedwood have ascertained that a knowledge of the extract gravity and 
spirit indication of beer is sufficient to enable the original gravity to be determined with certainty. 

The following tables were compiled to enable the original gravity of a beer to be determined 
from an observation of its spirit indication. These tables show the number of degrees of gravity 
lost by an ordinary malt wort corresponding to the different degrees of spirit indication, the first 
table being intended for use when this indication is obtained by the distillation process, and the 
second when it is obtained by the more practical process of evaporation. When the distillation 
process is used, a convenient quantity of beer is carefully measured in a glass flask, and then placed 
in a retort fitted with a tubular condenser. 


Obiginal Gbavitibs bt the Distillation Pbocbss.. 


Degrees of 
Spirit 
Indication . 

•0 

•1 

•2 

•3 

•4 

■ 

•6 

-7 

8 

•9 

0 


-3 

-6 

•9 

1-2 

1-5 

1 -8 

2-1 

2-4 

2-7 

1 

3-0 

3-3 

3-7 

4-1 

4-4 

4-8 

5-1 

5-5 

5-9 

6-2 

2 

6-6 

7-0 

7-4 

7-8 

8-6 

8-5 

9-0 

9-4 

9-8 

10-2 

3 

10-7 

11-1 

11-5 

12-0 

12-4 

12-9 

13-3 

13-8 

14-2 

14-7 

4 

15-1 

15-5 

16-0 

16-4 

16-8 

17-3 

17-7 

18-2 

18-6 

19-1 

5 

19-5 

19-9 

20-4 

20-9 

21-3 

21-8 

22-2 

22-7 

23-1 

23-6 

6 

24-1 

24-6 

25-0 

25-5 

26-0 

26-4 

26-9 

27-4 

27-8 

28-3 

7 

28-8 

29-2 

29-7 

30-2 

30-4 

31-2 

31-7 

32-2 

32-7 

33-2 

8 

33-7 

34-3 

34-8 

35-4 

35-9 

36-5 

37-0 

37-5 

38-0 

38-6 

9 

39-1 

39-7 

40-2 

40-7 

41-2 

41-7 

42-2 

42-7 

43-2 

43-7 

10 

44-2 

44-7 

45-1 

45-6 

46-0 

46-5 

47-0 

47-5 

48-0 

48*5 

11 

49-0 

49-6 

50-1 

50-6 

51 2 

51-7 

52-2 

52-7 

63-3 

53*8 

12 

54-3 

* 54-1 

55-4 

55-9 

56-4 

56-9 

57-4 

57-9 

58-4 

58-9 

13 

59-4 

60-0 

60-5 

61-1 

61-6 

62-2 

62-7 

63-3 

63-8 

64*3 

14 

15 

64-8 

70-5 

65-4 

65-9 

66-5 

67-1 

67-6 

68-2 

68-7 

69-3 

69-9 
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Distillation is carried on until the whole of the alcohol is brought over, the alcohol being 
received in the flask in which the beer was originally measured. The alcohol collected ia next 
made up to the original bulk of the beer by the addition of water, and the sp. gr. of the liquid is 
then carefully observed at a temperature of 60° by the aid of the weighing bottle or a delicate 
hy drometer. 

Obtginal Gea VITUS bt the Evapobatios Process. 


Pegrees of 
Spirit 
Indication . 

•0 

■ 

■ 

D 

P 

P 

•6 

•7 

•8 

•9 

0 


-3 

-7 

1-0 

1-4 

1-7 

2-1 

2-4 

2-8 

3-1 

1 

3-5 

3-8 

4-2 

4-6 

5-0 

5-4 

5-8 

6-2 

6-6 

7-0 

2 

7-4 

7-8 

8-2 

8-7 

9-1 

9-5 

9-9 

10-3 

10-7 

11-1 

3 

11-5 

11-9 

12-4 

12-8 

13-2 

13-6 

14-0 

14-4 

14-8 

15-3 

4 

15-8 

16-2 

16-6 

17-0 

17-4 

17-9 

18-4 

18-8 

19-5 

19-8 

5 

20-3 

20-7 

21-2 

21-6 

22-1 

22-5 

23-0 

23-4 

23-9 

24-3 

6 

24-8 

25-2 

25-6 

26-1 

26 6 

27-0 

27-5 

28-0 

28-5 

29-0 

7 

29-5 

30-0 

30-4 

30-9 

31-3 

31-8 

32-3 

32-8 

33-3 

33-8 

8 

34-3 

34-9 

35-5 

36-0 

36-6 

37-1 

37-7 

38-3 

^8-8 

39-4 

9 

40-0 

40-5 

41-0 

41-5 

42-0 

42-5 

43-0 

43-5 

44-0 

44-4 

10 

44-9 

45-4 

46-0 

46-5 

471 

47-6 

48-2 

48-7 

49-3 

49-8 

11 

50-3 

50-9 

51-4 

51-9 

52-5 

53-0 

53-5 

54-0 

54-5 

55-0 

12 

55-6 

56-2 

56-7 

57-3 

57-8 

58-3 

58-9 

59-4 

59-9 

60-5 

13 

61-0 

61-6 

61-2 

62-7 

63-2 

63-8 

64-3 

64-9 

65-4 

66-1 

14 

15 

66-5 

72-0 

67-0 

67-6 

68-1 

68-7 

69-2 

69-8 

70-4 

70-9 

71-4 


The number of degrees by which this specific gravity is less than that of water is the spirit 
indication. 

The spirit indication may be more readily obtained by simply subtracting Uie beer gravity from 
the extract gravity, a method used by the German brewers. This is a more convenient method 
than the former, since, to obtain the extract gravity, the beer has merely to be evaporated in an 
open flask, without collecting the spirit. In cases where the spirit indication has been determined 
by the latter method, the second of the foregoing tables has to be used to ascertain the original 
gravity. Thus, if the spirit indication is 9°’6, and the extract gravity 1044-7, the original gravity 
will have been 1044-7 + 43 = 1087°-7, for 43° is according to this table the loss of gravity corre- 
sponding to a spirit indication of 9° -6. It will be noticed that the tables do not exactly agree, for 
the spirit indication obtained from any given beer by the distillation process is always somewhat 
greater than that obtained by the other process. The reason of this is that when alcohol is added 
to pure water, the density of the mixture is lower than that of the water. An addition of 8 per 
cent., by weight, of alcohol, gives a mixture having a density of S86-7, which is a loss of gravity 
of 13°-3 ; but 8 per cent, of alcohol in the same volume of water containing 10 per cent, of cane 
sugar, occasions a loss of gravity of only 12°-92, or a reduction from 1036°-47 to 1023°-55. The 
degrees of spirit indication obtained are therefore less from the same absolute quantity of spirit in 
the sugar solution than in pure water. The sugar solution containing alcohol represents the beer 
and gives the loss of gravity which the beer sustains by evaporation. On the other hand, the first 
mixture of pure water and alcohol represents the dilute spirits obtained from the same beer by 
distillation. The results are : — 

Degrees of spirit indication 13 - 30 by distillation. 

» » » 12-92 by evaporation. 

Difierence 0-38 


Thus the addition of a certain proportion of alcohol leaves the specific gravity of the mixture a 
little higher when the water contains sugar in solution. 

Fermentation demands the greatest care of any stage in the brewing process. Errors in malting 
or even in mashing, may be rectified ; but a slight error in the fermentation process is attended with 
very serious results. 


It was at one time the practice amongst the Scotch brewers to employ fermenting rounds onlv 
and to cleanse from tliese directly into the casks. The fermentation was completed in the rounds’ 
Under this system the process of fermentation required from one to three weeks. The wort was nsuallv 
pitched at a low temperature, 10° or 11° (51° or 52° F.), and no more yeast«was used than strictly 
necessary: if the quantity first introduced failed to produce sufSciently active fermentation the 
contents of the rounds were agitated twice daily, or a further quantity of yeast was added and 
well stirred m whUst the fermentation was going on. The yeast formed was not skimmed ofi- 
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and the fermentation was allowed to proceed until the ale was reduced to about one-fourth of the 
original gravity. The attenuation proceeded so slowly at the completion of fermentation as not to 
exceed half a pound a day. For some days previous to the drawing off, the head of yeast was not 
disturbed, and it floated on the surface as the ale was drawn off from below. 

This process is now modifled by the adoption of “ cleansing squares,” into which the ale is dis- 
charged from the fermenting rounds, when within two or three degrees of the required attenuation. 
In the cleansing squares, the ale deposits its yeast, and becomes cool and is fined. From the 
squares it is drawn off into casks. Both the fermenting rounds and the cleansing squares are, in 
the best arranged breweries, fitted with attemperators, for reducing the temperature of the ale. 
The amount of refrigerating power required in these attemperators is small, for the fermenting 
rounds are almost always of very moderate capacity, seldom exceeding 40 barrels, and if larger, 
they are still shallow, and have large exposed surface; consequently a considerable loss of heat by 
radiation occurs. The depth of the ale in the tuns is seldom more than 4 feet; the wort is 
usually pitched at a temperature of from 11° to 14° (52° to 57° F.). The fermentation in the 
rounds generally occupies from four to six days, during which time the temperature increases to 
21° or 22° (70° or 72° F.). The cleansing in the squares occupies from 24 to 36 hours. 

In Yorkshire, and the northern and southern counties of England, a system known as the stone 
or double-square system is very largely used. Fermentation is carried on in a somewhat deep 
square, divided at the middle of its depth by a horizontal partition in which is an opening. The 
worts are contained in the lower portion of the square, and the upper division is used as a chamber, 
into which the yeast rises through the opening. The beer is occasionally pumi)ed from the lower 
chamber of the square into the upper one, where it becomes mixed with the yeast and again flows 
down into the lower compartment. The squares are commonly of stone, and the double square 
in which the fermentation proceeds is enclosed in another larger square, a space being left between 
the two into which water can be admitted for regulating the temperature. In the double square 
system, the beer is kept during fermentation at a temperature of about 13° or 14° (56° or 57° F.), 
and this temperature, when the desired attenuation has been reached, is reduced to about 56° 
by causing water to circulate through the exterior ohamber and through attemperating pipes 
immersed in the liquid. This temperature is maintained during cleansing. 

In the large porter breweries, the fermenting tuns are of very great capacity, in some instances 
1500 barrels. The usual capacity is between 200 and 700 barrels. These tuns are almost always 
of wood. Timber employed in the construction of tuns should be well seasoned, or the sap will 
mix with the wort and injure it. The round tuns are made of staves held together by hoops like 
those of a cask, the bottoms being supported by the beams on which the tuns rest. In the case of 
the square tuns, the planks are fastened together by bolts, and the sides are connected by cross stays 
stiffened by external beams. Square tuns have the advantage that they can be stowed with less 
waste of room than round tuns ; but the round form is the best for wooden tuns, and should always 
be adopted where space permits. Fermenting tuns are generally fitted with attemperators. A 
common plan is to carry these pipes round the tun at a short distance from the sides, and to support 
them by brackets. Attemperators are sometimes fitted across the tun, and when thus fitted are very 
efficient, as the cooled wort descends and gives the warmer currents free access to the pipes. 
Before the plan of fitting the tuns with attemperating pipes came into use, the somewhat clumsy 
expedient of immersing in the wort casks filled with hot or cold water was employed for the 
purpose of accelerating or retarding the fermentation. The casks so used were termed “nurses,” 
and are still used in some breweries. 

At Eeid’s brewery, the tuns, instead of being open at the top, are completely closed, with 
the exception of a small opening left for sampling; the carbonic acid gas evolved during fer- 
mentation is led off by descending pipes into a reservoir, where it is stored. From this reservoir 
it is drawn off at intervals into indiarubber bags, whence it is supplied to the Aerated Bread 
Company for the manufacture of bread on Dr. Dauglish’s system. 

At some of the London breweries, large quantities of ice are used in summer time to lower the 
temperature during fermentation, as well as for preserving the yeast. In the case of the fermenting 
wort, the ice is used both to cool the air of the tun room and also the wort itself; in the latter case 
being commonly immersed in the wort, which is made of greater strength in order to allow for the 
reduction of gravity caused by the admixture of the melted ice. 

Where large quantities of wort are collected in the fermenting tun it would be more or less diffi- 
cult to complete the fermentation satisfactorily in these vessels ; and it is therefore the practice, 
amongst London brewers, after the fermentation has proceeded to a certain extent, to divide out the 
beer from the large tuns into a number of pontoons or cleansing rounds, having a capacity of about 
five to twelve barrel^each. Stout, for instance, having an original gravity of, say, 32 lb. a barrel, 
is usually pitched at a temperature of 13° or 14° (56° or 57° F.), the quantity of yeast added being 
about li lb. a barrel. The attenuation is allowed to go on in the fermenting tuns until the gravity 
is reduced one-half. The beer is then divided out into the cleansing rounds, where the fermenta- 
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tion is completed, the final gravity being for ordinary London trade 9 lb. or 10 lb. a barrel. With 
porter, the original gravity is usually from 20 lb. to 22 lb. a barrel, and the fermentation is con- 
tinued until the gravity is reduced to about one-third ; the quantity of yeast added is only about 
1 lb. a barrel. 

Cleansing rounds, squares, or pontoons, are covered vessels, each furnished at its upper side with 
an opening through which the yeast formed hy the fermentation of the contained beer can escape. 
The rounds are completely filled with beer, and as there is a certain loss of liquid during the pro- 
gress of the cleansing, they have from time to time to be filled up, in order that the proper level 
may be maintained. The refilling is termed topping up, and it is performed sometimes by an 
arrangement of ball-cock or similar self-acting valve, and sometimes by hand. The supply of beer 
necessary for maintaining the level in the pontoons is drawn from rounds placed at a higher level, 
and termed topping-up rounds, and filled with a well-fermented beer. The division of the beer 
amongst a number of small vessels greatly checks fermentation, and unless care is taken to push it 
sufficiently far in the fermenting tun, there is probability of the process being incomplete, and of 
the heer consequently remaining too sweet. The rounds being completely filled with beer, the 
yeast formed rises through the openings in the heads, and is conducted by spouts to troughs or 
backs in which it is collected. By th's process the beer is gradually freed from the particles of 
yeast and glutinous matter held in suspension, which if not removed would keep the beer turbid- 
It seems probable that the composition of the water used in brewing affects to some extent the 
process of cleansing, for when the water contains a considerable proportion of compounds of lime, a 
double decomposition is set up with the salts present in the malt, and consequently in the wort, with 
the result of the formation of a lime salt, which is precipitated, and carries down impurities with it. 

Cleansing rounds were formerly made of wood, a common arrangement being that of casks 
placed on end in groups of four, with spouts leading from openings in the upper heads of the casks 
to a vertical spout carried down through the apace in the centre of the group. From these rounds 
the beer is pumped through an attemperator or refrigerator to a settling tank, and thence into the 
vats. Cleansing squares constructed of slate are now largely used at the principal breweries. 
Blate appears to be the best material for the construction of cleansing squares, or for tanks for hold- 
ing cold beer. Tlie slates forming the divisions between the squares are best so connected that no 
metal is exposed inside. The squares should be arranged in groups, and the slabs forming the 
divisions between the squares jointed to that forming the front of the group. The bolts securing 
the front slab may be screwed into nuts sunk in the division slabs, the hole containing the nut 
being filled in with putty. In some cases the slabs of slate squares are connected by angle-pieces, 
the heads and nuts of the bolts being tinned. The squares may be arranged in a series of double 
rows, having spaces between, into which the yeast is discharged. The lips, or short spouts by 
which the yeast issuing from the openings in the tops of the cleansing squares is discharged into 
the yeast troughs, may be of copper tinned, of tinned wrought iron, of wrought iron enamelled, or 
of cast iron painted aud varnislied. Au objection has been raised to the employment of slate for 
cleansing squares, that it is a too good conductor of heat, and that the beer is subject to con- 
siderable atmospheric variations of temperatm-e; but this objection has no practical value. 

The fermentation of porter and stout at the London breweries is generally completed in 
cleansing rounds, but iu some cases it is commenced and finished in squares holding from 170 to 
320 barrels ; these squares are usually fitted with attemperators and with parachutes into which 
the yeast is skimmed. At the City of London Brewery, the fermentation of porter is commenced in 
tuns holding 600 barrels, and completed in cleansing rounds having a capacity of 5§ barrels each, 
or in hogsheads arranged in a similar manner to the Burton unions. 

For ale, it is usual to employ much smaller fermenting tuns than for porter, and frequently the 
fermentation is completed iu these tuns. The tuns are sometimes fitted with small parachutes, by 
which the yeast can be removed and the fermentation checked. At Charrington’s, the ale 
after cashing, is allowed to cleanse further, the casks being arranged on stillions or gutters, by 
which the yeast is received. The casks are filled up by hand. At Hoare’s, the fermentation 
of the pale ales is completed in union casks, on the Burton system. At the City of London 
Brewery, the fermentation of ales is, in some instances, commenced in tuns of 140 barrels, and is 
completed in cleansing casks. At this brewery are copper fermenting tuns capable of holding 
40 barrels each ; these tuns consisting of a copper vessel enclosed in an outer casing containing 
water. In these tuns the fermentation is commenced and completed, the temperature being regu- 
lated by water circulating between the tuns and their casing. ° 

The parachute consists of a kind of a copper funnel, having a stem which extends through the 
bottom of the tun. This stem is provided with a telescopic joint. By a liftiug arrangement, the 
height of the parachute can be adjusted, so that its lip is slightly above the^evel of the beer in 
the tun ; as the yeast formed flows over into the parachute and down through the tubular stems 
the cleansing proceeds in the s.ame manner as in the cleansing rounds. As the cleansing proceeds’ 
there is a certain loss of liquid from the tun, a id the parachute has to be lowered from time to 
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time to maintain its level. Parachutes are sometimes balanced to float on the surface of the beer, 
and descend automatically. Usually, the top of the parachute has only a small area in proportion 
to the surface exposed by the beer, and the yeast is then skimmed into it. When fitted to ferment- 
ing squares, parachutes are sometimes made rectangular, and placed so that they extend across the 
squares. By the aid of parachutes the yeast can be removed firom the tuns in a much more cleanly 
and convenient manner than by skimming. 

Another method of conducting fermentation is that known as the “ Burton union system.” In 
1838, P. Walker, of Warrington, invented the method of cleansing beers, this method having for its 
object the superseding of the necessity which then 
existed for supplying by power or hand labour 
the place of the liquor discharged during fer- 
mentation, to keep the casks full ; and to prevent 
the yeasty head from being broken in upon the 
wort. According to his plan, independent passages 
were afforded for the flowing off of the yeast, and 
for the downward current of liquor, by which the 
cask or vessel was filled up. Another advantage 
was that the liquor for filling up could be intro- 
duced at the lower part of the cask, the yeasty 
head being left unbroken, and the attenuation 
allowed to go on in a regular and uniform manner. 

Fig. 307 is a transverse section of such an 
apparatus applied to casks; u is a conical tube 
inserted in the bunghole of a cask ; from the upper 
part of this tube there rises the tube 6, termed 
the yeast tube, so that the yeast as it rises may 
be delivered into the trough c. A tube d de- 
scends through the conical piece a, nearly to the 
bottom of the cask, and this tube is at its upper 
end connected with a branch pipe which commu- 
nicates with the trough at tlie bottom. These 
tubes are the filling tubes, and by them the casks 
are filled and are kept supplied with liquor from 
the trough c, to compensate the loss of that thrown off during fermentation. The joint-piece by 
which the branch p;pe is connected to the trough, is constructed with a plug like an ordinary cock, 
so that when the btanch pipe is disconnected it can be turned downwards, and the fiow of liquor 
shut ofii 

The trough, which may he of any length required, is here shown suspended, whilst the casks 
are arranged on each side on sunk stillions. The malt liquor, in a sufficiently advanced state 
of fermentation, is run into the trough, from which it flows into the casks through the filling 
pipes, enough liquor being supplied to fill the casks, and to leave a certain quantity at the bottom 
of the trough. The liquor thus left, together with that which is carried off with the yeast and 
which subsides in the trough, serves to make up the loss during cleansing. The yeast, as already 
stated, rises up through the tubes b, and flows into the trough c, and the fermentation and cleansing 
thus go on without attention until the completion of the operation, which is indicated by the yeast 
no longer flowing from the tubes. 

The system of fermentation followed at Burton somewhat resembles both the Scotch and the 
London systems, but differs from both. In the Burton system, as in the Scotch, the fermenting 
tuns are of moderate size, from 20 to 100 barrels ; instead of the fermentation being essentially a 
slow one, the wort is stimnlated with large quantities of yeast, and the same result brought about 
as is caused by the great bulk of beer fermented in a single tun at the London breweries. The 
Burton, like the London brewer, after the fermentation has proceeded for a certain time, finds it 
desirable to divide out the beer, the usual course being to distribute it amongst the requisite 
number of union casks, in which the cleansing takes place. On the Burton system, the wort is 
pitched at a low temperature, say about 13° or 14° (55° to 57° F.), and receives a liberal 
allowance of yeast, of 4 lb. to 5 lb. or even more a barrel. For the best ales the original gravity 
of the wort is about 22 lb. or 23 lb. a barrel, and the attenuation is allowed to proceed until 
the gravity is reduced to 4 Ih. or 5 lb. No yeast is removed from the ale whilst in the fermenting 
tuns, the cleansing being performed entirely in the union casks ; in these the ale remains 
about a week before be^g discharged into the settling tanks. The fermenting tuns at the Burton 
breweries are in all cases of wood, and are fitted with attemperators. The tuns as a rule contain a 
greater depth of wort than those used in the Scotch breweries. At a number of the establishments 
at Burton, open wooden troughs are employed instead of pipes to distribute the wort to the 
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fermenting tnna. At Bass’s, the fermenting squares are disposed in double rows, down each of 
which a pipe is led ; and from these pipes the squares are filled by the aid of open wooden troughs. 
At the Burton brewery, the fermenting rounds of a working capacity of 40 barrels are placed in 
groups of eight, and are filled from movable wooden troughs, which receive the wort from a main 
trough situated round the walls of the tun room. Bach movable trough extends across four tuns, 
and these are filled simultaneously through holes in the bottom of the trough ; the holes are fitted 
with plugs so that the wort can be shut off from any tun. Similar open troughs slung from the 
ceiling are also used at many of the Burton breweries to distribute the fermented wort from the tuna 
to the troughs of the union casks. The advantages of open wooden troughs as a means of dis- 
tributing the wort, are, that they are less in first cost than pipes, and may be kept thoroughly clean. 
They are, however, cumbrous, and are only applicable when the wort is supplied from higher level 
than the tuns. Union casks have generally a capacity of four barrels, and instead of being placed 
on the ground, as previously described, are slung on axles resting in bearings carried by a strong 
wooden frame. Usually the casks are disposed in double rows, each frame supporting from twelve 
to twenty casks. Above the casks is placed the yeast trough. When the casks are thus 
mounted, the method of employment is as follows: — The ale to be cleansed is pumped, or run, 
into the yeast trough above the casks, and the plugs which close the pipes leading from the 
bottom of this trough being removed, the liquor runs down into the casks. When these are filled, 
the plugs are inserted, and the swan necks are thus left as the sole vents through which the yeast 
can escape. 

, The yeast troughs belonging to the union casks are in almost all instances fitted with attem- 
peratiug pipes. The attemperating pipes of yeast troughs are sometimes so fitted, that by means 
of cords passing over pulleys fixed to the ceiling, they can be lifted up clear of the troughs, when 
the latter have to be cleaned. The union casks also are fitted with attemperators. A good 
arrangement consists of a hollow brass plug screwed into a suitable mounting on the top of the 
cask, this plug having two nozzles, which respectively communicate each \vith one of the tinned 
copper pipes extending from the plug into the cask. These pipes are connected at their inner 
ends, and a current of water can be made to enter at one nozzle, flow through the corresponding 
pipe, and return by the other pipe to be discharged by the second nozzle. The nozzles are 
respectively connected by flexible tubing to cold water and return pipes led along the sides of the 
yeast trough. These attemperators can be readily removed, and tlie holes through which they 
were inserted being closed by plugs, the cask can be rotated for cleansing in the usual way. 

To reduce the labour incidental to the disconnection of the casks for cleaning, the plan of filling 
and feeding each cask through one of its axles has been introduced. At one end of each cask, the 
axle or trunnions, cast in one piece with the cast-iron cross fixed to the head, is hollow, and is 
fitted with a brass bush secured by a nut. At the inner end, the brush or tube is made conical, so 
that it fits tightly into the hole in the head of the cask, whilst, at the other end, it has a spherical 
bearing formed on it, which fits into a corresponding seat at the end of the branch pipe from which 
the cask is filled. The spherical bearing and its seat are held in close contact by bolts, the nuts of 
which exert their pressure through spiral springs. By this means a joint is obtained, that, although 
perfectly tight, does not interfere with the rotation of the cask. The main pipe running along each 
range of union casks, communicating both with the feed reservoir and with the fermenting tuns, is 
furnished with cooks, by which the supply from either source ean be regulated. Each branch pipe 
is also furnished with a cock for regulating the supply to the particular cask to which it belongs, 
and each branch is also formed for a portion of its len^h of flexible tubing to enable the lower end 
to be readily disconnected. For turning the easks, spur wheels and crank handles are provided. 

The “ Uuter^hrung,” or system of bottom fermentation followed by the Bavarian brewers, differs 
materially from any adopted in this country. The object of the Bavarian process is to completely 
clear the wort of gluten, and, by removing the oxidizable matters, render the beer incapable of 
being soured by even a prolonged exposure to the atmosphere. To effect the separation of the 
gluten, the Bavarian brewers, instead of adding ordinary yeast to the wort, mix it with the peculiar 
kind of deposited yeast termed “unterhefe.” The fermentation is effected in comparatively 
shallow backs or squares, placed in cool cellars, where the atmospheric temperature is not allowed 
to exceed 8° to 10° (46° to 50° F.). The process requires three or four weeks, the carbonic acid 
gas being disengaged in very minute bubbles, that carry up a mere film of froth. The insoluble 
gluten or yeast is deposited at the bottom of the fermenting vessels as a viscid sediment, the 
unterhefe. This deposited yeast is gluten oxidized in a state of eremacausis, or slow combustion 
whilst the ordinary surface yeast is gluten oxidized in a state of putrefaction, and the former 
when added to wort at a low temperature, is incapable of causing the direct oxidation of the glnteil 
dissolved in the wort, although it possesses the power of causing the transfo:^ation of the saccharine 
matter info alcohol and carbonic acid. In the Bavarian process, the oxidation of the gluten has 
to be effected by the action of the atmosphere, and the large area exposed by the fermenting 
vessels, together with the freedom of the surface of the beer from any protecting layer of yeast. 
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giTes every facility for this atmospheric action. It might be supposed that the atmospheric action 
which causes the Bavarian beer to deposit its ginten would also induce an acetic fermentation in 
the wort. Such an occurrence is prevented by the low temperature maintained in the fermenting 
rooms, a temperature below that at which acetic fermentation of alcohol will take place. 

The unterhefe employed by the Bavarian brewers may, by some expenditure of time and trouble, 
be prepared from ordinary yeast. If some of the latter be added to wort at the low temperature of 
8° to 10°, and a slow fermentation allowed to take place, the yeast will be partly deposited and 
partly carried up to the surface. If this deposited yeast be collected to produce another fermenta- 
tion, this will result in the deposition of a bottom yeast still more resembling unterhefe ; and by 
repeating these operations, unterhefe is at length obtained. 

It is in very many instances desirable that a similar arrangement should be provided, in other 
countries than Bavaria ; for during the summer months the high atmospheric temperature pre- 
vents, to a great extent, successful brewing of the best kinds of malt liquor, and loss of time is 
occasioned to the brewer. With a view of affording a more perfect control over the process of fer- 
mentation, Barclay Walker, of Warrington, designed an atmospheric tnu-room attemperator. It 
consists of a fan, by the aid of which a supply of air is forced to traverse a number of flattened tubes 
immersed in cold water, or surrounded by ice or a freezing mixture ; the air, after being thus cooled, 
is led off by pipes extending over the range of tuns in the tun room. From the pipes, branches are 
led down into the tuns, these branches being furnished at their lower ends with perforated roses, 
which distribute the cold air a short distance above the surface of the wort. Each branch is fur- 
nished with a elide, so that the supply of air to each tun can be regulated. By this arrangement, 
the temperature of the air above the surface of the fermenting wort can be kept at that point 
which produces the best results, and a command over the process is given which cannot be obtained 
under ordinary circumstances. 

Where yeast cannot be got by exchange, it may be originated from a mixture consisting of 
14 lb. of grated potatoes, a similar quantity of molasses, coarse sugar, or honey, mixed with 
3 gallons of water at a temperature of 21° to 24° (70° to 75° F.). This mixture should be set in 
a warm place until it ferments, and then mixed into three times its quantity of fresh first wort trom 
the mash tun. This yeast is often made by distillers, and is known under the term of “ bub.” 
When the brewer is compelled to use bub, he ought to employ it on a small brew, to raise barm for 
future brews. The quantity proposed will ferment 40 or 50 barrels. 

It may be here recapitulated that in the best practice good brewing depends upon careful malt- 
ing, so as to have the malt always in the same condition of freely yielding the extract required from 
it. Careful curing of the malt on the kiln at the time of drying, and storing it in suitable 
backs, so as to retain the properties acquired in the kiln. To keep these backs of a size that when 
opened will allow of their contents being used, before the malt loses its curing, or suffers the slightest 
decomposition ; the only alternative being to re-cure the malt so that it may be sound when it comes 
to the mash tun. In mashing, to wet the malt first into a thick mash within the point of the 
ultimate temperature, so far as to allow the variations in the heat of the malt nnder use to expend 
itself within the given ultimate temperature, and thus prevent the setting of the mashes, and the 
passing to the fermenting tun of pasty, unconverted materials that may afterwards decompose in 
the beer. This wetting process should produce a homogeneous temperature of 65° (150° F.), and 
immediately after this wetting hotter water should be turned on, and the mashing rakes started to 
bring the temperature to 69° (156° F.). 

The mash, after standing one hour and three-quarters, should have the sparge temperature 
regulated, to keep the goods at 69° for two and a half to three hours from the time of setting the 
tap ; and if the goods are not extracted by this time, the water must be lowered in temperature 
10° or 14° (20° or 30° F.) or more, if necessary, to bring the goods in the tun to 65° by the time 
the extraction is complete. In mashing, time and temperature may be considered nearly synony- 
mous terms ; preponderance of heat should be compensated by reduction of the time during 
which the goods are exposed. In sparging, if the goods heat rises to 70° (158° F.), or even 71°, 
the sparge-water temperature should be lowered for the first half hour, or for a whole hour, sooner 
than the three hoTirs given as a standard period of high heat exposure, so that the goods will 
have been brought to 65° at the end of the process. If second mash and a sparge be the method 
followed, the second mash heat may be 69°, like the first, but the sparging to follow ought to lower 
the mash apparatus gradually to 65° at the end of the mash ; and if a third or fourth mashing 
must be taken, neither ought to make the goods over 65°. 

Vatting and Fining . — It was formerly the practice of the London brewers to keep immense stoeks 
of their porter in store for eighteen months or two years. The store vats, some of which were of 
enormous size, were m#de of well-seasoned oak strongly hooped, and their heads were covered with 
sand, so as to exclude the air as much as possible. At the present time, the practice of vatting 
beer for long periods is not followed. 

At numerous breweries, it is the practice to pump or run the beer from the cleansing rounds to 
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settling tanks or racking squares, and after allowing it to deposit any floating matters, to draw it 
off direct into casks. In caaking pale ale, from J lb. to IJ lb. of fresh choice hops a barrel is added ; 
these hops materially assist in keeping the ale, and also impart to it a fine aroma. 'Stock ales also 
receive about 1 lb. of hops a barrel when cashed. The pale ale should be kept in cask at least six 
months before being consumed, and if well brewed it may be kept from twice to three times that 
period with advantage. London porter now seldom remains in a vat more than a month, and as a 
rule it is stored only for a day or two. The change effected in beer by storing it in close vessels 
appears to be due to an insensible fermentation, which goes on for a considerable time, resulting in 
the impregnation of the liquor with carbonic acid gas. Ure considers that the quality of the beer 
never remains stationary when in the store vats, and that from the moment it ceases to improve 
it begins to deteriorate by acetic fermentation. 

To clarify beer, finings, made usually from isinglass, are frequently employed. Finings are 
prepared by placing the isinglass, or other materials, such as sole skins or sounds of cod-fish, in a 
vessel, and covering it to a depth of 5 or 6 inches with vinegar, or sour old beer. When the isinglass 
has softened and swollen up, so as to absorb this liquor, a further supply of sour beer is added, and 
the mixture well stirred up, the process being repeated until the whole becomes of a uniform 
consistency. In some breweries this pulpy liquid is mixed with weak bright beer, and strained 
through a hair sieve ; whilst in other cases it is thinned with the bright beer, and then allowed to 
become clear by depositing the insoluble matters in settling tanks. The final gravity of the 
finings should be about 1 * 025. 

In using finings, they should be first mixed with a large bulk of the beer to be clarified, and after 
agitation the mixture should be poured into the main body, and well stirred in. After this the 
beer should be allowed to stand about twenty-four hours, when the impurities will be deposited. 
Ure considers that the clarifying action of isinglass is due to the tannin of the hops combining with 
the fluid gelatine, and forming a flocculent mass which envelops the muddy particles of the beer 
and carries them to the bottom as it falls. 

Isinglass varies considerably in value, and it is important that brewers should have a ready 
means of judging of its quality. The best isinglass consists almost entirely of gelatine, and does 
not contain more than 2 per cent, of substances insoluble in water. One method of testing 
isinglass consists in placing a known quantity of it in water, boiling and weighing the insoluble 
matters that may be separated by straining the solution. Another test consists in steeping the isin- 
glass in spirits of wine, in which gelatine is insoluble, and then adding a few drops of tincture of 
galls. If a deposit is formed, it shows the existence of impurities ; whilst if the liquid remains clear, 
there is a strong presumption that the isinglass is of good quality. A practical and simple method 
of testing the value of isinglass or of other materials used in the manufacture of finings consists in 
dissolving a given weight of the isinglass to be tested in a fixed quantity of sour beer, and then 
pouring the solution into a funnel, the neck or spout of which is carefully bored out to a known 
diameter of about ^ inch. The solution is allowed to flow from the funnel into a graduated glass 
measure for a period of time measured by a sandglass, and the quantity of solution which has run 
through in this time indicates the quality of the isinglass. The higher the quality, the thicker will 
be the solution, and the more slowly it will flow from the funnel. 

Graham remarks on the general process of brewing, that the simplest arrangement is to carryout 
the fermentation through its first stages in the fermentation square or round, and afterwards to 
complete the secondary fermentation in settling squares. This method is less wasteful and is very 
efficient. But in carrying out such a process exceeding care must be taken that in the settling 
square the beer should be covered with a layer of carbonic acid, or in otljer words the gyle must be 
run off into the settling square before it is become dead. Graham further remarks that a rapid pro- 
cess is not always attended with equally excellent results, and those specially engaged in preparing 
store ales must bear in mind that it is quite impossible for them by any rapid driving process to 
produce an ale of the highest excellence in a short space of time. With proper treatment of store 
ales, it occasionally happens that they become sour, and in such cases it is necessary to employ 
materials that contain quick lime or ottier acid-neutralizing agent. 

In bottling ales, it may be necessary for the bottler to carry on the German system of slow feed- 
ing, and as it is illegal to employ sugar for the purpose, the brewer should be called upon to supply 
a few barrels of wort excessively rich in sugar, and containing but little of the malt extract. This 
wort ought to be very highly charged with bisulphite of lime. When the store cask is fed with a 
little of this wort, a small quantity of bisulphite introduced into each barrel will do good rather 
than harm, and there is thus the advantage of slowly feeding the store cask and not in any way 
running counter to the excise laws. 

If beer containing yeast cells is heated to a temperature of 50° to 60° (1208 to 140° F.), the yeast 
cells are killed. Graham proposes a process based upon this discovery of Pasteur’s. The beer 
should be run from the store cask and corked with a paraffined cork, that is with a cork saturated 
with paraffin wax, by which the loss that occurs from the cork giving insufficient protection against 
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presanre is avoided. The next process is to destroy the ferment in the ale itself, because however 
bright the ale may be, there are always floating on it minute yeast cells. If the ale were placed in a 
bottle and heated to a suflJcient temperature to destroy these yeast cells, ale that did not contain 
sufficient carbonic acid would be unpleasant to drink because it would not effervesce. It is necessary 
therefore for the bottler to charge each bottle with carbonic acid ; and this may be done by merely 
allowing the bottles to remain until there is produced in the ale enough carbonic acid by subsequent 
fermentation — a process occupying two or three weeks. When the ale has thus obtained sufficient 
carbonic acid, it must be heated to about 60°. But if the bottler be pressed for time, and the ale 
is very flat and is required for immediate export, carbonic acid may be forced into the ale by an 
ordinary carbonic acid apparatus, and the bottles afterwards heated. In heating Burton ale 
up to 60°, there is a lessening of the amount of haziness due to albuminous matter, and with 
Edinburgh ale there is a very distinct improvement in the brilliancy. In the public-house and 
restaurant, beer is sometimes fed with molasses or is rendered sparkling by the use of carbonic acid 
apparatus. 

The racking of beer is an operation nearly obsolete in England and Scotland, and, when 
followed, is employed only from the necessity of supplying small purchasers. As a rule, racked 
beer becomes stale and unpalatable before the barrels are emptied. But any attempt to deal with 
porter without racking would prove a failure, as its lees are very bitter and nauseous. The turning 
over of these lees when the casks are moved to be sent out is certain to impair the flavour. To 
produce the head, which is an essential feature of draught porter, as without it the beer is unpalat- 
able, the porter is mixed, previously to being sent to the consumer, with new unfermented wort, 
and the mixing is most conveniently efieeted on the racking system. The mixing material has 
technically the name of fillings, and is wort taken from the cooler at the same time that the fer- 
menting vat is filled. This wort is put into open-ended puncheons, and lightly harmed with a 
quart of yeast a puncheon, to prevent spontaneous fermentation until required for use. The pun- 
cheon first required for use is given extra barm in the quantity of about half a gallon, and all the 
puncheons, in their successive order of use, are given as much additional yeast on the night before 
they are required as will make them ready for the next day’s use. If the fillings vessels are in 
underground cellars, their temperature will not need raising artificially, but in winter, if exposed, 
the temperature of small quantities will become too low to form a head without pan-heating to 
18° or 19° (64° or 66° P.). In Ireland, where a brisk porter is in demand, small service vats are 
filled in the night with proper proportions of new and old porters, ready for the next day’s demands. 
A similar procedure is followed by the London retailers. Fillings are used principally for draught 
porter, and the allowance ranges from 10 to (20 per cent., as the stock is new or old. The best 
draught porter is obtained from matured, well-attenuated old porter, mixed with 15 to 20 per cent, 
of rich nnfermented raw wort or fillings. 

Cellaring in England, as compared with Continental storing, has a disadvantage in the want of 
ice ; and the ice machine, the substitute for ice, ought to be in every brewery, so as to afford the 
brewer the moans of readily lowering the temperature to a point of comparative safety. Ice itself 
is not a necessity ; water at 4° (40° F.) is fully effective, and not very costly to produce. It would be 
advantageous to employ some special means of cooling transit casks before they are sent out in the 
hot weather, as their contents, however good before leaving the brewery, often refuse to fine, and 
even if they do fine, become tart. 

Beers for use at the end of the season should be deposited in the cellars of the publican in the 
spring, before the frost has left the atmosphere. Such beer ought to be set apart, and the beers 
required up to the commencement of August taken in the meantime from the brewery. Beer 
deposited in a cool state in a cool cellar with the publican, and not disturbed, has the advantage 
over that coming direct from the brewer’s cellar, that it is not remixed with its yeast deposits, and 
then heated by the summer’s sun. AU beers ought to go out to the consumer when cleansed, and 
be used in the first fining down, for once fined in the brewery, and turned over in summer, 
and heated in transit, it is improbable that beer will fine again before acetifleation sets in. 
Brewers on this account should not set up store in spring or summer, after the hot weather has 
commenced, but the brewing should stop on the first appearance of heat. It is very bad policy to 
brew in May or June the stock of beer to go out in August or September, with risk of souring, when 
beers can be brewed as well at the end of summer as at the beginning, if the malt is in order. A 
good brewer will clear out his stock in July or August. It is advisable in cellaring to send out 
the best beers first, as in waiting to get rid of inferior beers both may be lost. 

Export beers are made of gravities from 0-40 upwards, rising in stages of O' 5 toO'llo. Exports 
so low as of 0 • 40 are very rare, and the principal article of so low a gravity is a light porter for storing 
in the West Indies anc^in Nova Scotia. Its specific gravity is generally O' 47, and it is made of a 
well-dried malt, one half pale the other half amber and black, and hopped with 12 lb. of good 
Bavarian or American, double boiled. It is sent out in hogsheads from London, Edinburgh, and 
Glasgow. The usual export beers commence at O' 50, and generally average O' 55, O' 60, and O' 66. 
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Bottled beer generally baa a gravity of 0*70. Beer for bottling should be kept nine to twelve 
months at least, and should be brewed from October to May ; it is laid down as an imperative rule 
that such beer should undergo a summer’s heat and autumn’s fermentation in cask in England 
before bottling to be sent abroad. The most economical method of bottling is to run the store hogs- 
heads and butts otf, dry to the hop, into vats containing about two days’ supply, and there fine it 
down a week before it is wanted. These vats ought always to be well sulphured before filling. 
Casks for export are always now steam seasoned, being set on end with the steam jet in the tap- 
hole ; the bung-hole is filled up with an old shive having an open spile-hole in it by which to learn 
the pressure of the steam. This method is preferable to that of steaming casks on their side® 
through the bung-hole, a system that is the cause of breaking large quantities of bung staves. Old 
casks should not be steamed, but should be filled with water to which a handful of quick lime is 
added. E. S. 

Cider. (Fe., Cidre ; Geb., Apfelvoern .') — Cider is an alcoholic beverage made by fermenting 
the juice of the apple. It is largely prepared in different parts of England, France, and the United 
States, where the fruit is chiefly cultivated. 

Cider, like wine, is the product of the juice of a sweet fruit ; it contains alcohol, extractive 
matters, acids, and salts, and it possesses a flavour and aroma which are agreeable to nearly every 
taste. Cider, as usually made, contains a much smaller proportion of alcohol than most wines, and a 
much larger proportion of gummy and nitrogenous substances ; the acids, while they impart to it 
refreshing properties, are more enfeebling to the system than tartaric acid; its taste is not so 
pleasant to the palate as that of wine, and its effects are not nearly so powerful. The nitrogenous 
substances, although making the drink more nutritive, render it liable to decompose and be 
spoiled. 

In spite of the many different opinions on this subject, cider, if carefully prepared, is a very 
excellent beverage, and second only to good wine ; it possesses many qualities which render it in 
many respects greatly superior to beer. Unfortunately, however, both in England and abroad, so 
little care is bestowed upon the preparation of this drink, and such antiquated and faulty methods 
are employed, that the ordinary cider of commerce is a far inferior article to what might be made 
by processes based upon scientific principles and conducted with more care and discrimination. 
The inferior quality, made from unripe fruit and not carefully fermented, is decidedly unwholesome, 
and its consumption liable to cause colic. 

The best cider contains from 8 to 10 per cent, of alcohol ; and the ordinary varieties, from 4 to 
6 per cent. The former kind is made at the present day in Normandy, New Jersey (U.S.), and 
Herefordshire, the remainder being chiefiy made in Devonshire and Somerset. 

The following table represents an average analysis of the apples and pears used in cider- 
making: — 



Apples. 

Peabs. 


Unilpe. 

Ripe. 

Mellowed. 

Unripe. 

Ripe. 

Mellowed, 

Water 

85-50 

83-20 

63-55 

86-28 

83-28 

67-73 

Sugar 

4-90 

11-00 

7-95 

6-45 

11-52 

8*77 

Vegetable matter 

5-00 

3-00 

2-06 

3-80 

2-19 

1-85 

Gum 

4-01 

2-11 

2-00 

3-17 

2-07 

2*62 

Albumen 

0-10 

0-50 

0-06 

0-08 

0-21 

0-23 

Acids (malic, pectic, tannic, &c.) 

0-49 

0-50 

0-60 

0-22 

0-13 

0-65 


100-00 

100-00 

76-10 

100-00 

100-00 

76-85 


The loss of 23-9 per cent, in mellowed apples, and of 23-15 per cent, in mellowed pears, is 
due to the evaporation of the water and the decomposition of a portion of the organic matter 
especially of the sugar, which is converted into alcohol and carbonic acid. The sugar which is con- 
tained in the ripe fruit is sufficient to furnish from 3-12 to 7-34 per cent, of alcohol by volume. 

The keeping qualities of the fermented juice of apples and pears depend upon the presence of a 
sufficient quantity of alcohol and sugar, and upon the absence of all nitrogenous, fermentable 
matter, especially of aromatic principles, which are abundant in the uufermented juice. Unless 
alcohol be present in the fermented juice in the proportion of 18 or 20 per cent, by volume the 
latter is certain sooner or later to undergo acetous fermentation. Now, ciders made from the juice 
of the apple alone, without any addiiion of water, cannot possibly attain a higher richness than 
from 3 to 7 per cent, of alcohol, which gives an average of 5 per cent. for%)mmon ciders, or only 
one-fourth of the proportion required to ensure its keeping. From this it is clear that the 
alcohol alone will not prevent the drink from undergoing acetous fermentation, but that the 
absence of any fermentable principle must also be ensured. In order to render the fermented 
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cider preservable, the apple juice should, at the time of fermentation, always stand at 8° or 10° B. 
But since this proportion of sugar will not produce a sufficient quantity of alcohol to prevent 
an acetous fermentation from taking place, it should be considered only as an auxiliary to certain 
other precautions, to be treated of later. 

It may be assumed, from what has been already said, that 5 per cent, of alcohol is a sufficient 
quantity, provided that the causes of after-fermentation have been carefully removed, but that a 
larger quantity, if it can be obtained, is much to be preferred. 

Besides increasing the density of the juices, and thus augmenting the proportion of sugar con- 
tained in them, there is another method by which the saccharine richness of the “ must " may be 
considerably raised, and this method is by far the best, notwithstanding the time which it occupies. 
It consists ill gradually replacing the ordinary and less sweet varieties of apple by those which are 
much richer in sugar, and this is by no means impossible, or even difficult. It is true that there 
exists still a deep, but utterly unfounded prejudice against sweet apples among cider-makers ; this 
prejudice, however, may be easily combated, since it is opposed to the first principles of fermentation 
and of oeuological science. Unless the fruit employed for cider-making contain a proper quantity of 
astringent substances, it is true that the product ob'ained from it is subject, thoiigli only after an 
incomplete or careless fermentation, to the annoying accident termed “ viscous fermentation.” It is 
owing to this that cider, made by the usual faulty process, from sweet apples, is more liable to 
alteration than that made from apples containing less sugar. But this objection loses all its force 
wlien the process has been carried on upon sounder and more correct principles, and hence it is 
that cider-makeia have, in thtir ignorance, been compelled to make use of fruit containing but 
little sugar, and thus to produce cider insufficiently rich in alcohol to be either agreeable to the 
taste or capable of resisting acetifleation and other vexatious alterations. It should be remembered, 
that the more sugar any fruit contains, the more alcohol it will yield, and the smaller, con- 
sequently, will be the chances of any subsequent alteration of the product, provided that certain 
substances favourable to alteration have been carefully eliminated. 

Although it has been stated that it is advisable to employ only the sweetest apples obtainable, 
the cider-maker must be cautioned against excluding those varieties which are rich in tannin, or 
the astringent principle. He should always have in view the cultivation of a fruit containing the 
maximum of both sugar and tannin. Apples and pears, which are at the same time very sweet and 
very bitter, furnish the elements of a beverage which will be rich in alcohol, i nd which can be 
kept for a very long period without degenerating. Sugar yields alcohol in proportion to its own 
abundance, and the tannin, by partially or entirely removing the albuminoijs matters, effectually 
protects the fermented drink from being spoiled by after-fermentation. 

Referring to the analysis given above, the average composition of the fruit in all three stages 
will he found to be represented by the following figures : — • 


Water 77 ‘40 

Saccharine matter 7 '95 

Gum and mucilage 2*70 


Albumen 0-22 

Malic, pectic, tannic acids, &c, ., 3-83 

92-10 


By removing the water, and leaving the fruit perfectly dry, the following figures are obtained : — 


Grape sugar 64-26 

Vegetable tissue 17-53 

Gum 12-33 


Albumen 2-92 

Malic acid, &c 2 92 


99-96 


From these figures, it will be seen that by subjecting the fruit to a process of desiccation it is 
possible to give to the product any alcoholic strength desired, and the necessity of improving the 
must by the addition of sugar or glucose is thereby entirely avoided. If it be admitted, for example, 
that ripe apples contain 1 1 per cent, of sugar, this corresponds to 8 per cent, of pure alcohol by volume, 
and it will be easily possible, by the addition of dried fruit, to increase the strength to 10 per cent., 
which is about that of the common French wines. It requires 16 per cent, by weight of sugarto give, 
theoretically, 8 per cent, by weight, or 10 per cent, by volume, of alcohol, and such a quantity of 
dried fruit as will bring the product up to, at least, this strength should be added to the must. 
This would mean, on an average, 5 per cent, of sugar to be added, which would correspond to about 
7 lb. of dried apples. Since the desiccation is never by any means complete, as assumed above, 
this quantity should be doubled, in order to afford to this must an alcoholic richness of 9 to 10 
per cent., which strength would greatly improve and ensure the preservation of the finished 
product. 

In order to bring int^ practice the plan just described, it is necessary only to keep a large stock 
of dried fruit of the best varieties, and to add this in proper quantities to the unfermented juice ; 
by this means, cider of the very best description, and capable of being kept for a great number of 
years, may be easily prepared. The same result might doubtless be obtained by concentrating a 
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quantity of the must to the consistency of a syrup and adding it to the ordinary must : this method 
would probably be more easily practicable and more economical than the one just described. 

When the juice of the apple has been extracted by the best method possible, and its active fer- 
mentation hiis been conducted for a sufficient length of time and at a proper temperature, it only 
remains to remove all foreign matter, whether suspended or settled down; to clear the cider 
thoroughly from all soluble albuminous matter, whether coagulable or non-coagulable ; in short, to 
submit it to a complete defecation, in order to allow of its being kept without fear of spoiling. 
This should be effected by drawing it off carefully after the suspended matters have settled down ; 
clarifying it carefully by the ordinary methodical processes of refining ; guarding it against the 
adverse influences of air and warmth ; and by exercising as much care over these processes and 
over the product itself as is customarily bestowed upon wines from the grape. 

Careful attention to all the points here enumerated is alt that is required to produce a really good 
beverage, and one that will not be inferior to many wines, instead of the crude, harsh-flavoured drink 
that is commonly sold under the name of cider. 

Before pointing out the method of putting into practice the improvements suggested in the fore- 
Sioing paragraphs, it is desirable to describe the old-fashioned processes, which are still generally 
followed. 

Common Method of Cider-making . — The apples used in cider-making are just, or nearly, ripe when 
gathered, a state that may be recognized by their appearance and odour, or by the blackness of their 
seeds. Those which fall, or are gathered before maturity, are laid aside for a week or ten days, in order 
that they may become mellow ; any which may have become rotten during this time are carefully 
picked out and rejected. In some places, it is the custom to preserve all the fruit, whether ripe or 
unripe, for a certain length of time, varying from a week to six weeks, care being taken not to let the 
apples lie until they become pulpy, as in this condition they are wholly unfit for cider-making. 
They are next ground in a mill, in order to break up the cellules and set free the saccharine juice. 
When much fruit is being dealt with, the old-fashioned horse-mill is still in vogne. It consists of 
a circular stone trough, in which a large stone wheel is made to revolve on its edge ; the apples are 
poured into this trough and crushed by the wheel, which is turned by a horse, or by two horses, 
much in the same way as the tanners grind their bark. When about half ground, a little fresh 
water is added to the mash. In such a mill, three or four hogsheads of apples may be ground in the 
day ; but the cider has usually an unpleasant taste, acquired from the rinds, stems, and seeds of 
the fruit, which in these mills are much bruised. Another and better mill consists of two east-iron, 
fluted cylinders, onq of which is turned by a handle and communicates its motion to the other. 
These are fixed in a wooden case, and the apples are fed in through a hopper placed directly 
above. The crushed fruit should be passed twice through the mill in order to extract the whole of 
the juice. This mill will crush fruit enough in one day to make nearly twenty hogsheads of cider. 

The next operation is to press the crushed fruit, which is performed after it has stood for 
about twelve hours, at the most, in a wooden tub or cistern. Here, fermentation commences, 
and the breaking up of the cells takes place, by which the subsequent separation of the juice is 
much facilitated. The crushed pulp is then placed in hair-cloth or coarse canvas bags, and allowed 
to drain into suitable receivers, after which it is subjected to a powerful pressure in the cider-press, 
a large screw-press. The juice which runs away is at first foul and muddy, but is afterwards 
as clean and pure as if filtered through paper. It is common to throw away the remaining thin 
dry cakes of pressed pulp, as useless, or to feed pigs with them ; or sometimes it is ground a second 
time with water and pressed for an inferior kind of cider, which is very weak, and must be drunk 
at once, as it will not keep. The first runnings may be strained through a sieve ; the whole is then 
placed in large casks, filled to the brim, where it soon begins to exhibit tumultuous fermentation • 
the froth or yeast which collects upon the surface of the fermenting liquor is always removed. 
A bung-hole aflbrds a sufficient exit for the carbonic acid gas disengaged. The fermentation 
is usually conducted in airy sheds, where the warmth is scarcely greater than that of the open 
atmosphere. If the liquor be much agitated, the process may last only one day; but when 
allowed to remain at rest, the fermentation commonly goes on two or three days, and even five or six. 
No ferment is used. The liquor is then racked or drawn off from the lees, and put into fresh 
casks. A fresh fermentation usually commences after racking, and if it becomes violent another 
racking is often performed in order to check it, in consequence of which the same liquor may 
require to be racked afresh five or six times. It is customary to fumigate the cask before runnino- 
in the liquor by burning inside it a strip of linen coated with sulphur ; this is kindled at one end 
and lowered into the casks through the bung-hole, the bung being immediately replaced. The 
object of this operation, called “stumming,” is to prevent the liquor from “fretting,” or undergoing 
the after-fermentation already mentioned. The casks containing the oi^er are then stored in a 
cellar, bam, or other cool place, where a low and regular temperature can be maintained, and left 
to mature or ripen. By the following spring, the cider is considered fit for consumption and 
bottled or re-racked for sale. 
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Cider is made of three different qualities : rough, sweet, and bitter. In the manufacture of 
the first or lowest quality, very little trouble or care is taken. The rougher the drink, the ferther 
it will go, and the more acceptable it is to the working man. A palate accustomed to a sweet cider 
would judge the rough cider of farmhouses to be a mixture of vinegar and water, with a little 
dissolved alum to give it roughness. The method of producing this austere liquor is to grind the 
fruit in a crude, unripe state, and subject the juice to a full fermentation. For sweet cider, the 
sweeter fruits are chosen and ground in a perfectly ripe state, the fermentation of the juice being, 
also, checked before completion. To produce the bitter cider, particular varieties of fruit must be 
used, and the season in which it is matured must be taken into consideration. 

The temperature at which the fermentation is conducted is a matter of much importance, though it 
very rarely receives from cider-makers the attention it requires. The juice, when expressed from 
the fruit, is left in a cool place, at a temperature of about 10° or 12°. When, as is frequently 
the case, the juice is permitted to stand in the full heat of the autumn sun, much of the alcohol 
undergoes acetous fermentation, being thus converted into vinegar, to which the unpleasantly rough 
and acid taste of common cider is entirely due. These properties are especially characteristic of the 
cider of Devonshire, in which county but little attention is paid to this part of the process ; the 
result is that the cider will keep, at the most, only four or five years, whereas, that made in 
Herefordshire and Worcestershire, where the fermentation is more carefully conducted, can be kept 
for a much longer period. 

Before bottling, it is customary to improve the flavour or strength of weak cider, and for this 
purpose there are many plans in use. The want of strength is supplied by brandy or any other 
spirit, in suflSoient quantity to prevent acetous fermentation. To supply flavour, an infusion of 
hops is sometimes added, which is said to communicate an agreeable bitterness, and at the same 
time a fragrant odour. The want of colour is sometimes supplied by elderberries, but more 
generally by burnt sugar. Isinglass, eggs, or the blood of oxen are often made use of to refine and 
brighten the liquor. The proper time to bottle cider depends greatly upon the quality of the liquor 
itself; it can seldom be bottled with propriety until a year old, sometimes not until it is two years 
old. It should have just acquired its utmost degree of richness and flavour in the cask ; and this 
it will preserve for many years in bottles. The liquor called “ ciderkin ” is made of the marc or 
gross matter remaining after the cider is pressed out. To make this liquor, the marc is put into a 
large vat, with a proper quantity of boiled water which has just become cold ; the whole is left to 
infuse for forty-eight hours, and then well pressed. The liquor which runs out from the press is 
immediately tunned up and stopped ; it is fit to drink in a few days, and serves in families instead 
of small beer. 

Improved Method of Cider-making . — When the juice of any fruit is required for use, it is a matter 
of much importance that as complete an extraction be made as possible, since the economy 
of the entire process depends primarily upon this. It is not effected easily, even by maceration, 
unless the vegetable tissue has previously been thoroughly disintegrated, in order to break open the 
minute cellules of which it is composed, and thus to set free the saccharine juices held in them. 
The more carefully this disintegration is conducted, the more easy is it. by mechanical means, to 
effect a thorough extraction ; and an incomplete disintegration not only leads to very poor results, but 
also renders it necessary to employ a process of maceration in order to obtain all the sugar, instead 
of submitting the pulp to the action of a press, which is a far quicker and more economical method. 
To obtain, therefore, the maximum yield of juice from his fruit, the cider-maker should consider 
it an indispensable condition that the apples be thoroughly crushed or ground before subjecting them 
to pressure. 

Many different forms of apparatus are employed in crushing the fruit. The ordinary horse-mill, 
in which it is ground to a pulp by means of a circular stone wheel, described above, presents many 
disadvantages, to all of which the manufacturer still persists in shutting his eyes. It requires an 
enormous amount of labour, and it consumes far more time than is necessary. Besides this, in such 
a mill, the pippins or seeds of the fruit are crushed as well as the pulp, a contingency which ought 
to be carefully guarded against. The seeds of apples contain 25 per cent, of a colourless fixed oil, 
which is not absolutely injurious; but they contain also a minute quantity of a volatile essence, 
closely resembling, if not identical with, the oil of bitter almonds. This oil, if present in cider in 
any quantity, effectually covers the flavour of the drink, and exerts a most powerful action upon the 
nervous system, and particularly upon the brain. To its presence are probably due the prolonged 
intoxicating effects and the serious disorders which follow excessive indulgence in this drink. The 
breaking up of the seeds does not render the cider more alcoholic, but it adds greatly to its intoxi- 
cating effects, and should therefore be avoided in every possible way. 

Another mill, used^only in England, and much to be preferred to the one just mentioned, con- 
sists of two cylinders, having a number of knife-bladra attached to them ; these move in opposite 
directions, and reduce the fruit, which is fed in from above, to small slices. The apples, thus 
divided, fall between two other cylinders, made usually of gr-mite, which crush them to a pulp of 
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more or less fineness, according to the distance apart at which the cylinders are placed. By this 
means, the fruit is prepared for the press without any danger of bruising the seeds and stems. 

A machine, preferable to either of the above for crushing apples, was devised by Berjot, and is 
now used in France; it is shown in Figs. 308 and 309, from which a good idea of the method of 
working will be gained. The two vertical wheels are of granite ; they work in opposite directions, 
and may be regulated to stand at any required distance from each other. The apparatus m worked 
by horse-power, and can be made to crush 5 bushels of apples a minute. One of its chief merits 


309 . 



is that there is no iron used in its construction ; contact with this metal is very injurious to the 
quality of the juice. It may be used for a variety of other purposes besides crushing fruit; 
it occupies but little space, and, by reason of its extreme simplicity, it is very readily repaired. 
Manual labour may be employed to woik it if desired. This mill is decidedly the best at present 
in use, and we recommend it, above all others, to the cider-makers of this country. 

The fruit having, by tlie above metliod, been reduced to a kind of pulp, and a large quantity of 
its juices expressed, the next operation is to extract, if possible, the whole of the remainder. If this 
extraction were completely efiected, 100 lb. of apples would yield nearly 98 lb. of must for fermen- 
tation. Nothing like tliis quantity is, however, obtained at present, the deficiency being made up 
by the addition of water. It is true that no apparatus has ever been devised by which it is possible 
to extract the whole of the saccharine juices ; but it is easily possible, with improved machinery, 
to get a yield of at least 70 or even 75 per cent. Moreover, by the application of the principles 
of maceration to tlie residues, or mares, this yield might be increased to about 90 per cent., and 
a residue left equal to no more than one-tenth of the original weight of the mass. Whereas, with 
all the large and clumsy apparatus at present used, and aU the labour expended, a yield of more 
than 45 per cent, is rarely obtained. 

Many presses have been devised to take the place of the huge, old-fashioned cider-press. This 
unwieldy piece of mechanism often covers an area of 50 square yards, and requires the united 
strength of fifteen men to work it ; and yet, though many ingenious and labour-saving substitutes 
have been invented, this cumbrous monstrosity is still retained in many of the cider-producing 
districts of England and France. 

Of the improvements referred to, the best and most convenient is the hydraulic press ; unfortu- 
nately its price prevents its economical use by makers who produce only small quantities, but 
where the make is considerable it is to be preferred to any other. In small farms, an ordinary 
small screw press may be used with advantage. It is shown in Fig. 310. It will be seen that the 
principal screw turns two others, which are placed one on each side of the former ; by this means, the 
upper plate is subjected to a more uniform pressure, and better results are obtained than with a 
single screw. It furnishes a yield of 65 to 70 per cent, at the first pressing. 

The practice of submitting the crushed pulp to maceration, in order to extract tlie remainder of 
the juice, may be recommended without any hesitation. Two principal methods may be employed, 
according as it is desired to use the process simply as an auxiliary to the work of the screw press, 
or as a means for the extraction of the whole of the juice. 

In the first case, as much as possible of the juice is obtained by means of the press, the pulp 
being enclosed in bags ranged in rows, separated from each other by hurdles of wicker-work. The 
bags, when taken from the press, are placed in a tub, and subjected to the action of a sufiScient 
quantity of tepid water for an hour. After this first maceration, they should «e removed and placed 
in another tub with more water, while other bags are being put into the first tub. This is con- 
tinued until the pulp has been subjected four successive times to the action of water of decreasing 
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density, when the contents of the first tub will have acquired the density of the natural juice. The 
macerated pulp is afterwards pressed, the resulting liquid being used instead of pure water for the 
maceration of new supplies. 

In the second case, when the maceration is required to extract the whole of the juice, the 
apparatus is not quite so simple. It is shown in Fig. 311. The four vessels, A, B, C, and B, may 
be made of wood ; there may, with advantage, be six instead of four, in order to ensure the perfect 
maceration of the fruit. The cylinders E and F should be so constructed as to serve, should 
occasion require it, as receptacles, or as heating apparatus. When steam cannot be had, a coiled 
tube may be placed in each of these, through which may be passed the products of combustion 
from an ordinary stove. 

If the cylinder E contains liquid which it is required to raise into A, the register or regulator, 
which admits the heated gases into E, is opened ; the liquid thereby becomes heated, and the 
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steam produced drives it up the tube into A, If, on the 
other hand, it be desired not to heat the contents to the 
boiling point, a small air-pump may be coimected to M, by 
means of which the liquid can be driven up into A whenever 
the requisite temperature is reached. This latter method is 
preferable, since it is not advisable to heat the juice to a 
higher temperature than 70° (158° F.), in order to avoid 
the coagulation of albumen in the must. 

The fruit is, of course, prepared for the process by slicing with ordinary root-cutters. The 
liquid, when equal in density to the pure juice, is nm directly into the fermenting vats ; the 
exhausted slices may either be pressed, or used at once as food for cattle. 

All the technical and mechanical questions concerning the advisability of macerating the fruit 
have been answered already by the success of the process in the extraction of sugar from the 
beet. There is now no reason why it should not be employed with equal success in the preparation 
of cider. 

Assuming that the juices of the apple have been extracted by either of these methods, and that 
all the precautions urged above have been carefully taken, the cider-maker has in his hands a must 
containing more or less saccharine matter, which requires only the process of fermentation to 
convert it into good cider. The same rules which regulate this operation in the case of wine, or 
any other alcoholic beverage, are applicable to this drink also ; and all those conditions which 
have been previously pointed out in the article on Alcohol as indispensable to its proper conduct 
must be scrupulously observed by the cider-maker desirous of success. And there are other 
conditions which he must not neglect in order to produce an article of good quality, containing a 
sufficient proportion of alcohol. One of these is to avoid too slow a fermentation, which invariably 
tends to produce lactic acid in place of alcohol, and in a very large proportion when the must 
contains much gum, dextrine, or viscous substances. If nitrogenous matter be present together with 
these, they will be decomposed, giving rise to myriads of fermentable germs, which cause the 
alteration and ultimate ruin of the product. A hurried fermentation is no less injurious : it 
produces the formation of acetic acid at the expense of alcohol, thus affording the harsh, disagree- 
able flavour which characterizes nearly the whole of the cider made at the present time. Above 
everything, care should be taken to see that the must contains water and sugar in correct propor- 
tions before submitting it to fermentation. The cider-maker, for the sake of increasing his yield, 
too frequently commits the serious blunder of diminishing an already inadequate proportion of sugar 
by additions of water to his must, thereby rendering it impossible to produce a drink of sufficient 
alcoholic strength. A must containing too little sugar infallibly gives rise to a bad fermentation. 
Acetic, lactic, and visco* fermentations ensue, in inverse proportion to the saccharine richness of 
the unfermented liquor. To avoid this, the maker must take every precaution to ensure a sufficient 
quantity of sugar therein, and he must not on any account whatever diminish it by the addition of 
water. By observing a simple rule, he may produce a cider equal in every respect to many wines. 
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and capable of being preserved for any length of time. This mle is as follows : — To see that the 
saccharine density of the must is as high as 10°‘5 Baume; or, since other soluble matters are 
present besides sugar, which raise it as much as 1°"5 or 2°, the total density of the must should 
stand at from 12° to 13°'5 Baume. 

Besides having the proper relative proportions of water and sugar, the must should contain a 
sufScient quantity of astringent substances, and these, if not present, must be furnished to it. This 
is necessary to the success of the subsequent operation of clarifying the fermented liquor, which 
cannot be performed by artificial means without the assistance of these foreign matters. Catechu 
is the most convenient, on account of its comparative cheapness, and also because it imparts no taste 
to the drink. The quantity to be added varies, of course, with the natural astringenee of the juices, 
but, as a general rule, a solution of 30 grm. per hectol. (about 20 grains per gallon) is sufficient. 

The process of active fermentation should be conducted at a temperature of not less than 15° 
(60° F.), and not higher than 25° (77° F.), in order to avoid either retarding or hastening the 
reaction. The process may be carried on in the open air, in vats of sufficient capacity, say 600 to 800 
gallons. When the vat is filled to about five-sixths of its capacity, the sugar should be added, if 
this is necessary, either in the form of good fresh molasses, or of concentrated juice at a density of 
28° to 30° Baume. The solution of catechu is next added, if the must is found to be wanting in 
astringenee ; a good test is to add a little of a weak solution of gelatine, which, in that case, 
produces no precipitate, or a very faint one. The temperature of the must, and of the surrounding 
atmosphere, should then be carefully noted ; the latter should stand at 15° (60° F.) throughout 
the operation ; that of the must ought to be raised to 18° or 20° (64° or 68° F.), either by the 
addition of heated must or by steam. Great attention must be paid to these points of temperature. 

Although the juices contain minute quantities of a fermenting principle, it is always advisable, 
though by no means customary, to add a little good brewer’s yeast ; 15 to 20 grains per gallon is 
quite sufficient. It should be mixed first with a little of the must, and then added to the contents 
of the vat with vigorous agitation. The vat may then be tightly closed, and the process suffered to 
proceed. In an hour, the contents of the vat are in a state of brisk fermentation, and carbonic acid 
gas is disengaged in considerable quantities. It is never necessary either to remove the scum or 
to agitate the liquor in any way. The process is complete when the disengagement of gas ceases, 
and the liquor has fallen in density to 1° or 1°’5, showing that all the sugar has undergone 
conversion into alcohol. It is then drawn off into tuns or barrels, where it undergoes another 
fermenting process. The usual length of the first or active fermentation is about sixty hours. 

The tuns into which the fermented liquor is drawn off hold usually 130 to 150 gallons; they are 
completely filled, and the bung-hole at the top is simply covered with a piece of linen stretched 
across it. As soon as the fermentation recommences, the particles of suspended matter are carried 
to the surface and driven out at the bung-hole ; by this means the liquor becomes considerably 
purified. When this process is complete, which may not be for two or three months, the liquor is 
ready for clarification, which means the entire removal of all the causes of after-fermentation. The 
cider is first racked off into clean casks, which have been well sulphured, as already described. 
Here the process of clarification is performed. If the addition of catechu to the unfermented liquor 
have been made, the soluble albuminoid substances will be removed, by its means, on the further 
addition of a little gelatine or albumen ; more than enough to precipitate the catechu should not on 
any account be added. It is well to subject the cider to another clarification in a few weeks’ time 
especially if it is destined for sale. After this treatment, cider will keep as well as wine, and if 
sufficiently rich in alcohol, it will be much improved by bottling. ’ 

The conditions of preservation are identical in the case of cider with those of the preservation 
of wine. When made from ripe fruit containing much sugar, and when there has been enough 
astringent matter in the must, and the two processes of fermentation have been properly conducted 
and those of clarifying and racking have received due attention and care, there is no reason why 
cider should not be kept for an indefinite number of years, always provided that it be kept in a cool 
cellar, in good casks or bottles, and well out of contact with the atmosphere. ^ ^ 

In concluding this article it wiU be well to recapitulate briefly the most important points in 
the manufacture, and those to which the cider-maker should give his careful attention 

1. Many varieties of the fruit should be cultivated, in order that there may be a certain supplv 
m all seasons; those are especially to be desired which, when just ripe, contain the maximum 
quantities of sugar and tannin. 


2. The apples must not be gathered before they have attained full maturity; they should fall 
to the ground when the tree is lightly shaken. ^ 

_ 3. The gathered apples should be at once protected from rain or frost. If perfectlv rine 

IS no necessity to lay them aside before using. ^ v pe, e 

4. The division of the fruit is best performed by means of root-cutters if maceration alone is to 
be employed to extract the jmee ; or by Berjot’s mill if the press is to be used. 

5. The extraction of the juice may be performed either by maceration or by pressure 
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6. When maceiation alone is nsed, the mnst shonld be brought to the density of the natural 
juices ; in the case of pressure, maceration may be used to exhaust the squeezed pulp, but in such a 
way as not to increase the proportion of water, or to dimi nish the density of the must to less than 
that of the natural juices. 

7. The extraction of the juice by pressure should be performed in a screw press, or hydraulic 
press if in great quantity, of simple constmction, requiring but little power, a«d capable of 
producing at least 65 to 70 per cent, of juice. 

8. The saccharine density of the must should be as high as 8° Bamne for ordinary cider, and 12° 
to 13° ‘5 for cider destined for exportation. 

9. A convenient quantity of catechu (20 grains per gallon) should be added to the must if the 
latter do not show a distinct precipitate when treated with a solution of gelatine. 

10. These additions of sugar and catechu should be made to the must in the fermenting vat ; 
the latter should be rather deeper than wide in order to lessen the surface exposed to the air. 

11. The temperature of the air in the fermenting room should be regulated at 14° or 15° ; that 
of the must shonld stand throughout the process at from 18° to 20° ; the process should be started 
by means of brewer’s yeast (15 to 20 grains per gallon). The vats should be filled to about five- 
sixths of their capacity, and should be covered up as soon as the process commences. 

12. The liquor should be drawn off as soon as the process is complete — after about sixty hours. 
The head or scum should be removed from the surface before drawing off. 

13. The secondary fermentation should be conducted in clean tuns, of 130 to 150 gallons 
capacity, and quite full. 

14. When the secondary fermentation is over, the liquor is racked off, during which process it is 
kept as much as possible from contact with the air, into casks properly sulphured and cleansed. 

15. Clarification mnst be performed immediately after the first racking off. A teat of the liquor 
with gelatine should be made before adding more catechu. 

16. Another racking should follow immediately after the clarification. A second clarification and 
racking off should be performed upon cider for exportation. When made, the cider should be placed 
in casks of 50 to 60 gallons capacity, similar to those used for wine. These should be stored in cool 
cellars. 

17. When sweet cider is desired, the first process of fermentation may be checked as soon as the 
cider has attained the proper degree of sweetness. Secondary fermentation should be hindered by 
frequent repetitions of the clarifying and raokingoff processes, and by well sulphuring the casks. 

Careful attention to all these points cannot fail to result in the prodnotion of an exceedingly 
agreeable and perfectly wholesome beverage, which is certainly more than can be said of the cider 
of to-day. The process which has been described is in actual operation in Normandy, and it yields 
results which are little short of perfection. There is nothing to prevent similar results from being 
attained in this country, and the preparation of really good cider would be a source of much benefit 
to the community at large, since it might to a large extent take the place of beer, a beverage which 
is extensively adulterated, and hence often very injurious to its habitual consumers. Cider is, or 
might be, also much more cheaply produced than beer. The cultivation of apples upon land highly 
favourable to their growth, but now lying utterly waste, such as railway cuttings and embankments, 
woidd in a few years greatly increase the production of fruit, and tend to lower the cost of the 
manufactured beverage. Vast numbers of acres of such land, upon which thousands of tons of apples 
might be grown, with profit to the cultivators and benefit to the community, now, for want of a 
little enterprise on the part of the railway companies, produce nothing but rank herbage of little use 
as fodder, and consequently of no commercial value. The cost of covering this land with apple and 
pear trees would be very small ; and, apart from the value of the fruit itself, the presence of the trees 
would probably be of great service as a means of preventing the boU from slipping. This mode 
of utilizing the slopes of railways has already been partially adopted in some countries of the 
Continent. 

Pebbt. (Fb., Poire ; Gee., Birnwein .') — Perry is another wholesome beverage, resembling cider, 
and made from pears in the same manner that cider is made from apples. The harsher sorts, or 
those that are too tart for eating purposes, make the best perry. 

The manufacture of this drink is exactly similar to that of cider ; and the remarks made concern- 
ing the latter apply, in every particular, to perry. As shown in the table on p. 414, pears contain 
a little more sugar than apples, and consequently yield a slightly larger proportion of alcohol. 

Cocoa. (Pb., Cacao ; Gee., Cacao.) 

Cocoa, a preparation of the roasted seeds of the Thedn-oma Cacao, is very widely consumed in 
various forms. It is wholesome, pleasant flavoured, and highly nutritious ; and the quantities 
in which it is prepar^ and sold for nse as a beverage proclaim it to be an article of commerce 
second in importance only to tea and coifee. 

As common beverages, these three have a strong claim to consideration, not only on account of 
their universal consumption in this country, but aho ecause, familiar as people are with them, few 
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really know how to prepare them in the most wholesome and agreeable form, and much of their 
flavour and tonic properties is frequently wasted by an incorrect mode of preparation. 

The active principle in cocoa is thecbromine, an alkaloid closely resembling those contained in 
tea and coffee, but of less powerful effects. It also contains 50 per cent, of a peculiar fatty or oily 
substance, called butter of cacao ; and 20 per cent, of albumen, from which it obtains its nutritive 
properties. The cocoa of the shops is always mixed with a small proportion of arrowroot, or some 
other starch, in order to render it soluble, or rather emulsive. Being very nourishing and at the 
same time very easily digestible, cocoa, when well prepared, strengthens the digestive organs and 
quickly raises the tone of an exhausted or enfeebled system. Hence it is the favourite beverage 
of invalids and dyspeptic persons. Its exhilarating effects are nearly equal to those of tea and 
coffee. Upon some persons, however, it acts, for reasons which are not well known, as a mild 
emetic. 

Cocoa appears in the market in three forms, besides that of chocolat : cocoa nibs, flake cocoa, 
and soluble cocoa. Cocoa nibs are the roasted seeds from which the skins and husks have been 
removed in a “ kibbling-mill.” They should be of a dull, greyish-red colour ; but they are often 
coloured with Venetian red. Flake cocoa is the purest of the other two varieties, since it contains 
no sugar and only a small quantity of starch ; it is prepared simply by grinding the roasted “ nibs ” 
in a mill constructed of two metallic cones working one im-ide the other. Soluble cocoa is the form 
in which the substance is generally used ; it consists of the roasted nibs ground up with varying 
proportions of starch and sugar, for the purpose of rendering the cocoa readily diffusible in water. 
Sago and arrowroot are the most wholesome ingredients, but much adulterated and highly coloured 
starch of an inferior description is employed by second-rate makers. 

Chocolat is cocoa made into a paste with sugar and certain flavouring ingredients, usually 
vanilla. It is pleasant and nutritive, but sometimes disagrees with weak stomachs. Good, 
unadulterated chocolat may be known by the following characteristics : — It is compact, brittle, and 
of a reddish-brown colour. It should break only with a moderate effort, and the fracture should be 
clean, and the grain fine. When worked into a paste, it should be perfectly homogeneous. It 
should melt easily in the mouth and possess a pleasant, fresh flavour. It should dissolve readily 
in milk or water, leaving no residue. Chocolat is made by crushing cocoa nibs in a mUl, the 
rollers of which are made either of stone or metal, and heated by steam in the interior. By this 
means, the fat or butter is melted, and the cocoa is softened into a thick, smooth paste. To this 
paste is then added the required amount of sugar and vanilla or other flavouring matter, and the 
whole is well mixed together in a mixing mill until the mass becomes perfectly homogeneous, when 
it is moulded into various shapes. 

Chocolat is made as a beverage by reducing the necessary quantity to a fine powder and placing 
it in a jug, or other receptacle, with a little boiling water. The whole is then well mixed and 
stirred up with a spoon into a thin paste, and the jug is filled up with boiling milk and water. 
Sugar may either be mixed in with the paste or added afterwards in proper quantity. The drink 
ought never to be prepared before it is required for the fable, since, on reheating, it not only loses 
flavour, but the oil or butter separates and collects on the surface, which is generally the cause of 
the ill effects produced by chocolat on weak stomachs. 

Cocoa is usually prepared for the table by simply pouring boiling water upon the soluble 
powder. If the flaked variety or nibs be used, they must be placed in boiling water and simmered 
gently for from four to six hours. Great care must be taken to see that the liquid does not boil, in 
order tliat the albumen may not be coagulated, and the cocoa thus prevented from thoroughly 
mixing with the water. 

Cocoa beverage is an emvlsim ; that is to say, it is a liquid which contains solid matter in 
suspension, and hence may be considered as food and drink combined. While the liquid portion of 
the beverage has almost as exhilarating an effect upon the system as tea and coffee, the solid 
portion, consisting of carbonaceous and nitrogenous matter, is highly nutritive. 

Coflfee. (Fr., Cafe ; Geb., Kaffee.') 

Coffee is a decoction or infusion prepared from the roasted berries of the Coffea Arahica, a plant 
largely cultivated in Arabia Felix and in various other parts of the globe. Some notion of the 
importance of coffee as a beverage may be gained from the fact that forty millions of pounds are 
consumed annually in the United Kingdom, and it is said tliat the annual consumption of the 
entire world amounts to the enormous quantity of six hundred million pounds. 

The chief constituent of coffee, to which it owes its peculiar effects, is caffeine, a powerful alkaloid 
identical with theine and closely resembling theobromine. It also contains tannic acid and small 
quantities of a bitter aromatic oil. The action of tliese constituents is stimulating, tonic, and ex- 
hilarating, without producing any unpleasant after-effects. They promote digestion, raise the 
spirits, and are strongly anti-soporific. Coffee berries undergo importa^it changes during the 
process of roasting. It is carried on until they have changed to a chestnut-brown colour and lost 
18 per cent, in weight, but it should not be stopped before, or carried farther than, this point. 



COITEE. 


423 


The object of the process is to develop the aroma of the coffee and to render the berries less 
tough, in order that they may be easOy ground in a mill. Too much heat removes the peculiar 
principles which it is desired to retain, converting them into others of disagreeable flavour and 
odour ; too little heat, on the other hand, produces raw, green, and flavourless berries, the infusions 
of which are unpalatable and liable to cause vomiting. 

Coffee is rarely made in a proper way in England. The chief characteristics of English-made 
coffee are weakness and lack of flavour, owing to the fact that it is invariably made as a decoction 
instead of an infusion ; that is to say, instead of allowing the powder to digest, simply, in hot water, 
it is almost always boiled, often for a considerable length of time. It must not be supposed, 
however, that the boiling is in itself objectionable ; tliat this is not the case is sutBoiently proved 
by the fact that the very best coffee is made by making a decoction of one half of the powder, and 
an infusion of the other half, and then mixing the two liquids ; but if the whole of the coffee is 
boiled in the pot, it loses its delicate flavour, becoming rank, and quite unpalatable. 

The French proceed far more intelligently in their methods of making this infusion, and the 
superiority of the French coffee over that made in England is everywhere acknowledged. The 
object is, by treating the powdered coffee with boiling water, to extract the whole of the soluble 
constituents of the berry, or those in which its peculiar flavour or aroma are contained. In the first 
place, the French take much larger quantities of the coffee than is customary in England ; the 
proportions used being about one ounce of the powder to each breakfast-cupful of water ; if the coffee 
be required very strong, this proportion may be doubled ; the addition of a teaspoonful of freshly 
ground and roasted chicory is thought by some to improve tlie flavour of the beverage. The coffee 
is generally both freshly roasted and ground. When the berries have been well roasted, the 
product, after treatment with boiling water for a few minutes, should contain the whole of the 
flavouring, and a few other soluble constituents. It is the custom in France to improve the 
quality of the drink by pouring a little boiling water upon the exhausted “ grounds,” allowing it 
to macerate until cold, then boiling the separate liquid and using it for making infusions of fresh 
coffee. In cafes, the grounds made during the day are afterwards mixed together in a pot, and 
boiled with water ; the decoction thus made is added in small quantities to the infusions of fresh 
coffee and it much improves their quality. 

In order to remove the suspended grains and to render the coffee perfectly clear, a little isinglass 
or white of egg may be added to it ; these, however, diminish the astringency and vivacity of the 
coffee. In France, it is customary to effect this by pouring a little cold water upon the surface of 
the hot coffee in the pot ; the cold water being heavier than the hot liquid underneath it, sinks at 
once, carrying with it all the suspended matter. In Arabia, a cold, wet cloth is often wrapped round 
the pot for the same purpose. 

The best and most convenient form of coffee-pot is called a “ percolator,” and is the invention of a 
Frenchman named De Belloy. It consists of two metal vessels, placed one above the other, the upper 
one being made to fit into the lower one. The bottom of the upper vessel is perforated with 
numerous very small holes. The powdered coffee is placed in this, and boiling water poured over 
it, the lower vessel receiving the beverage ready-made. After removing the upper vessel, a little 
of the decoction made, as already described, is added, and the coffee is clarified as above, when it 
is ready for the table. 

The addition of milk to coffee is said to destroy much of its tonic properties. 

Ginger-beer. (Fa., Biere de gingembre; Geb., Ingwerbier.) 

Ginger-beer is a cooling and refreshing beverage containing an infusion of ginger, and is strongly 
effervescent. Being very wholesome and cheap, it has become a favourite summer drink among 
the lower classes of society. It is often recommended as a restorative after fatigue. Below are 
given several good recipes for its preparation on a large or a small scale. 

1. Best lump-sugar, 1 lb.; Jamaica ginger, unbleached and well bruised, 1 oz. ; two or three 
sliced lemons ; cream of tartar, f oz. ; boiling water, 1 gallon. Macerate until nearly cold in a 
covered tub or clean vessel, with constant stirring; add or 2 oz. of yeast, and place the vessel 
in a warm place to ferment. AUow to stand until the next day ; then decant the clear liquor and 
strain it through a piece of fiannel ; allow to ferment again for a day or two, according to the 
weather. It may then be skimmed, strained, bottled, and securely wired down. 

2. White sugar, 18 to 24 lb. ; Jamaica ginger, IJ lb. ; Narbonne honey, 1 or 2 lb. ; lemon or 
lime juice, 1 quart ; pure soft water (which has beenboUrf and allowed to settle), 18 gallons. Boil 
the ginger in 3 gallons of the water for halt^an hour; add the sugar, lemon juice, honey, and the 
remainder of the water, and strain the mixture as above. When nearly cold, add the white of one 
egg and J oz. of essence of lemon; stir well for half an hour. Allow to stand from three to six 
days, according to th«» weather, and bottle it, placing the bottles on their sides in a cool cellar. 
The ginger-beer is ready for use in about three weeks, and will keep several months. 

3. Best white sugar, 8 lb. ; Barbadoes ginger root, 12 oz. ; gum-arabic, 8 oz. ; tartaric acid or 
cream of tartar, 3 oz. ; essence of lemons, 2 drachms ; water, 9 gallons. Boil the ginger root for 
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half an hour ; strain the liquor ; add the tartaric acid and sugar ; hoil well, removing the scum ; 
add the gum-arabic, dissolved in a separate portion of the water, and the essence of lemons ; allow 
to cool to about 38° (100° F.) ; add a little fresh yeast, and carefully ferment as above. The liquor 
may then be bottled for use. 

Lemonade. (Fb., Lhmnade; Geb., Z>momde.^ 

The manufacture of effervescing lemonade on a large scale has been fully treated of under 
Aerated Waters. But it is often required to produce this beverage on a small scale, for domestic 
use. Its agreeable flavour and very refreshing effects render it a favourite drink in hot weather, 
especially for children. And, in cases of fever, it is of great use as a refrigerant and antiseptic. 
The following recipes for its preparation are therefore given ; — 

1. Sliced lemons, two in number ; sugar, 2i oz. ; boiling water, 1 J pint. Mix well ; cover the 
vessel and allow it to stand until cold, Stirling it occiisionally. Pour off the clear liquid, and 
strain through a muslin or hair sieve. 

2. Juice of three lemons; peel of one lemon; sugar, lb.; cold water, 1 quart. Digest for 
five or six hours, or all night ; then strain as above. 

3. Citric acid, 1 to IJ drachm ; essence of lemon, 10 drops ; sugar, 2 oz . ; cold water, 1 pint. 
Mix well together and stir until dissolve.'. 

Made as above, lemouade is a very refreshing and wholesome beverage. Instead of the citiic 
acid in the last recipe, tartaiic acid is sometimes used. Lemonade for icing should contain a 
larger proportion of sugar than is indicated in the above recipes. 

The refreshiug effects of lemonade are greatly increased by aeration. Aerated lemouade may 
be made, in small quantities, without the aid of machinery, in the following ways ; — 

1. Place in the bottles 1 to 1 J oz. of lemon syrup ; essence of lemon, 3 drops ; bicarbonate of 
soda, J drachm. Then nearly till the bottles with water, having tlie corks ready prepared, and add 
to each bottle 1 drachm of crystallized tartaric acid, instantly corking and wiring it. The bottles 
should be kept inverted in a cool place, or preferably in a vessel of ice-cold water. In this recipe, 
instead of lemon syrup, f oz. of lump-sugar may be used. 

2. Lump-sugar, 1 oz. ; essence of lemon, 3 drops ; bicarbonate of potash, 25 grains. Fill the 
bottles with water and proceed as before, adding of crystallized citiic acid, 45 groins. This recipe 
gives a more wholesome beverage, especially for the scorbutic, dyspeptic, rheiunatic, and gouty. 

The following are recipes for lemonade powders : — 

1. For one glass. — Powdered citric or tartaric acid, 12 grains; powdered white sugar, i oz. 
essence of lemon, 1 drop, or a little of the peel rubbed ofl’ on to a lump of sugar. Mix the whole 
well together. 

2. White sugar, 4 Ib. ; tartaric or citric acid, li oz. ; essence of lemon, i oz. Mix well and keep 
in a bottle for use when required. One to two dessert-spoonfuls make one glass of lemonade. 

3. Effervescing. — For the blue papers, powdered white sugar, 1 lb. ; bicarbonate of soda, J lb. ; 
essence of lemon, 1^ drachm. Mix well and put up in six dozen papers. Then put up 5 oz. of 
citric or tartaric acid in six dozen white papers. Or the two powders may be kept in separate 
bottles. 

On the Continent, mineral lemonade is the name given to various beverages, consisting of water 
to which a tittle mineral acid has been added, and sweetened with sugar. Thus they have limonude 
sulphurique, cMorhydrique, nitrique, phosphorique, &c. ; these arc used as cooling drinks in cases of 
fever, inflammation, skin diseases, &o. 

Spruce-beer. (Fb., Sapinette ; Geb., Sprossenbier.') 

Spruce-beer is a coolhig and refreshing beverage, made from essence of spruce and molasses or 
sugar. There are two kinds made, the brown and the white, the latter being generally used and 
preferable to the other. It may be prepared by dissolving 7 lb. of loaf sugar in 4i gallons of hot 
water. When the heat has fallen to about 32° (90° F.), 4 oz. of essence of spruce is mixed in 
and dissolved perfectly by agitation. Half a pint of good brewer’s yeast is then added and mixed 
thoroughly. In summer, fermentation speedily sets in; but iu winter, it should be excited by 
keeping the cask in a warm place. When the fermentation slackens, the liquor is drawn off the 
cask well washed, and the liquor returned to it. A new fermentation soon commences, and, when 
complete, the liquor may be bottled. The bottles should be wired; and in order that the'liquor 
may mature quickly, it is advisable to place them ou their sides until it has become brisk ; then 
they should be set on end to prevent them from bursting. 

Browu spruce is made iu the same way, brown sugar or molasses being substituted for loaf 
sugar. 

Another good recipe for spruce-beer is the following Essence of spruce, i pint; pimento 
and ginger (bruised), of each, 5 oz. ; hops, | lb.; water, 3 gallons ; boil the^vhole for ten minutes, 
then add of moist sugar, 12 lb. ; warm water, 11 gallons ; mix well, and when lukewarm, add 
of yeast, 1 pint. After the Uquor has fermented for about twentj'-four hours, it may be bottled 
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Spruce-beer is diuretic and anti-scorbutic ; it is an agreeable drink in summer, and is considered 
particularly useful during long sea-Toyages. 

Tea. (Fb., The ; Ger., TheeJ) 

Tea is an infusion of the dried leaves of the Chinese tea-plants 27ica Bohea, Thea viridts, and others. 

Of all the beverages of this class, tea is by far the most extensively drunk in this country ; 
upwards of 140 millions of pounds are annually consumed in the United Kingdom ; the total import 
of tea in 1876 nearly reached the enormous quantity of 186 millions of pounds. On the Continent, 
however, the consumption is very small as compared with that of coifee. 

The principal constituent in tea is tannin. Besides this, it is found to contain a volatile oU, to 
which its aroma is due, resin, gum, extractive matters, nitrogenous substances analogous to 
albumen, various salts, and an alkaloid called theine, which is identical with the caffeine of coffee ; 
the proportion of nitrogen in the dried leaves is from 5 to 6 per cent. Of the total constituents, the 
amount soluble in boiling water varies from 38 to 47 per cent., and depends chiefly upon the age of 
the leaf. 

The action of tea upon the system is stimulating and invigorating. It is an agreeable antacid, 
and is exceedingly refreshing if drunk when fatigued or after exercise. The proper time to drink 
tea, and when its effects are most beneficial, is about three hours after dinner. At this time, the 
digestion of the meal is just complete, and there remains in the stomach an excess of gastric juice 
which creates an uneasy sensation unless it is neutralized by a mild antacid such as tea or coffee. 
For this purpose, the simple infusion, containing no milk or cream, or very little, and no sugar, is 
best adapted. 

The presence of the alkaloid theme in tea has the remarkable effect of sensibly retarding the 
waste of the animal body, and tlius of diminishing the necessity for food to repair it in an equal pro- 
portion. In other words, by the cousumption of a certain quantity of tea, the health and strength 
of the body will be maintained in an equal degree upon a smaller supply of ordinary food. Tea 
therefore stands to a certain extent in the place of food, while at the same time it refreshes the 
body and stimulates the mind. Tannin probably aids also in the exhilarating effects produced by 
tea ; it imparts to the infusion an astringent taste and a somewhat constipating effect upon the 
bowels. 

The practice of “ facing ” tea, as it is termed, cannot be too strongly condemned. Formerly, 
large quantities of Prussian blue were used in China to impart a fictitious colour to green teas ; 
about 1 oz. being used to 14 lb. of tea. More recently it is said that indigo has been substi- 
tuted, in consequence probably of the injurious effects which European writers have described 
the Prussian blue as possibly producing on the constitution of green-tea drinkers. Less doubt 
exists as to the pernicious qualities of an adulterated tea largely manufactured by the Chinese, 
under the name of Lie tea. This consists of the sweepings and dust of the tea-warehouses, 
cemented together with rice-water and rolled into grains. These adulterated teas have been 
imported into this country to the extent of half a million pounds weight in a single year. In this, 
as in other similar cases, the poorest classes, who can least afford it, are the greatest sufferers from 
the fraudulent introduction of the spurious mixture into the teas they buy. Black teas are some- 
times faced with finely powdered plumbago or blacklead. 

The common way of making the infusion is well known to everyone. The tea is placed in a tea- 
pot, is previously heated with hot water, and covered with boiling water. This is allowed to infuse 
for some minutes, and the teapot is then filled up with boiling water as required. If the water be 
boiling when poured upon the tea, as it always should be, about ten or fifteen minutes suffice to 
extract the whole, or nearly the whole, of the soluble constituents. 

Toddy. (Fb., Toddi; Gee., Toddy.) 

Toddy is the sweet juice obtained from various trees of the palm species. When the trees are 
required to yield toddy in place of fruit, the flower-stalks are, when just efflorescent, cut off, and 
a deep incision is made in the stump, from which, after repeated beatings, the toddy flows into 
vessels hung beneath to receive it. . One tree, when fuU grown, wiU sometimes yield as much as 
six pints of toddy per diem. 

Toddy, when quite fresh, is a cool, delicious, and wholesome beverage ; after standing a few hoursj 
it ferments and becomes highly intoxicating. It serves extensively as yeast, and throughout 
Ceylon, no other is employed by the bakers. A kind of vinegar is also prepared from it which is 
used for pickling gherkins, limes, the undeveloped leaves of the cocoa-nut and the palmyra trees, 
and various other vegetable substances. By far the larger quantity of toddy made is used in the 
manufacture of ‘ffayyery,’’ a species of sugar, resembling maple sugar, of which it is said that upwards 
of 1000 tons are annually made in Ceylon. According to Forbes, three quarts of toddy will produce 
1 lb. of jaggery. Iif Jaffna, the uufermented juice is boiled to the consistence of a thick syrup ; 
this is poured into baskets made of plaited palm-leaves, when, on cooling, it crystallizes into 
jaggery. In these baskets, the jaggery is kept for home consumption, or exported to other 
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lands to be refined. Jaggery forms an article of commerce from the upper to the lower pro- 
vinces of Burmah, and is also of importance in some of the islands of the Indian Archipelago. 
Besides being exported in large quantities from Ceylon, it forms a considerable portion of the food 
of the Tamil population of Jaffna. Amongst a variety of purposes to which it is put is that of being 
mixed with the white of eggs, and with lime from burnt coral, or shells. The result is a tenacious 
cement, capable of receiving so beautiful a polish that it can only with difficulty be distinguished 
from the finest white marble. 

Water. (Fk., Eau ; Geb., TFasscr.) 

In an article on Beverages, water claims to occupy a prominent position, both on account of its 
own importance as a common drink, and by reason of its forming the basis of numerous others. 
Besides, though water for drinking purposes is not manufactured or prepared, it is nevertheless an 
article of comnierce, since it must be purchased by its consumers' from the water companies which 
collect and supply it, and paid for in much the same way as any other article of food or of daily 
consumption. For this reason, also, it could not properly be omitted from the list of commercial 
beverages. 

The primary source of water is the sea : but aU fresh water reaches us through the medium of 
the clouds, which are water in a state of vapour suspended in the atmosphere. A gigantic process 
of distillation is continually going on, owing to the evaporation of the water of seas, rivers, lakes, &c., 
by the heat of the sun. The vapour of water thus formed is reeondensed by contact with a colder 
atmosphere above, and falls back to the earth in the form of rain, snow, and hail. In this way, 
the earth is furnished with a constant supply of water distilled from the ocean by the agency of 
the sun and the natural heat of the earth. As it falls tlirough the atmosphere, rain absorbs a 
considerable quantity of the free gases existing in it, and hence becomes aerated with oxygen, 
nitrogen, and carbonic acid in varying proportions. Bain water is a powerful solvent, and therefore 
always contains more or less matter in solution, together with small quantities of dust which float 
about in dry air and are washed down by the first portions of the rain. Besides the free gases of 
which the atmosphere is composed, there are many gaseous impurities present, of which traces 
are invariably found in rain water ; these, however, are generally in such minute quantities 
that, if free from suspended matter, rain water may be practically considered as pure. If it is 
caught in basins or tanks, and stored for any length of time, especially with exposure to the air, it 
soon becomes foul and impure by the introduction of foreign matter containing seeds or germs, too 
minute to be visible, but capable, under the influenee of light and heat, of loading the water with 
myriads of living organisms, which die and become putrid. In this state, water is wholly unfit for 
drinking purposes, and it must be carefully filtered before using. Rain water, owing to the absence 
of saline matters, is more favourable to the production and development of these organisms than 
water obtained from rivers, brooks, and springs, and should therefore never be used after long 
exposure to the air. Soft water, containing carbonic acid gas, exerts a solvent action upon lead ; 
hence tanks and pipes of these metals should never be employed. The insipid character of rain 
water and its liability to develop organic life render it unsuitable for general use as a beverage. 

The water in lakes and ponds which are not supplied by running streams is rain water caught 
and retained in natural depressions of the earth, or in valleys closed at the lower end by some 
obstacle. Here it comes into contact with the soil and with vegetable matter, and becomes charged 
with organic impurities ; these, however, are not injurious to health unless they are permitted to 
become putrid. The vegetable life so abundant in most lakes and ponds of large size gives off much 
carbonic acid gas, which is retained in solution in the water, and this gas renders it much brisker and 
fresher to the taste than ordinary rain water. That the water of ponds is better fitted than any other 
for drinking purposes is clearly shown by the fact that the instinct of cattle leads them to prefer it 
to running water, or to rain water caught in tubs, and that they are more healthy when they have 
access to the former kind. 


Rain water which falls in hilly districts and on the sides of mountains collects in streams and 
brooks, of greater or less size ; these gradually unite, forming rivers. In such waters, the impurities 
are often visible to the eye. It is frequently of a red colour as it flows through rooks of red marl 
which contain much oxide of iron in their composition ; it becomes milky in colour as it descends 
from the glaciers of Iceland or the slopes of the Andes, owing to the fine white sand which it takes 
up in its course. Many of our English rivers are grey or brown in colour; they are brown when 
running through a peaty or boggy country ; and when the quantity of suspended ve<'etable matter 
rs excessive, they are sometimes quite black to the eye. Only when perfectly clear, is the blue 
colour natural to large masses of water distinctly perceptible. But among the rocky and other 
materials with which water comes in contact in and upon the earth, there are many which it can 
dissolve, and the presence of which cannot be detected by the sense of sight* Hence the clearest 
and brightest of waters-those of springs and transparent rivers-are never chemically pure even 
when filtered ; they aU conteiu in .solution a greater or less quantity of saline matter, sometimes so 
much as to give them a decided taste, and to form what are caUed mineral waters. The following 



WATEE. 


427 


table shows the amonnt in grains per gallon of 
some important lakes and rivers : — 

Boston (U.S.) water-works .. 1 ‘22 grains. 

Charles Kiver, Massachnsetts 1 '67 „ 


Bala Lake 1 ■ 95 

Loch Katrine 1 • 96 

Thirlmere 3-60 


Schuylkill Ei ver, Philadelphia 4 • 26 


solid mineral matter contained in the waters of 


Detroit Eiver, Michigan 

.. 5'72 grains 

Ohio, at Cincinnati 

.. 6-74 

19 

Spree, at Berlin . . 

.. 7-98 

19 

Loire, at Orleans .. 

.. 9-.38 

•» 

Danube, near Vienna .. 

.. 9-87 

99 

Lake of Geneva . . 

.. 10-64 

99 


Lime in combination with carbonic and sulphuric acid is the most common impurity in stream 
and river water ; and it is to this substance and to magnesia that such water owes the property 
termed “hardness,” or that of curdling with soap. Pore waters are always soft; and from this 
quality the absence may be inferred of any large proportion of lime and magnesia salts. 

Waters containing much lime are often bright and sparkling to the eye and agreeably sweet to 
the taste. They hecome somewhat milky when boiled, and leave a sediment which encrusts the 
inside of kettles or boilers. When strongly impregnated with lime, they will even deposit a 
calcareous coating along their channels as they flow in the open air, or will petrify, as it is termed, 
any suhstances immersed in them. These circumstances are due to the fact that the lime is held 
in solution in the water by the help of free, dissolved carbonic acid gas, and when this gas is 
permitted to escape, or driven off by boiling, the lime can no longer be retained in solution, and it is 
accordingly deposited. Hard waters, therefore, are generally made much softer and purer by 
boiling. If, however, much lime be present in the state of sulphate, mere boiling will not soften 
it, but if a little soda be added during the boiling, the sulphate will be decomposed and readUy 
separated. A good and cheap method of softening hard waters is now being carried out by several 
of the largest English water companies. It is known as “ Clark’s process,” and consists in adding 
lime water to the water already containing lime. The lime added combines with the excess of 
carbonic acid gas, which holds in solution the lime present in the water, and the latter portion, 
and also the newly formed carbonate, are precipitated to the bottom of the tank or reservoir. 

It wUl thus be seen that the water which collects in hiUy districts and flows in streams and 
rivers through all kinds of country and over many different rocks and soils may, and generally does, 
contain organic and saline matters both in solution and in suspension. It is not, therefore, to be 
recommended for drinking purposes until it has been softened and filtered. 

Spring and well water is that which falls upon and filters through porous rocks. Owing to the 
carbonic acid which it contains, it dissolves a large quantity of saline matter as it filters through 
the diflerent strata. In its downward course, this water sooner or later reaches a stratum which 
it cannot permeate, and is hence brought to a stand. K, however, the stratum happen to lie 
on an inclined plane, the water runs along it, and eventually issues from the earth where the 
rock crops out. It is in this manner that all springs and wells are formed, the latter bein>» 
constructed by digging through several strata until one is reached upon which water is standing, 
or over which water is flowing. 

As we have already seen, the solvent properties of water enable it to take up many substances 
from the rocks and soils through which it passes, and it often happens that in the neighbourhood of 
dwellings and farmyards, and especially in towns, the water of shallow wells becomes very impure, 
and consequently unwholesome to drink. The rains that fad upon the filth accumulated in towns 
wash out the soluble substances it contains, carry them into the sod, and through this, by deorees, 
to the weUs by which the wants of the inhabitants are supplied. This has often been productive 
of serious and fetal disease. Hence arises the necessity of preventing, as far as possible, the 
accumulation of refuse, and, when such accumulation is unavoidable, of placing it at the greatest 
possible distance from wells which yield water for daily use. And hence, also, the advisability of 
bringing water from a distance for the supply of large towns. 

The proximity of graveyards to weUs and springs from which drinking water is obtained is stdl 
more liable to render the water unwholesome by charging it with all kinds of objectionable matter. 
Water from a well standing close to an old churchyard in the neighbourhood of London, and 
analyzed by Noad, was found to contain the enormous quantity of 100 grains of solid matter per 
gallon, more than half of this consisting of nitrates of lime and magnesia. The presence of these 
salts in such quantity could only be traced to the proximity of the graveyard, as they are 
invariably produced by the decay of animal matters in porous soils. Well water frequently 
contains vegetable matter also, and of a kind which renders it wholly nnfit for drinking purposes. 
In sandy districts, the decaying vegetable matters of the surfece soil are observed to sink down 
and form a thin yellow layer in the subsoil, which is impervious to water. Being arrested by 
this layer, the rain water, while resting upon it, takes up a certain quantity of the vegetable 
matter ; and when collected in wells, it is often dark-coloured, marshy in taste and smell, and very 
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unwholesome. Purification of such water may be efiected by filtering it through charcoal, or by 
putting chips of oak wood into it. Or it may be boiied, thus causing the organic matter to 
coagulate, as it were, and to collect in fiocks, when the water cools, leaving it wholesome and 
nearly free from taste and smell. This property of being coagulated by boiling, and by the tannin 
contained in oak wood, show that the organic matter in water is of an albuminous character, or 
resembles white of egg. By coagulating, the organic substances not only fall themselves, but carry 
down other matter, thus completely clarifying or purifying the water. 

The sources from which country villages are supplied with drinking water are almost always shallow 
wells, each house or cottage having its own. As a rule, no care is taken to prevent the water in 
these wells from being contaminated with foul organic refuse, and hence it is rarely fit for drinking 
purposes. In some cases, manure heaps, pigstyes, and even cesspools, are permitted to remain in 
close proximity to the well which supplies whole fiimilies with water for drinking, cooking, and 
other purposes. Water from such wells is not only unfitted for consumption, but, from a sanitary 
point of view, absolutely dangerous. If it be impossible to avoid the contamination of the water 
in these wells, the best and safest plan to adopt in villages would be to establish one large deep 
well for the supply of the whole, placed in such a position as to be readily accessible and yet far 
removed from all chance of pollution with sewage and other injurious foreign matter. In the 
larger villages and towns, the supply is obtained either from such deep wells or from a neighbouring 
stream or lake, the water being purified sometimes by filtration through a bed of sand or gravel, 
and then conducted by means of undergroimd pipes to the different streets and houses. Water 
thus supplied is, of course, much more wholesome than that obtained from shallow wells, but it 
is well never to use it for dri nkin g purposes without careful filti ation through a carbon filter, in 
order that any accidental impurity taken up in the underground pipes may be removed. 

Many means have been adopted of removing impurities from natural water, in order to render 
it potable. Muddy water is easily rendered clear and bright by processes of filtration on a large 
scale. In places where the only available water is muddy, the purification is efiected in what 
are termed “ filtering tanks.” These consist of large, water-tight basins, on the bottom of which 
is placed a layer of small stones ; above these is placed a second layer of coarse sand or gravel ; 
over this again a layer of fine sand, and at the top a layer of river sand. The muddy water is 
introduced from above and filters through the several layers, collecting in the bottom one. From 
thence it passes into reservoirs, or shafts built vertically in the basin, and having their walls so 
perforated at the lower extremity that nothing but filtered water can pass through them; this 
water is pumped up from the shafts when required. Iron tubes perforated below are sometimes 
used instead of the brickwork reservoirs. The greater portion of the suspended impurities con- 
tained in the water is retained in the uppermost layer of sand, which has, consequently, to be 
renewed from time to time. 

In order to remove decaying organic matters or impure gases held in solution, powdered charcoal 
is frequently used as the filtering medium. In this way, not only are all suspended matters elimi- 
nated, but water which is coloured brown and possesses an offensive taste and smell, from the 
presence of the above matters, may be rendered clear, tasteless, and inodorous. The cost of the 
charcoal, however, which soon becomes impure and useless, prevents its application to this purpose 
on a large scale. And it is possible that charcoal which has become saturated with organic impuri- 
ties at a low temperature may give up a portion of the absorbed substance when the water to be 
filtered has a higher temperature. Carbon filters are frequently used on a small scale with great 
advantage for the filtration of impure waters. (See Filtration.) 

Drinking water should be clear and colourless, that is, absolutely free from suspended im- 
purities, such as clay, organic matter, &c. It should contain small quantities of dissolved carbonate 
of lime, chloride of sodium, oxygen, and carbonic acid gases. It should not contain any salts of 
lime and magnesia, except the carbonates, nor the smallest trace of any nitrates from which the 
presence of ammonia or nitrogenous organic matter may be inferred. When drinking water is 
boiled to dryness, it should leave a residue of from 10 to 30 grains of solid matter for every 100,000 
grains of water, and of this quantity about one-half should be carbonate of lime. Water containing 
less than 10 parts of solid constituents in every 100,000 is soft and insipid, and less fitted for 
drinking purposes than that which contains a higher proportion. Of the free gases held in 
solution by the water, it should always contain 0-8 per cent, by volume of oxygen, 0-7 per cent, 
of nitrogen, and a considerable quantity of free carbonic acid. Suspended and organic impurities 
should invariably be removed, if present, by passing the water through a carbon filter. Indeed, 
no water should ever be used for drinking purposes, especially in large towns, which has not been 
subjected to careful filtration. 

Water that is to be used for brewing ales and porter should contain ^considerable quantity 
of saline constituents, and principally of carbonate and sulphate of lime ; that used in brewing 
the best Burton ales contains from 10 to 20 grains per gaUon of each. Common salt is also a 
valuable constituent. There should be no organic matter. Analyses of some of the best waters for 
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brewing will be found in the article on Beer. For wine-making, the water employed should contain a 
smaller proportion of mineral constituents than that required for beer. The very best would be rain 
water, to which the necessary proportion of the various salts has been added. This, however, 
would be impossible in practice, and it is found most convenient to use river or stream water, the 
composition of which is known and may be constantly relied on. The water of springs, or of 
stagnant ponds and marshes, which might contain putrid organic matter, either in suspension or 
solution, must not on any account be employed. The same conditions apply to water which is to 
be used in preparing whisky, or other spirit ; it should contain a small proportion of mineral salts ; 
it should be free from organic matters ; and it should always be clear and bright. For making 


infusions of tea and coffee, the moat suitable is a soft water, or one containing no salts of lime, or 

very little. Rain water, carefully filtered, is the best for this purpose. 


Below are given some typical analyses of waters obtained from the different sources described. 

namely, lakes, rivers, and deep wells : — ■ 




Thirlmere Lake (in 100,000 parts). 


Total solid impurity .. 

.. .. 2-66 

Nitrogen (as nitrates and nitrites) 

0-002 

Organic carbon .. 

.. .. 0-194 

Total combined nitrogen . . 

0-008 

Organic nitrogen . . 

.. .. 0-004 

Chlorine 

0-52 

Ammonia 

.. .. 0-003 

Total hardness 

0-70 

' 

The Thames, at Twickenham. 



.. .. 32*01 


0-95 

Carbonate of lime . . 

.. .. 18-23 

Chloride of lime 

2-50 

„ magnesia 

.. .. 1-47 

SUica 

0-39 

Sulphate of lime .. 

.. .. 0-64 

Organic matters 

4-97 

„ soda .. 

.. .. 2-86 




The Seine, above Paris. 


Total solid contents .. 

.. .. 17-90 

Sulphates of soda and magnesia 

1-00 

Carbonate of lime . . 

.. .. 9-20 

Chloride of lime 

1-00 

„ magnesia 

.. 3-90 

Silica, alumina, and iron .. 

0-80 

Sulphate of lime .. .. 

.. 2-00 




The Rhine, at Strassburg. 



. .. 23-18 


n*90 

Carbonate of lime . . 

, .. 13-56 

Nitrate of potash 

0-38 

„ magnesia 

. .. 0-51 

Silica 

4-88 

Sulphate of lime .. 

. .. 1-47 

Alumina 

0-25 

„ soda .. 

. .. 1-35 

Iron 

0-58 


The Rhone, at Geneva. 


Total solid contents .. 

.. 18-20 

Sulphate of soda 

0-74 

Carbonate of lime 

.. 7-89 

Chloride of soda 

0-17 

„ magnesia 

.. .. 0-49 

Nitrate of soda 

0-85 

Sulphate of lime 

.. 4-66 

SUica 

2-38 

„ magnesia 

. .. 0-63 

Alumina 

0-39 


The Danube, at Vienna. 


Total solid contents 

12-62 

Sulphate of magnesia 

. 1-57 

Carbonate of lime 

. .. 8-37 

Sulphates of soda and potash , . , 

. 0-20 

„ magnesia 

. „ 1-50 

Silica 

. 0-49 

Sulphate of lime .. 

.. .. 0-29 

Iron 

. 0-20 


The Spree, at Berlin. 


Total solid contents 

. .. 11-40 ■ 

Sulphate of potash 

0-60 

Carbonate of lime .. 

. .. 6-50 

Chloride of soda 

1-20 

„ magnesia 

. .. 0-90 

Nitrate of soda 

, 0-30 

Sulphate of soda 

. .. 0-60 

Alumina and iron 

1-30 


* 

The three following analyses, made by Professor Wanklyn, are of samples taken from the deep 
wells at Croydon, in Surrey. No. 1 is from the well in Waterworks Yard ; No. 2 from that in 
Mint Walk; and No. 3 from the Old Well; they are expressed in grains per gallon:— 
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Total solid contents . . 

.. 29-3 



Carbonate of magnesia 

.. 1-4 

Silica 

. .. 1-2 



Chloride of soda 

.. 2-0 

Caibonate of lime 

, .. 17-8 



Sulphate of soda 

.. 0-9 



(2) 



Total solid contents . . 

, .. 21-6 



Carbonate of magnesia 

.. 0’7 

Silica 

, .. 10 



Chloride of soda 

.. 2-0 

Carbonate of lime 

. .. 17-0 



Sulphate of soda 

.. 0-9 



( 3 ) 



Total solid contents . . 

. .. 21-6 



Sulphate of magnesia . . 

.. 1-4 

Silica 

trace 



Chloride of soda 

.. 1-8 

Carbonate of lime 

.. 14-1 



Nitrate of soda 

.. 1-4 

Sulphate of lime 

1-8 



„ potash 

.. 1-1 


An analysis of a well in the Eed Sandstone at Liverpool gives the following figures : — 


(Parts per 100,000.) 


Total solid contents 26 '400 

Organic carbon O' 020 

„ nitrogen O' 020 


Nitrogen as nitrates and nitrites 0'416 


Total combined nitrogen 
Chlorine 

Hardness/ •' •• 

I Permanent 


0-436 
2 '680 
4-000 
9-600 


The three following analyses, made by Professor Wanklyn, show the composition of the water 
supplied to London by the West Middlesex, New River, and Kent companies respectively. The 
first is obtained from the Thames at Hampton, the second from the Lea and other rivers, and 
the third entirely from wells in the chalk ; the analyses are expressed in grains per gallon : — 


Silica 

Carbonate of lime 
Sulphate of lime 


West Middlesex Company. 


0-3 

12-9 

2-4 


Sulphate of magnesia 
Nitrate of magnesia 
Chloride of sodium 


0-6 

1-1 

2-0 


Silica 

Alumina, &o. .. 
Carbonate of lime 
Sulphate of lime 


New River Company. 


0-26 

0- 14 
12-70 

1- 60 


Nitrate of lime 

„ magnesia 
Chloride of sodium 


1-00 

1-28 

2-02 


Silica 

Alumina, &c. 
Carbonate of lime . . 

Water 

Silica, alumina, &c. 
Sulphate of lime . . 

„ magnesia 
Nitrate of magnesia 
„ soda 
Chloride of soda .. 
Water 


Kent Company. 

0-75 \ 

0-22 1 

16-30 / 

1-03 j 

0-28 

5-37 

0-93 

1-20 

1-21 

2-64 

0 - 37 / 


= 18'3 insoluble solids. 


= 12-0 soluble solids. 


The growing importance of deep wells as sources of drinking water renders it necessary that 
the geological character of the strata in which they are situate should be subjected to careful 
investigation, and a good deal of trustworthy and interesting information has been gathered 
together on this head during the last few years. The influence exerted upon the water by the 
different strata through which it passes is very great, and hence the subject is one of considerable 
importance. In its descent through the different beds, the water passes downwards with greater 
or less rapidity, according to the porosity of the strata, until at length it reaches one which is 
impermeable : this stratum forms a kind of floor upon which the water is stored, the quantity 
depending upon the thickness and extent of the strata above, and their degre^ of porosity. These 
impermeable, or dry, strata have no influence upon the water which lies upon them further than 
assisting to store it. When such an impermeable bed lies upon the surface, the rain falling upon 
it, not being able to penetrate, runs away and collects in brooks and streams; hence, in districts 
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where the upper beds are of this nature, there is an abundance of stream wafer. In its downward 
course, the water is completely filtered from all suspended organic and other matters, being thus 
rendered beautifully clear and bright ; it also dissolves a portion of the soluble salts, generally 
of lime, with which it comes in contact in the various strata, and becomes, in consequence, more 
or less “ hard.” The seven most important permeable or water-bearing strata in this country 
are : (1) Chalk and upper Greensand ; (2) Lower Greensand ; (3) Purbeck and Portland beds ; 
(4) Coral Bag and Grit; (5) Oolites and upper Lias sands; (6) Middle Lias; and (7) New Bed 
Sandstone. 

The following table sets forth the principal characteristics of these water-bearing strata : — 


Formationa. 

Thickness in Feet. 

Quality of Water. 

Chalk 

645 to 1000 

Hard. 

Upper Greensand 

100 „ 

400 

Kather hard. 

Lower Greensand 

20 „ 500 

Soft and good. 

Purbeck and Portland beds 

0 „ 

60 

Bather hard. 

Coral Bag and Grit 

40 


Great and inferior Oolites 

200 „ 450 

Hard. 

Upper Lias sands 

20 „ 200 

Soft. 

Marlstone or middle Lias 

30 „ 250 

Bather hard. 

New Bed Sandstone 

0 „ 

2150 

Soft or variable. 

Lower Permian beds (alternating'! 
characters) . . / 

■Variable. 

Soft. 


In endeavouring to ascertain the qualities of the underground waters derived from different forma- 
tions, it may be generally assumed that those drawn from limestone formations are “ hard,” and 
those from sandstone “ soft.” Owing, however, to variations in the nature of some of the strata in 
different localities, and to the greater or less proportion of carbonate of lime, carbonate of magnesia, 
salts of iron, &o., which they contain, the quality of the water from the same formation is liable to 
variation according to locality. Although this subject has been fully dealt with by various authors, 
it may be well to give here a brief summary of the results, as far as they have been ascertained, in 
different localities. 

(а) Water from the Chalk. — The percolation of the rain through this formation, amounting in 
proportion to about one-third of the actual rainfall, is so exceedingly slow, that the water has 
abundant time to take up a large proportion of carbonate of lime from the rock itself, hence 
chalk water is naturally hard. It seems, from observations made on the chalk hiUs, that it takes 
from four to six months for the rain to reach a depth of 200 to 300 ft., so that the water which is 
drawn from this depth in summer belongs to the rainfall of the preceding winter. The total quantity 
of solid matter in chalk water varies from 31 to 32-5 in' 100,000 parts, of which 16-4 to 21 parts are 
carbonate of lime. In the case of large works, this mineral ingredient can be dealt with by Clark’s 
softening process ; but for country villages there seems to be no plan of easy application for lessening 
the amount of calcareous matter, except that of boiling, by which the hardness is reduced from 24 ’7 
to 3 ■ 7 in extreme cases. Chalk water, though hard, is very suitable for many purposes, especially 
for the important one of brewing. 

(б) Upper Greensand. — The water from the upper Greensand, which immediately underlies the 
Chalk, is probably a little less hard than that from the Chalk itself. 

(c) Lower Greensand. — The water from this formation, which is separated from the upper 
Greensand and the Chalk by an impermeable stratum known as the Gault, is remarkably pure, and 
decidedly soft.” Samples taken from five localities gave a mean result of 7*9 of solid matter in 
100,000 parts of water. Water obtained from this source is therefore very suitable for drinking 
purposes. As the sands are generally loose and incoherent, they absorb nearly all the rain which 
falls on their surface, except that given off by evaporation or imbibed by vegetation. 

(d) Oolite Limestones. — The water from these formations, which are much interstratified with 
sand-beds, is more or less hard, yet less so than that from the Chalk. Of the proportion of solid 
matter in the waters of the Oolites, that found in the fine springs of South Cemey, near Ciren- 
cester, which rise along the line of a large fault, may be taken as a sample. The total amount of 
solid matter was found to be 18 grains per gallon, of which 1*25 grain was of organic origin. 
The water from the Severn springs near Cheltenham, from the inferior Oolite, gave 6 grains 
per gallon, of which 2 grains consisted of organic matters. The well at Thames Head, sunk in 
the Great Oolite near Cirencester, yielded water containing 16 grains per gallon. And the waters 
of the Chelt, near Chfltenham, which rise from springs at the base of the inferior^ Oolite, gave 
20 grains per gallon, of which 4 grains consisted of organic matter. 

(e) New Bed Sandstone.— Next to the Chalk, the New Bed Sandstone, innlndin g the Bunter and 
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Lower Kenper divisions, is the most important water-bearing formation, and the water which it 
yields possesses an advantage over that of the Chalk in being softer, and generally capable of 
being nsed for all domestic and manufacturing purposes. From the numerous analyses that have 
been made of these waters in different localities in the central and north-western counties, we have 
the means of arriving at general conclusions on this subject. 

The beds of the Buntor Sandstone are wonderfully adapted to act both as natural filters and as 
reservoirs for that portion of the rain which sinks below the surface. This may be assumed as one- 
third, on an average, of the actual rainfall ; while in some districts — where the formation consists of soft 
sandstone, or unconsolidated conglomerate, devoid of a thick covering of drift clay — the amount of 
absorption must reach well-nigh one-half the amount of the rainfall. Owing also to its uniformity of 
composition, and the absence of beds of clay or marl of any importance, the whole mass of rock below 
a certain level, and throughout a depth of several hundred feet in some districts, becomes water- 
logged : and wells sunk therein do not, as in the case of the Chalk, generally depend, for their 
supply on the presence of fissures, water being nearly always found after the water-lev el of the 
immediate district has been reached. 

The amount of solid matter per gallon in the water of the New Bed Sandstone varies from 6 to 
15 grains, when it has been taken from wells not too shallow, or from those which are free from 
contamination by sewage pollution or other causes. It. is to such a cause that the large proportion 
of saline and other ingredients in some of the Liverpool and Manchester weUs, amounting in some 
instances to 24 and 36 grains per gallon respectively, is attributable. In general, the proportion of 
these ingredients occupies a central position between those of the Chalk and other limestone forma- 
tions, on the one hand, and the surface waters of mountain districts, composed of Millstone Grit or 
of Silurian rocks, on the other. 

Wine. (Fb., rin; Gee., Wein.) 

Wine is a generic title applied to a very large number of beverages produced by the fermentation 
of the juice of the grape. The art of making these has been known and practised since the remotest 
ages of which we have any record. 

The wine of grapes is, and always has been, the principal fermented drink of the southern 
European nations. In the United Kingdom, its consumption has been steadily increasing for many 
years; without the aid of figures it would be impossible to give a just notion of the immense 
importance of vrine as a beverage in this country. In 1857, the total consumption was more than 
7,000,000 gallons ; while twenty years later, in 1877, we find tliat it has increased to the enormous 
amount of nearly 17,000,000 gallons. Owing to the costliness of wine, its consumption is almost 
exclusively confined to the upper and middle classes, beer and spirits being the poor man’s sub- 
stitute. In France, Spain, and Italy, where beer is not largely drunk, and where wine is much less 
expensive, it constitutes, as already stated, the national alcoholic beverage, being consumed alike 
by rich and poor. 

The composition and properties of different wines are influenced by a vast number of conditions 
and circumstances. The climate of the country, the nature of the season, the soil in which the 
vines are grown, the variety of grape, the mode of culture, the time of gathering, the treatment of 
the gathered fruit, the mode of fermenting the must, the temperature and length of time of pre- 
servation, — all these, and numerous other considerations of minor importance, have a direct influence 
upon the composition and quality of wine. All wines, however, contain alcohol, hut in widely 
varying proportions, sugar, and certain flavouring ethers to which the peculiar bouquet or aroma 
of each is due. Besides these, among the regular constituents of wine may he mentioned glycerine, 
extractive aud mucilaginous matters, mineral and colouring matters, and eight distinct organic 
acids. Of these latter, fonr are formed iu the juice and skins of the grape, viz. tartaric, malic, 
tannic, and gallic acids ; while the remaining four, carbonic, acetic, formic, and succinic acids are 
formed during the process of fermentation. Water is, of course, the largest constituent of wine, as 
of all other fermented beverages. 

The amount of alcohol in wine depends upon the quantity of sugar held in the must before fer- 
mentation, and hence varies considerably. The proportion by weight of absolute alcohol in some of 
the best-known wines is shown in the following table : — 



15 to 20 ner cent, i 




.. 17 „ 19 




Madeira .. 

.. 17 18 


Malmsey . . 

.. 16 

Marsala . . 

.. 15 „ 17 

9J 

Tokay 

.. 9 

Claret 

.. 8 „ 10 

» 

Champagne 

.. 7 

Burgundy 

.. 8 „ 12 

»? 

Carlowitz . . 

.. 11 




A good proportion of alcohol is necessary to the proper preservation of wine. Such wines as 
port, sherry, and Madeira, which contain nearly 20 per cent, of alcohol, cannot possibly undergo 
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after-fermentation, and may be kept for any length of time. French wines average from 8 to 10 
percent, by volume of alcohol, and require much care for their preservation. Wines containing less 
■than this quantity do not bear transport well, and on exposure to the air turn sour from the forma- 
tion of acetic acid. In Spain, Portugal, and France, it is customary to add alcohol to wine after 
fermentation, and in these oases the whole of the alcohol in the wines does not originate from the 
sugar of the must. Unless the deficiency be made up in this way, precaution must be taken, 
by means of repeated clarifications, to remove every trace of fermentable matter from thq wines, 
and thus to prevent the possibility of its being ruined by acetification and other degenerating 
influences. 

The sugar which is invariably found in wine is that of the grape, which has escaped the decom- 
posing action of the fermentation. To this unaltered sugar is due the sweetness or “■ fruitiness” of 
some wines, and notably of port. They are called “ dry " when the proportion of sugar is very 
small. Sugar is generally added to the must of the champagne grape before fermentation, in order 
to give it body, and also to keep it sparkling and prevent acetification. Oidy the very purest 
cane-sugar is ever used for this purpose, since the senses of taste and smell can easily detect the 
presence of impurities in the wines derived from the sugar, which cannot by any of the senses be 
detected in the sugar itself. Burgundy, claret, Bhenish, Moselle, and Oarlowitz contain no 
sugar, or only a trace. The amount usually found in the most important sweet wines is shown in 
the following table: — 


Lachrym® Christi .. .. 27 percent. 

Patras 15 „ 

Champagne 7 „ 


Port .. 
Madeira 
Sherry 


4 

2-5 

2 


per cent. 

tt 

tt 


The agreeable, vinous odour of grape-wines is imparted by a minute proportion of an ethereal 
substance termed oenauthic ether. This substance, when separated &om the wine, is a mobile, volatile 
liquid, possessing an exceedingly sharp, unpleasant taste, and so powerful an odour as to be almost 
intoxicating. It does not exist naturally in the grape, but is formed during fermentation, and it 
appears to increase in quantity as the wine grows older. The faintest trace is sufficient to impart 
bouquet, since few wines contain more than -5^5^ part of it by volume. This ether is present in all 
wines ; there are other ethers, however, which possess less fragrance, and which are different in 
different varieties of wines, giving to each the peculiar bouquet by which it is characterized ; these 
are present in even smaller quantities than the eenanthic ether. The formation of these is due to 
the action of the acids in the wine upon the alcohol, as shown in the following equation, in which 
ethylio acetate is formed by the union of acetic acid and alcohol : — 


Acetic acid. Alcohol. 

CjHjOlO . o^Hao 

h; + H/ 


Etbylic acetate. Water. 

= c:i:o}o + Heo. 


Some wines acquire their aroma partly during fermentation and partly after storage. 

The following table gives the average proportional quantities of some of the chief constituents 
of wine per litre. The figures are obtained from analyses of French, Swiss, and German wines : — 


grm. gnn. grtn. 

Alcohol (by weight) from 50’0 to 200-0 — generally 80 

Glucose 1-5 „ lO'O „ 2 

Glycerine 1-0 „ 4-0 „ 2 

Bitartrate of potash 10 „ S’O „ 4 

Residue (dried at 100°) 18-0 „ 30-0 „ 22 

Ash 1-5 „ 3-0 „ 2 


An analysis of the substances which compose the ash is as follows 


Sulphuric acid, from 

, . fwhite winesi 

Bhosphoric „ i , - > 

^ ” (red wines / 

Hydrochloric acid, from 
Peroxide of iron „ .. 

Phosphate of alumina „ 0-03 

Lime „ 0-05 

Magnesia 0-11 

Potash „ .. .. ,. .. 1-00 


grin. gnu. 

0-17 to 0-27 — generally 
0-155 
0-335 
0-06 
3-02 

0-06 „ 

0-09 
0-15 
2-00 


Average 

.. 0-04 

.. 0-01 


gnu. 

5-20 


0-04 


1-00 


Red wines are richer in phosphates than white wines because the former remain for a longer 
time in contact with the seeds and skins of the grape, which are extremely rich in phosphates. 
Tartaric acid exists in the natmal juice of the grape as bitartrate of potash or cream of tartar. 

2 p 
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After fermentation, and when the wine is left at rest, this salt separates out, and is deposited in a 
thick crust upon the sides of the casks or bottles. The presence of this acid in wine tends to 
dimmish the exciting or intoxicating effects of alcohol ; hence, as the wine gets older, it gradually 
becomes less acid, and stronger in proportion. Every year, therefore, added to the age of a good 
wine increases its strength and value. 

The principal effect of the presence of tannic acid or tannin is to aid in preserving wine, and 
to moderate the action of the alcohol. Wines containing much tannin produce intoxication much 
more slowly than those which contain but little. The wines of Bordeaux contain a large proportion 
of the astringent principle, and to this is probably due the fact that they are much less intoxicating 
than other varieties which are not more alcoholic. 

New wine contains more than its own volume of dissolved carbonic acid gas, formed during fer- 
mentation. This quantity, however, diminishes during storing, by diffusion through the pores of 
the casks, its place being taken by atmospheric air, which assists in maturing the wine. When 
bottled, it does not usually contain more than one-fourth of this quantity. When not in excess, its 
presence is believed to moderate the intoxicating influence of the wine, acting more or less as a cor- 
rective. It produces a gentle, stimulating effect upon the stomach, and greatly assists digestion. 
Wines, however, like champagne and sparkling hock, which contain much carbonic acid, are doubtless 
rendered more “ heady ” by its presence. 

The remaining acids, acetic, malic, pectic, &c., are seldom abundant in good wines, and have 
but little influence upon them beyond neutralizing, to some extent, the action of the alcohol. 

The general physiological effects of wine are well known. The first effect, when taken into the 
stomach, is to stimulate the action of that organ, producing in it, at the same time, a gentle and 
agreeable warmth. After a short time, the spirit penetrates into the blood, the movements of the 
heart and lungs are rapidly accelerated, the heat of the entire system is increased, and the circula- 
tion of the blood powerfully excited. If the quantity imbibed is too great, the pressure of blood in 
the brain becomes intense, and intoxication rapidly ensues. 

Vines cannot be grown in any climate. The proper development of perfume and of suflScient 
sugar in the grape requires a warm and constant sun, such as is to be had only in the warmer 
climates. The cultivation of the vine is most successfully carried on in the countries lying between 
the 3oth and the 50th degree of latitude, and it is in these that the most celebrated vine-growing 
districts are situate. Colder climates produce wines poor in alcohol, though sometimes of very 
agreeable perfume ; they are difficult to keep, and turn sour with remarkable rapidity, since they 
do not contain enough alcohol to preserve them. 

The nature of the soil in which vines are grown exeits considerable influence upon the quality 
of the grape. Vines wdl grow everywhere, and in a fertile soil will flourish exceedingly ; but 
experience has shown that the value of the wine is rarely proportional to the luxuriance and 
strength of the vine from which the grapes were obtained. Hard, clayey soils are not favourable to 
the growth of grapes ; neither are damp soils, of any nature whatever. They yield vigorous and 
beautiful vegetation, but wine obtained from them is invariably watery and wanting in bouquet. 
A calcareous soil is, as a rule, highly favourable ; the culture of the grape in light, dry soils is 
more simple than in any other, and they yield a wine which is spirituous and of a fine bouquet and 
flavour. The best possible soil is that which is at the same time light and flinty. Volcanic earths 
yield very delicious wines, as proved by those of Tokay and the finest Italian wines. To sum up, 
the vine may be cultivated advantageously in a great variety of soils, provided they be light, dry, 
finely divided, and such as will readily receive and filter water. Heavy, moist, or clayey earths 
must be avoided in laying out a vineyard, and the first consideration should always be lightness 
and porosity. 

The amount of exposure to weather to which the vine is subjected has a marked influence 
upon it. Grapes gathered from the summit, the sides, or the bottom of a hill, may vary widely 
ill quality ; and they vary also according as the land inclines towards the north, south, east, or 
west. Grapes grown on the top of a hill where they have been subject to many changes of tempe- 
rature and weather are less abundant, never reach perfect maturity, and produce an inferior wine 
to those grown on the hill-side, where they have been sheltered from these atmospheric variations. 
The bottoms of hills and valleys are also unfavourable to vine-growing : in such places, the air is 
charged with moisture, and tlie soil is constantly damp, the result being that the grapes are coarse, 
and the leaves and wood of the vine are forced at the expense of the fruit. The best possible 
situation for a vineyard is on a hill-side, looking south-east or south. 

That different seasons produce w-idely different wines is a well-known fact. In a rainy season, 
the fruit develops neither sugar nor aroma, the wine is weak and insipid, and can be preserved only 
with difficulty. A cold season yields a rough and ill-tasted wine ; and hi^li winds and fo.»s are 
highly detrimental to the fruit. The most favourable year for vine-growing is that in which the 
vine flowers in warm, dry, tranquil weather, followed by gentle rains as the fruit begins to form; 
and when the development and maturation of the grape are assisted by constant heat, with occa- 
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eional showers and no fogs. For the harvesting of the frnit the weather should be very hot and 
perfectly dry. 

The finest vine-growing climate and soil is afforded by France, and this country has always 
produced the largest quantity of wine ; the wines of Champagne, Burgundy and Bordeaux are, 
perhaps, more extensively consumed than any others. The following brief description of the pre- 
paration of wines generally is the one commonly followed in that country. 

Vintage . — The harvesting of the grapes is known as the “ vintage.” It is hardly necessary to insist 
on the necessity for waiting until the grapes have attained maturity, the indications of which state 
are sufBciently well-known. The vintage should be commenced only in fine weather and under a 
hot sun, and when the earth and the grapes are thoroughly dry ; therefore not before eight atlock 
in the morning. A sntficient quantity of grapes to fill a vat must always be gathered at a time, 
and at an even temperature ; failing the latter condition, they must be exposed in a warm place till 
the heat of the mass is uniform. Rotten grapes are cut off close and thrown away ; green bunches 
are left. To produce good wine, the crop must be gathered in three or four successive pickings. To 
give the wine more sweetness and body, the grapts are, in some districts, allowed to dry on the 
bunches by leaving them exposed to the heat of the sun until they become covered with a down 
resembling mouldiness. The bunches arrived at a state of maturity are gathered first, and produce 
very sweet, full-bodied wines. This picking being finished, the second is commenced, of those 
bunches which have matured in the meantime, and which yield finer and more alcoholic wine than 
the first. A short interval is now generally allowed to elapse, that the combined influences of the 
hot days and dewy nights of the end of October may complete the ripening of the remainder, which 
are picked over three or four times yet, the last picking including everything that remains on the vine. 
The harvest will scarcely be concluded in less than a month. In hot countries, the vintage will 
bear delay, especially when sweet wines are desired ; but where the grapes do not ripen readily, the 
vintage must precede the maturity of the crop, to avoid the injurious effect of the autumn rains. 
In this case, the deficiency of sugar must be made up by sweetening the must as hereafter explained. 
The bunches of grapes are gathered, principally by women and children, into wicker baskets, care 
being taken to reject those which are sour, rotten, or scorched. The contents of the baskets are 
emptied into small tubs placed in waggons, for transport to the place where they are to undergo the 
various processes of conversion into wine. 

Preparation of the Mtiet . — When the crop is gathered, the must is prepared by squeezing or 
pressing the grapes. This may be done in a variety of ways. The most crude method — that of 
treading out the juice with the naked feet — is now probably obsolete, but in many places it is done 
by workmen wearing large sabots. In some other places, they are crushed in small quantities at a 
time in shallow tubs, a tedious operation. The use of a “ rosutyr ” for the piupose is, perhaps, most 
general ; this is a wooden box, having a bottom formed of laths so closely set that the grapes 
cannot pass between them. Into this box, which is placed upon bulks above the vat, the grapes 
are thrown as they arrive, and are crushed by a workman in sabots. The juice runs through 
into the vat, while the solid matters remain behind, to be subsequently withdrawn at the side, and 
either added to the must in the vat or not, as occasion may require. This is repeated tiU the vat 
is filled conveniently high. The pressing of the grapes is an absolute necessity, because the 
saccharine juices will not ferment until liberated from the cells in which they are enclosed ; but 
there is no reason why the barbarous methods stUl existing should not be supplanted by machinery 
such as is used for crushing sugar-cane. 

A vat should be filled in at most twenty-four hours, for too long a period will entail a suc- 
cession of imperfect fermentations, the process being completed in one portion of the mass before it 
has begun in another. 

The best authorities agree that the grapes should be picked off the bunches before pressing, as 
the large stems contain but little matter useful to the fermentation of the most or the preservation 
of the fermented liquor. This operation is usually performed by a three-pronged fork. On the 
other hand, the pippins and skins of the grapes should always be added to the must, the former 
containing the preserving element, the tannin, and the latter the colouring principle. But in 
making white wines from black grapes some modification will be necessary. In the first place, 
taking advantage of the fact that the colouring matter in the skins is dissolved only after prolonged 
maceration, the pressing must be done as rapidly as possible and the skins removed. In order, 
however, to correct the great defect of all white wines — the difficulty with which they are pre- 
served — the pippins should be introduced into the must either in their natural state, or the tannin 
may be extracted from them by boiling and the decoction added to the must. 

Fermentation . — In the fermentation of grape-must, the process is arrested before its completion 
by withdrawing the lifuor from the vat, in order that it may be subsequently continued in a less’ 
degree in the casks. 

The juice which runs from the grapes during their transport to the works commences to ferment 
long before it reaches the vat, in spite of all the care taken to prevent it. In the case of highly- 
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esteemed brands of wine, this juice is fermented separately to produce the choicest yarieties, but 
as a rule it is added to the juice obtained by pressing, and all is fermented together. The fer- 
mentation is conducted in rats of masonry or wood, the former being preferable, as they require less 
repair, maintain a more constant temperature, and are less exposed to accidents. The latter, 
however, when free from iron inside, are useful for small quantities. The vat must be scrupu- 
lously cleaned before admitting the must. Stone vats are washed with warm water, and coated 
with milk of lime ; wooden ones are washed with warm water, and then scrubbed with brandy. 
These precautions are needed to ensure the destruction of fungoid life and acid or fatty products 
that would injure the must. 

The established conditions of fermentation are a certain degree of heat, contact with the air, 
and the existence of a vegeto-animal principle, and of a saccharine principle in the must. The 
most suitable temperature is about 19° (66° F.) ; it is too slow below this point, and too 
rapid above it, ceasing altogether under the influence of great heat or great cold. If the tempera- 
ture of the surrounding air does not equal at least 15° (59° F.), it must be raised to this point 
by artificial means, and the must heated by mixing some boiling must with it, or better, by intro- 
ducing, as in Burgundy, a bath cylinder. This precaution concerning the temperature is absolutely 
necessary, and certain results cannot be counted upon without it. The fermentation also is slower 
in proportion as the temperature at the time of the vintage was lower. This inconvenience also 
is obviated by heating the must and raising the surrounding temperature to 15° to 19° (59° to 
66° F.). Experience proves that grapes gathered in the morning are slower to ferment than 
those plucked after noon under a hot sun and in fair, clear weather. Dews, showers, and slight 
frosts also hinder fermentation ; hence the necessity for observing the conditions of weather before 
alluded to. 

Air is favourable to fermentation, and is necessary to its initiation, though it may be dispensed 
with subsequently. It is necessary, on the other hand, that the carbonic acid liberated shall 
have free egress ; but this disengagement entails great loss of alcohol and of bouquet, so that it is 
well to cover the vat with planks, on which cloths are spread in such a manner that the contents 
are preserved from contact with the cold outward air, still leaving a small outlet for the generated 
gases. The fermentation is thus regulated ; the temperature is maintained at a higher point ; 
the loss of alcohol and acidification of the “ head ” are prevented ; the aroma and bouquet are pre- 
served ; and the fermentation is maintained under varying atmospheric conditions. The fermen- 
tation is also more rapid and complete according as the mass is larger ; but against these advan- 
tages, and the additional one that the wine keeps better, must be counted the facts that the larger 
vats require longer to fill, and that the increased heat may cause the volatilization of a portion of 
the bouquet. 

Very sweet grapes yield sweet and full-bodied wine, because the ferment is not in sufficient quan- 
tity to decompose all the sugar ; less sweet grapes may require sugar to be added to the must to 
nourish the action of the ferment and to employ the whole of it in producing alcohol. Very thin must 
is as difficult to ferment as very thick must. The mean consistence should be 10° -5 to 11° -5 B. 
(about 1-080 sp. gr.). When the must is very watery, the resulting wine is weak and very liable to 
change. Cold countries, wet lauds, and rainy seasons produce grapes containing more water and 
ferment than is necessary to decompose the sugar formed in the fruit, and the wine is liable to turn 
sour in consequence of the superabundance of ferment remaining after the spirituous fermentation. 
Mention has already been made of a means adopted for correcting this evil. In sugaring the 
must, it is necessary to remember that cane-sugar does not undergo alcoholic fermentation till it 
has arrived at a more hydrated condition than the sugars of fruit, or glucose. To avoid the delay 
thus occasioned in the fermentation, it is well to transform the crystallizable sugar before introducing 
it. Tartaric acid is preferably employed for this purpose, and the sugar solution should be boiled 
in the must for two hours in presence of 2 per cent, of this acid. If the grapes were insipid and flat 
only a partial neutralization by the aid of chalk is needed, while with very acidulated musts the 
tartaric acid should be completely neutralized. By this plan is obviated the fault ascribed to the 
sweetening of some musts that it leaves a sickly taste in the mouth, due to the fact that the sugar 
used has not been entirely decomposed, because then all the added sugar is transformed into 
alcohol as rapidly as the grape sugar itself. Neither need there be any fear that the addition of 
the sugar will postpone the commencement of the fermentation ; therefore it may be added as early 
as desired, instead of waiting tiU towards the end of the operation. Obviously the sugar may also 
be converted by means of sulphuric acid or phosphoric acid on condition that the subsequent 
neutralization be complete ; but tartaric acid is specially named, as it is normally found in the fruit 
of the vine, and a solution of it may be economically prepared by treating dry lees, which abound 
in vine countries. ^ 

The fermentation first manifests itself by little bubbles which appear on the surface of the must ■ 
little by little it raises the centre of the mass, agitates the whole, and produces more or less eflerl 
vescence, due to the liberation of carbonic acid. The suspended matters are distributed, raised, and 
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precipitated nntil one portion settles on the bottom and another portion collects on the surface to 
form the “head.” The fermentation commences as soon as the vat is filled, and lasts ordinarily 
from twenty-four to thirty hours, with a temperature of 30° to 32° (86° to 89° • 3 F.) in the centre. The 
volume of the mass increases considerably. The ‘‘ head ” raises itself, cracks open, and disengages 
abundance of froth ; heat develops in the liquor iu proportion to the mass, and the colour is in- 
tensified. Then the symptoms diminish, the head sinks, the liquor clarifies itself, and the work is 
nearly terminated. The heat, being greatest in the centre, must be equalized by pressing down 
and agitating the mass. The effervescence, agitation, and heat observable in the must are more 
intense when the skins, pippins, and stems are present. K the movement relaxes, the vat is mashed 
and the head precipitated several times. This is done by means of a stirrer, but it must be dispensed 
with when the skins exhibit any change. Acidity in the head is prevented by protecting it from 
the action of the air ; and by precipitating the froth in the bath, the ferment it contains becomes 
mixed with the liquid and nourishes the fermentation. The more completely the grapes have been 
crushed and the more carefully the saccharine fluid has been extracted from the cells, the more 
regularly the alcoholic fermentation develops itself. 

Sometimes insteaid of mingling the skins with the must in the vat, a lid pierced with holes is 
fitted to it in such a way that the skins are thus kept immersed in the must. This arrangement 
has some advantages and some drawbacks. Clearly it avoids the necessity for agitating the mass, 
since the solid particles are plunged into the Uqnid and the wine reaches the surface. A second 
cover surmounts the vat, but if it does not close hermetically and the air obtains free access to the 
wine, there is danger of its causing acidity. The fermentation may be left to complete itself without 
any manipulation, provided the second cover be perfectly closed, preserving ordy an exit for the 
generated gas by means of a bunghole of snfiicient size. This plan, however, is not in fiivour with 
the best authorities, who declare that considerable advantage is derived from mashing the mass 
while in the vat, since the wines gain in quality by the agitation. 

The carbonic acid which disengages itself from the mass, and the deleterious effects of which 
are well known, displaces the atmospheric air resting on the vat, and then falls to the bottom of 
the room by reason of its density. Ventilation must be provided with the utmost care in order 
to avoid the risk of suffocation to the workmen. Hilk of lime and alkaline solutions absorb it. 

The proportion of alcohol produced is in accordance with the sugar which the fruit contains, 
and is, in consequence, very variable, since the musts may have any density from about 8° 
to 18° B. (about 1‘060 to 1'143 sp. gr.). The proper moment for drawing off the wine and 
placing it in casks is when the fermentation has rendered the presence of the sugar insensible and 
replaced it by alcohol, though all the sugar has not absolutely disappeared, but sufficient still 
remains to excite the complementary fermentation in the casks. Concerning the colour of the 
wine, it may be remarked that it is more intense according as the fruit has been more pressed 
and longer fermented, as the grapes are riper, and as the wine is more alcoholic. As a general 
principle, lively and prolonged fermentation is destructive of bouquet and aroma, which constitute 
the merit of some wines; on the contrary, a very complete fermentation should be allowed to 
wines whose principal quality is alcoholic strength. Finally, energetic mashing, often repeated, 
prevents change in the “ head,” provided that the must has entered freely into fermentation under 
the influence of a sufficient temperature and with a suitable proportion of sugar. The disengage- 
ment of carbonic acid will be such as to obviate any reason to fear the access of atmospheric 
air, if the mass does not remain in the vat too long after the liberation of the gas is finished. 

The operation of racking the wine will presently be considered, but a few words must first be 
devoted to the “ fortification ” of wines, and the results to be expected from it. 

Fortification . — This consists in introducing a certain proportion of alcohol into the wine for the 
purpose of strengthening and preserving it, tlie alcohol opposing secondary fermentation by 
paralyzing the action of the ferment and precipitating the alfritminoid matters ; it also improves 
the condition of weak and acid wines. The operation may be performed either in the vat or in the 
casks, preferably the former. The must is fortified by adding a proportion of sugar corresponding 
to the alcoholic strength desired, or by adding alcohol itself when the fermentation is approaching 
its end, or about twelve to fifteen hours before racking. Wine in the cask is fortified by an addition 
of alcohol or by a mixture with very alcoholic wines. The wine may also be submitted to congelation, 
which removes a portion of its water in the form of ice. Fortification sweetens too acid wines, in 
that the alcohol precipitates the excess of cream of tartar, and combines in time with the free acids 
present to form ethers. It also affects the colour of red wines, alcohol being a solvent of the 
violet principle of the grapes. The colour of the wine is due to a mixture of this normal violet 
with a red colour due to the effect of the air and acids. It therefore follows that better results on 
this head are obtained by fortifying in the vat, for by direct fortification iu the cask the red tint 
is diminished and precipitated in the lees. 

It is evident then, that independently of its direct action, alcohol de-acidizes too acid wines, 
favours the formation of ethers, increases the colour, and gives a body to the wine. These are 
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gofScient reasons in its favonr ; but the direct addition of alcohol must almost always be condemned. 
Not only are the most detestable compounds brought into the market after treatment with alcohol, 
but the plan has also this great disadvantage, that wines so treated cannot possess that degree of 
homogeneity which arises from fermentation, and which is one of the principal merits of natural wine. 
Ill-advised, however, as the direct addition of alcohol is, it is, nevertheless, only too often resorted to, 
because the cost of the alcohol produced by fermenting additional sugar in the must is a trifle higher 
than the commercial price of manufactured alcohol. It docs occasionally happen, however, that good 
may result from the addition of alcohol to the must towards the end of the fermentation in the vat. 

Sacking. — From the preceding observations it is evident that the moment for racking wine 
cannot be submitted to fixed and invariable rules, but that it will differ with the climate, the season, 
the quality of the grapes, the nature of the wine to be produced, and other considerations which 
must not be lost sight of. The sinking of the head is not a sufBcient sign, as some wines should be 
drawn off before this happens, while others improve by remaining for some time afterwards. The 
cessation of sparkling and froth, indications drawn from the odour, taste, colour, cooling, and density, 
do not always form a safe guide, though the last mentioned does, in the majority of cases, mark the 
precise moment. Wines for distillation must be thoroughly fermented ; while weak, perfumed wines 
need less, notably some white wines whose speciality is to be sparkling. Backing must invariably 
be performed when the sweet taste has become insensible, and is replaced by a vinous flavour. The 
lowering of the density to 0° or 1° B., caimot always be considered a proof of the end of the 
feimentation, since the proportion of alcohol and other matters renders it inconstant. Ghaptal gives 
the following rules : — 

1, The must should ferment for a length of time proportionate to the sugar it contains; 2, It 
should ferment less for sparkltog wines, and be introduced into the casks immediately after pressing ; 
3, It should ferment leas as the colour is weaker; 4, It should ferment less as the temperature 
is higher and the mass greater ; 5, It should ferment less as the wine is to be more perfumed ; 
6, It should ferment longer if it is to be distilled ; 7, It should ferment longer as the temperature 
was lower at the time of vintage ; 8, It should ferment longer as the wine is to be more coloured ; 
9, And it should ferment longer in small vats than in large. Consequently the vatting may vary 
from 24 hours to 12 or 15 days. Nothing is more arbitrary in practice than the moment for racking, 
but there is no doubt it may take place the instant the active fermentation ceases, and the vatting need 
never be prolonged beyond 72 hours for very rich wines, and 30 to 36 hours for delicate wines ; while 
the latter period much more than suffices for very light wines or those for immediate consumption. 

The racking is done in a very simple way, either by a siphon or by a tap placed in the bottom 
of the vat, at the interior orifice of which a grating or birch broom has been placed to retain the 
pippins and impurities. The wine is caught in large tubs, and then filled into casks which have 
previously been scrupulously cleaned. 

When the vat has been emptied of wine, a residue is found in it composed of stems, skins, and 
pippins, as well as a variety of vegetable debris, froth, and albuminoid matters combined with tannin. 
The wine contained in it is removed by pressure. The mass is pbiced in the press, and the wine 
which runs from it is added to that already obtained without pressure. After the first pressing, the 
mass is turned over and pressed again till the fourth time. The product of the first pressing is the 
strongest, that of the last is the hardest, the most sharp, and the most deeply coloured. Often the 
products of these several pressings are mixed in separate casks to produce a deeply coloured wine 
that will keep very long; at other times it is mixed with the uiipressed wine to give it strength and 
a slight astringency, and to obtain one uniform product from the whole vintage. 

The solid mass of skins, &c., assumes almost the hardness of stone when well pressed, and is 
applied to several purposes. In some countries, it is used for brandy making ; in others it is treated 
with water to form a thin vinous drink for the labourers. Elsewhere, it is employed in the manu- 
facture of verdigris ; and again, of vinegar. It is widely applied to cattle feeding, and may be 
•burnt to produce alkali. The pippins form excellent poultry food, and yield oil. 

When the must has undergone its due period of active fermentation and has been placed in casks 
it has by no means reached its last degree of elaboration. There is still a modified amount of fer- 
mentation to be undergone, after which the inert alcohol deposits itself at the bottom of the vessel 
with the greater part of the insoluble suspended matters, thus constituting the “ lees.” In order 
that the wine may acquire its due degree of spirit, it is essential that all the convertible sugar be 
transformed into alcohol by the slow fermentation which follows the active process in the vat ; 
besides which, it must be made to keep by separating the deposits, the foreign suspended matters’ 
and the soluble substances, which might cause an alteration in it. The work thus entaUed consti- 
tutes the duty of the ceUarman, but before alluding to the several points involved, it will be neces- 
sary to say a few words about the cellars where the wine is worked and stored as well as about the 
preparation of the tubs and casks for its reception. * 

Maturatim and Storage. Vaults and above-ground CeUars.— The following rules should be 
observed with regard to a wine vault ; — 
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1. The vault should face the north, the temperature being then much less variable ; 2, It should 
be deep enough to ensure the temperature being constant; 3, Its humidity must be constant 
without being too great, for excess of moisture mildews the papers, taps, &c., while dryness may 
cause the casks to open and let out the wine ; 4, The light must be very subdued ; 5, It must he 
absolutely secure from disturbajwe, for the shaking caused by the passage of waggons along a road, or 
by a thunderstorm, stirs up the lees, mixes it with the wine and provokes acidification ; 6, All 
green wood, vinegar, or other substances likely to ferment must be kept away &om the vault. 
Accordingly the vault must be excavated several fathoms beneath the surface of the earth ; the 
outlets must face the north ; it must be distant from all roads, factories, streams, &c., and must 
be vaulted over. The beat vaults are generally those cut in solid rock. Above-ground cellars are 
built where the soil is sandy. They should unite as far as possible the same conditions as the 
underground vaults. The Bordeaux cellar is made in the toUowing way : — It is built as near to 
the fermenting vats as possible, of varying length, and about 20 to 25 yards broad. The floor may 
be on the same level as the earth outside, but the air is fresher when the floor is lowered a few 
inches, in the case of dry soil ; but where the soil is wet it should rather be raised a little. It should 
be shaded on the south by tall trees or by a building ; the windows, of very small dimensions, are 
pierced in the north wall. It is ceiled with plaster or planking. Four rows of casks are placed in it, 
two down the middle and one along each side, supported on long beams a few inches above the floor. 

Eeceptacles for Wine. — In principle, the most capacious and most tightly closing vessels are the 
best. Use is chiefly made of casks, of various sizes, constructed of oak, whose principal inconveniences 
are that they sometimes present soluble substances to the wine, and are more or less porous. When 
made, the wine is stored in casks or glass bottles. In any case, the receptacles must be thoroughly 
cleaned in good time before they are required. Those having an unpleasant smell after cleaning 
should not be used. The best mode of cleaning is as follows. The cask is first soaked in cold water, 
and then in hot water to swell the wood and close all interstices. It is afterwards thoroughly 
washed with a mixture of sulphuric acid with fifteen times its weight of water, and finally subjected 
to two washings, the first in boiling, the second in cold water, to remove all trace of the acid. 

During the “ insensible fermentation” in the casks, a more or less abundant froth forms on the 
surface of the liquid, and must be carefully removed. At this time, therefore, care is taken to keep 
the casks constantly full, in order that the scum may escape at the bung-hole which is only im- 
perfectly closed by a leaf or by lodging the bung loosely on it. In some countries, the level is 
adjusted every day during the first month, every four days during the second, and then once a 
week till the wine is drawn off. The intervals are modified elsewhere, the object being to let out 
the scum and prevent the action of the air on the wine while the disengagement of carbonic acid is 
relaxed or spent. 

The causes which diminish the contents of the cask are evaporation and absorption by the wood 
of the cask. The casks should be hermetically closed as soon as the generation of carbohic acid 
is not sufficient to oppose the free access of the air, but a vent-peg should be inserted for the 
purpose of letting out the gas now and again. The working of wine consists in a gradual and 
complete purification, performed after the fermentation, and intended to eliminate all convertible 
foreign matters, but especially the soluble and insoluble nitrogenous matters. 

For all wines of good quality the filling up should be done with the same wine, some being re- 
served specially for the purpose, but with common wines it may be done with the press liquor. In 
any case, the vessel containing the complementary wine should not bs left open. 

It is unnecessary to state that the casks ought to be raised on stands in the cellar, at such a 
height as to render the drawing off as easy as possible. They should also be placed perfectly hori- 
zontal, for if tilted up at the back, the lees collect at the front, rendering it necessary to place 
the tap inconveniently high in order to prevent it from running out with the wine ; and, if 
raised at the front, it is impossible to draw off the whole of the clear liquid ; whereas, when lying 
perfectly horizontally, the lees collect in the centre of the lower cavity, without being disturbeth 
when the wine is racked. The casks, thus disposed, must be inspected frequently, in order that any 
accidents may be discovered and remedied at once. This is especially necessary dming the month 
which precedes and follows the equinoxes; at these times, the wine is particularly subject to 
undergo fermentation, especially new and white wines. If allowed to ferment, the wine exercises 
considerable pressure in the casks, the staves frequently giving way unless an exit be made for the 
carbonic acid gas, or, rather, unless several litres of the wine be immediately removed from the 
cask. During the equinoxes also, the casks are liable to be rotted by vapours exhaled from 
the ground ; this is especially the case in deep cellars. Great care must be taken, too, to see that 
none of the casks become leaky or worm-eaten ; large quantities of wine may be lost from these 
rauses. ^ 

Drawing off.— There are so many influences which cause the lees to remingle with the wine after 
having deposited itself at the bottom of the vessel, that the first care necessary after the conclusion 
of the complementary fermentation, is to separate the wine from the deposit by drawing it off. 
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This is performed at various times according to Eincy, but the most reliable rule is that weak wines 
should be drawn off in winter, medium wines towards the end of that season, and strong, full-bodied 
wines in summer. The operation is repeated as many times as may be necessary for the purification 
of the wine. It is best performed by means of a siphon, or a simple air-pump. 

As long as a wine preserves its colour, flavour, and aroma, there is no necessity for re-racking it ; 
but as soon as it begins to lose its transparence, becoming turbid and flavourless, it must at once be 
drawn off into another cask, which has been well sulphured the moment before. The effects of 
sulphuring are pointed out in the ensuing paragraph. 

Sulphuring. — This operation consists in burning sulphur in the casks. Its first effect is to make 
the wine thick and its colour disagreeable, but the latter returns in a short time, and the wine 
clarifies itself. Its object is to prevent acidification and all ulterior fermentation. It also displaces 
the air. 

Wines are sometimes sulphured without being withdrawn from the cask. A small quantity is 
drawn off, and the sulphmed wick inserted at the bung-hole and burned just above the surface of 
the wine. While the empty portion of the cask is filled with the sulphurous gas, the bung is 
replaced, and the cask agitated violently, in order that the gas may be entirely dissolved. The 
cask is then refilled with wine. Another method of sulphuring wine consists in introducing a 
small quantity of a solution of the sulphurous gas in water. 

Clarification. — The processes of racking-off and sulphuring remove a large portion of the im- 
purities of a wine, but there still remain particles of suspended matter, which must be precipitated 
by a process of artificial clarification. This process not only removes suspended matters but aids in 
precipitating dissolved impurities, even after a considerable lapse of time. Hence it constitutes a 
powerful means of improving and preserving wines, and cannot possibly be dispensed with. The 
substances most commonly employed to effect this clarification are fish gelatine, the whites of eggs, 
blood, and various other substances artificially prepared. lyhen fish gelatine is employed, it 
should be chopped into small pieces and stirred up with a little wine and an equal weightjof 
tartaric acid : it swells, softens, and forms a glutinous mass. This is thrown into the wine in 
small quantities and with much stirring, after which the wine is left to stand. During this time, 
the gelatine combines with the tannin of the wine and falls to the bottom, carrying with it all 
particles of suspended matter, and leaving the wine clear and bright. Five grammes of fish 
gelatine is sufficient to clarify 150 litres of wine. To prepare it for use, 5 grm. may be dissolved 
in7J decilitres of white wine and made up to the litre with brandy; this preparation will keep 
indefinitely if kept tightly corked. In warm climates, egg-albumen may be used with advantage 
in winter; the whites of five or sis eggs are sufficient to clarify 150 litres of wine. They are 
beaten up with a pinch of salt, and then thrown into the cask. Eggs which are not absolutely 
fresh must not on any account be employed. Blood-albumen may be substituted either for fish 
gelatind or white of eggs ; one portion is coagulated by the alcohol, and the rest combines with 
the tannin and colouring matters of the wine. Its use tends greatly to improve the colour of the 
wine, especially if its colour has become altered by age. In order to preserve blood, it may either 
be mixed with an equal portion of alcohol at 58°, or it may be dried. Many different powders, 
consisting of albumen in various forms and bearing particular names, are prepared and vended in 
France as clarifying powders. 


Classification of Wnes.— Wines may be divided into several different classes, according to the 
point of view from which the classification is regarded. The most obvious division is that of 
colour : they may be either white or red. 'White wines are prepared from both white and black 
grapes, but the juice after expression is not allowed to remain in contact with the skins and.seeds 
of the black variety, or it will extract the colouring matter. Bed wines are made from the black 
grapes only, and the must is allowed to lie upon the seeds and skins until it has become of the 
desired colour. Or wines may be classed again as “sparkling" or “still” wines. The qualities 
of spaiklmg wines are afforded to them by placing in the bottles a little cane-sn-ar and so 
causing them to undergo a second fermentation; still wines are those which have not received this 
addiliouof sugar. A very common classification of wines is as “dry” or “fruity”- the former 
being those, like Rhenish wines, which contain Uttle or no free sugar, and the latte’r those like 
port and sherry, which contain much sugar and have a sweet or “ fruity ” flavour. Wines may be 
further spoken of as simple or compounded, or mixed, the latter being, of course, mixtures of two 
or more simple wines made for the purpose of blending their distinctive qualities of taste bouquet 
and colour. Such mixtures are much drunk in this country. ’ ^ ’ 

The wines of the South of France are strongly alcoholic, stimulating, and of a warm flavour 
Some of them are highly aromatic and saccharine and all possess a fine, delicate aroma. Those of 
Champagne and Burgundy are moderately alcoholic, full-bodied and delicately perfumed ■ they are 
both red and white. The Spanish wines, port, sherry, and Madeira, are thimost alcoholic wines 
made; tie former is dark in colour and the two latter are white or golden ; all of them have an 
exquisite bouquet. The wines from the Rhine are dry and acid, of a light flavour, and poor in 
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alcohol, and of a fine golden colonr. Bordeaux wines are tonic and astringent, nutritire, stomachic, 
and of a delicate flavour and perfume. Those of Tokay, Alicante, Malaga, Malvoisie, and Cyprus 
are very saccharine, tonic, and stimulating. 

Preservation of Wines. — The preservation of wine presents no serious difficulties provided that 
certain rules be carefully attended to. The principal conditions of success are the following : — 

1. The more alcohol a wine contains, up to 18 or 20 per cent, by volume, the better it will keep. 

2. It should also contain a good proportion of free sugar. 

3. A wine, though rich in alcohol and poor in sugar, is more liable to spoil in proportion as it 
contains germs of nitrogenous organic matter, whether soluble or insoluble, coagulable or uon- 
coagulable by heat. 

From these conditions, it will be seen that when wine contains an average proportion of alcohol, 
or of alcohol and sugar, but when by repeated rackings all suspended matters have been removed, 
and if it contain sufficient tannin to effect the removal of soluble albuminous substances, and the 
processes of clarification have been scrupulously followed out, there is nothing to prevent its being 
preserved for an indefinite length of time, provided it be kept from the oxidizing action of the air. 

The principal alterations and maladies to which ill-made or carelessly stored wine is liable are 
acetous and viscous fermentation, excess of astringent or of colouring matters, ropiness, and bitter- 
ness. These may all be avoided by careful attention to the rules which have been given for the 
proper conduct of the various processes. 

Testing Wine. — The good or bad qualities of a wine may be recognized by the application of three 
senses — sight, smell, and taste. An eye accustomed to the examination of wines can readily discover 
whether the colour is homogeneous or not, and whether it is natural or artificial. By the sense of 
smell, the aroma of different wines is distinguished one from another; this method of examination 
becomes an almost infallible indicator when the organs of smell are extremely sensitive. The 
sense of taste, when carefully exercised, is the most to be relied on. When a wine is pure and un- 
adulterated. the different component principles are blended together, forming a perfectly homogeneous 
whole, which leaves one flavour only upon the tongue and the roof of the month ; but when the wine 
is the result of a mixture, the constituents are not intimately combined, but merely loosely mixed. 
By keeping such wine in the mouth for a short time, the warmth volatilizes the lighter and more 
volatile constituents, rendering them at once sensible to the roof of the mouth, while the extractive 
and heavier matters are made evident to the tongue and lower part of the mouth ; if the wine has 
been diluted with water, it is detected at once by a practised taster, by a sensation of flatness and 
insipidity. Physical and chemical instruments, such as thermometers and cenometers, are frequently 
employed in testing the qualities of wines, in order to ascertain their vinous or saccharine richness. 

Mixing Wines. — The mixing of wines is performed in order to rectify certain defects by bringing 
together two opposite qualities. Thus red wines are mixed with wines of too light a colour ; light 
wines, containing little alcohol, with stronger wines, in order to ensure their preservation, and so 
on. i These mixtures, when judiciously made and in proper proportions, always produce wines 
superior in quality to either of the two originally mixed ; they are generally more wholesome and 
more agreeable. The art of making such mixtures is a difificult one, since not only have the 
appearance, the taste, and the smell of the wine to be consulted, but also the taste of the consumer ; 
hence it is not possible to base it upon any definite rules. 

The wines of Southern France are dark and heavy, but when mixed with white wines, obtained 
from a light, chalky soil, they yield splendid wines of a beautiful, brilliant colour. If a fresh, sweet 
white wine is mixed with an acid wine, the product is also one of very good quality. A small 
quantity of a new wine, or two or three years old, added to an aged wine which has lost its fresh- 
ness, or has begun to turn bitter, completely restores it, and often quite removes the bitter flavoiu. 
Highly coloured red wines, when mixed with white ones which have become yellow, are much 
improved in flavour and quality. 

The practice of mixing wines not only improves and assists in preserving them, but also renders 
them capable of being transported for great distances without fear of injury, which could not 
possibly have been the case with the unmixed wines. 

The well-known harshness of some Bordeaux wines is frequently corrected by adding Hermi- 
tage, and colouring with those of Cahors, Card, and Herault ; these mixtures can only be made 
when the wine is new, in order that, after mixing, they may undergo an insensible fermentation, by 
which the added wines are closely united with the Bordeaux ; the result is a fine wine commonly 
sold as Medoc. 

It will thus be seen that the wines to be used for mixing, and their proportions, vary extremely, 
and must be adapted to the different tastes of different consumers. The taste of the majority of 
Englishmen is quite d^erent from that of the Russians, and that of the Russians is different again 
from that of the Germans ; and therefore the wine-dealer is obliged, in order to satisfy aU demands, 
to make a profound study of this question of mixtures. He has also, by various means, to increase 
the strength of his wines, especially if they are destined for the English market ; this he frequently 



442 


BEVEEAGES. 


effects by adding alcohol, in proportions of 2 to 5 litres to each cask of wine, or by provoking a second 
fermentation in it by adding nnfermented most, in close vats. 

In the South of France, the wines chiefly nsed for mixing are those of Alicante, Bemicarlos, 
Hermitage, Rousillon, Gaillac, and others. In Burgundy, when the vintage has been a small one, 
the deficit is made up by adding equal portions of the wines of Tavel, Cher, Rousillon, or Narbonne, 
and then a sufScient quantity of water to bring the mixture to the regular alcoholic strength. 
These wines, when brought together, speedily undergo a continuation of the fermenting process, 
which renders them absolutely homogeneous, and produces a wine which cannot be distinguished 
from the finest Bordeaux. For a wine of the first quality, the proportions of the mixture are 

Wine of Cher 1 pipe. 

„ Marseilles 1 „ 

„ Bordeaux (white) 1 „ 

„ Rousillon 10 gals. 


For a wine of the second quality ; — 


Wine of Touraine 1 pipe. 

„ Rousillon 10 gals. 

And for an ordinary wine : — 

Wine of RousUlon 1 pipe. 

„ Burgundy 30 gals. 

River or rain water 1 pipe. 

Alcohol ‘. .. 5 quarts. 

Good vinegar 1 quart. 

Tartaric acid 500 grm. 

Tannin 59 „ 


When the wine is of too deep a colour, a dry, white wine may be substitnted for tlie Burgundy. It 
is advisable to allow the mixture to stand for a month or more. 

It is often the practice to send mixed wines into the market as soon as they are made; but this 
is a great mistake, since the elements of the mixture have not had time to become properly mixed and 
to form a homogeneous whole. A month is generally sufBcient to effect this, but in the case of some 
wines a much longer time is requisite ; others, indeed, never mix at all, the particular taste of each 
single wine is distinguishable after a considerable lapse of time. 

When a wine possesses certain characteristics which render it of superb quality, it ought never 
to be mixed with otlier and inferior wines, as is too frequently the case. An old wine, unless it is 
deteriorating and lacks freshness, ought not to be mixed with wine of less than two years of age, 
at the risk of losing both bouquet and colour. No wine which has undergone alteration or deteriora- 
tion of any kind should ever be used for mixing, or the disease will inevitably spread until the 
whole mixture is ruined. The improvement of a wine is commonly effected in one of two ways: 
either by natural means, such as mixing it with one or more different wines ; or by an artificial 
method, such as imparting to the wine itself, or to the mixture, those particular principles which 
are lacking. Examples of the firj,t method are afforded by mixtures of the wines of Touraine and 
Cher, made for the purpose of improving the former ; by mixtures ot different brands of Burgundy ; 
by mixtures of strong and weak wines, or of a wine which is becoming enfeebled by age with 
another of the same brand but some years younger, &c., &c. By the second method, wines lacking 
sweetness are improved by the adrlition of syrup ; wines which are too sweet, by the addition of a 
little solution of tartaric acid; those wanting in bouquet, by affording to them the particular 
bouquet by which they are characterized ; and those which have none at all, by the addition of 
any which may be desired. By these and various other methods, and with the exercise of a good 
deal of judgment and experience, the wine merchant is able to remove or cover any defect to which 
a wine is liable. 

In these processes of mixing consists the great art of cellar management, and to such an extent 
is it carried on, both abroad and in England, that it may be confidently asserted that few wines ever 
reach the consumer in an unmixed or natural state. 

Strengthening TF/ncs.— Wines are often strengthened by the addition of alcohol, for the purpose 
of rendering them preservative and preventing alteration. The fortification is generally performed 
with Montpelier spirit, of 80° ; it is preferable, however, to use spirit of about 58°, obtained by 
distillation. This method of fortifying wines is very defective, since it imparts to them a crude, 
rough fiavour and odour, which will not permit them to be used for a very long period. To avoid 
this, the following mixtures may be employed with advantage, instead of the raw spirit 

70 li^es. 

White sugar 6 kilos. 

Carbonate of soda gnu. 

Pure tannin 15 

Alcohol (86°) 25 litres. 
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Or better still : — 

Water 

White sugar .. 
Carbonate of soda 
Pure tannin .. 
Brandy (58°) .. 


57 litres. 
6 kilos. 
30 grm. 
15 „ 

38 litres. 


In making the first of these preparations, the sngar and carbonate of soda are dissolved in the 
water, and the spirit is then added. For the second, the sugar, previously dissolved on the fire in 
a little water, is added to the brandy, then the carbonate of soda, also dissolved in a little water, 
and finally the rest of the water is added. These preparations improve much on being kept. Their 
use will preserve wines from many maladies, and will even restore those which have been suffered 
to spoD. 

Imitation of Wines . — The practice of adding various substances to inferior wines, in order to pass 
them off as wines of great age and value, has become extremely wide. All sorts of tinctures and 
infusions are employed in making these imitations; and it will be well to give here the recipes 
from which they are chiefly prepared, and then to point out briefly the methods used to imitate 
certain wines of well-known brands. The following are a few recipes for these tinctures ; — 


Tincture of Iris. 

Alcohol (50° to 58°) 1 litre. 

Water } „ 

Florentian irisipowdered) 125 grm. 

Allow to stand for twenty-four hours ; then distil to obtain 1 litre. 
Tincture of Strawberry roots. 

Alcohol (85° to 90°) 5 litres. 

Dry strawberry roots (powdered) 500 grm. 

Tincture of Iron. 

Oxide of iron 500 grm. 

Crystallized tartaric acid 500 „ 

Water 2 litres. 

Dissolve these by heat. 

Tincture of the dried husks of nuts. 

Alcohol (85° to 90°) 5 litres . 

Dried husks 500 grm. 

Infusion of Easpberries. 

Alcohol 10 litres. 

Easpberries (ripe and picked) 10 kilos. 

Tincture of Almonds, 

Alcohol (85° to 90°) 5 litres. 

Essence of bitter almonds 5 grm. 


These preparations, after about a month or so, may be ntiUzed in imitating various different wines. 
If it be required to make Burgundy, Macon, or Bordeaux, those wines are chosen which most resemble 
the one required in age, colour, strength, &o. For Burgundy, a small quantity of the infusion of 
raspberries is added to each cask, either alone or with a little of the tincture of almonds. For 
Macon, the infusion of the husks of nuts and the tincture of strawberry roots are employed, a 
litre of each being added. For Bordeaux, the tincture of iron is used to produce the characteristic 
roughness ; 1 to 2 litres of the infusion of raspberries to every cask of 280 litres ; and a minute 
quantity of the tincture of iris to give the bouquet. The exact quantity of these tinctures 
required to give the right flavour or bouquet must be left to the dealer, as they depend entirely 
upon the nature of the wines dealt with. 

Various shades of colour are imparted to wine, when necessary, by adding small quantities of 
tinctures made from different foreign woods. Some wines, owing to age, begin to lose their 
characteristic qualities ; this is frequently prevented by adding to it wine of the same brand, but 
perfectly new, by which means the old wine regains its freshness, colour, or bouquet. As a rule, 
however, the older the wine the finer does it become and the more agreeable is it to the palate. 
For this reason, many plans have been resorted to in order to make a new wine pass for an old one. 
These methods rarely succeed in deceiving a practised taster, and since they almost always injure 
the wine to some extent, they are not by any means to be recommended. 

It is seldom absoliSely necessary to impart fictitious colours to wines, but .t is the custom to do 
so in order to gratify the eye of the consumer; this is especially the case in seasons when the grape 
has not arrived at full maturity, and the wine is, consequently, of a poor colour. Many colouring 
preparations are made for this purpose from different Indian and Brazilian woods, and from the 
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seeds and berries of the elder-tree, privet, danewort, whortleberry and other plants. By the nse of 
such preparations any desired shade of colour may be easily obtained. A much better means of 
imparting colour will, however, be found in the employment of red hollyhock flowers, dried and 
picked, and steeped in either red or white wine. This preparation, made when required or a few 
days previously, will serve to give a white wine any desired shade of red ; and if kept for some 
time, it becomes capable of imparting n very fine brownish-red tinge. Its special advantage is 
that it cannot be detected in wine by any process whatever. By fermenting mulberries, a preparation 
may be made, having not only a magnificent colour, but a very fine perfume also ; by mixing it 
with brandy, a colouring medium is obtained which is quite equal to the preceding, and of a far 
superior aroma. These substances, and some others, have been employed in France for colouring 
wines with the most complete success. 

The method of making the first-mentioned colouring preparation, viz. that from the hollyhock, 
is as follows : — To operate on a large scale, a cask is raised slightly from the ground on a wooden 
stand ; this cask has a trap-door in its bottom, for the introduction and withdrawal of the flowers, 
and also a perforated false bottom, placed about 4 in. from the real bottom, and a stop-cock 
midway between the two. It is then filled to nine-tenths of its capacity with dried and carefully 
picked leaves of the red hollyhock flowers, and wine poured upon them until the cask is quite full, 
when it is covered over. After a period of eight days or more, the wine is drawn off into another 
cask and the flowers allowed to di-ain before being covered with wine afresh ; the second infusion is 
added to the first. A little tartaric acid is added to the tincture in order to brighten the colour, and 
also a quantity of alcohol, after which the whole is allowed to age. The flowers may be infused 
once or twice more, and should finally be well pressed to extract the remaining drops of wine. 

Three hundred grammes of the leaves are sufficient to impart to 100 litres of white wine, a fictitious 
colour resembling that of the wines of Narbonne. In order to know what quantity of the flowers is 
necessary to heighten the colour of a light wine to the required degree, a litre of the wine is taken 
and such a quantity of the tincture is added to it as is necessary to produce that colour, the 
quantity being carefully noted. The correct proportion required to colour 100 litres, or any other 
quantity, can then be readily deduced. 

The method generally employed to extract the colouring matter from the berries of the elder- 
tree, privet, danewort, whortleberry, or mulberries, consists in bruising the fruit and subjecting it 
to fermentation, with the addition of a little water if necessary. Or the fruit may be infused 
simply in alcohol, at from 65° to 85° ; such infusions have a finer aroma than the products of 
fermentation, and they are more readily preserved. A little solution of tartaric acid may be added 
to them with advantage about once every month. 

Fruity or Uqxtear wines contain less water and more sugar and alcohol than the dry wines, and 
have also a stronger aroma. They are generally of a somewhat syrupy consistence. Owing to their 
large proportions of alcohol and sugar, they have the property of keeping for many years without 
undergoing sensibie change. The best known and most esteemed of these wines are those of 
Alicante, Grenache, Cyprus, Lacrymae Christi, Madeira, Malaga, Port, Sherry, and Tokay. The 
liqueur wines of commerce are, however, almost always imitations, made at Cette or Mont- 
pelier. They are made by mixing different wines with alcohol and sugar, and some aromatic 
infusion, in such proportions as agree with the character of the wine imitated. These aromatic 
substances are very numerous ; those most frequently employed are infusions of raspberries, green 
walnuts, cloves, iris, and bitter almonds ; recipes for these are given below : — 


Infusion of raspberries.— Alcohol (85°). An equal quantity of ripe and carefully picked raspberries. 


Infusion of green walnuts. — Alcohol (8.5°) 100 kilos 

Green walnuts 100 „ 

Infusion of cloves. — Alcohol (58°) 4 litres. 

Bruised cloves 500 grm. 

Infusion of iris. — Alcohol (85°) 4 litres. 

Grated iris (Provence) 500 grm. 

Infusionof bitter almonds. — Shells of bitter almonds 20 kilos. 

Alcohol (58°) 40 litres. 


The shells should be roasted like coffee berries, and placed in the spirit while hot. 

These infusions ought to be made a month or two before they are required for use. The recipes 
of some favourite liqueur wines are as follows : — 


Alicante. — Wine of Bagnols 80 litres. 

Alcohol (85°) 9 ^ 

Syrup of raisins 

Water 5 ” 

Mix well together, and add a little of the infusion of iris. 
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Cyprus. — ^Muscatel (very old) 

White wine (dry and alcoholic) 

Alcohol (85°) 

Infusion of walnuts 

White sugar 

Water 


25 litres. 
64 „ 

5 „ 

1 „ 

2 kilos. 
1 litre. 


Mix the different wines together ; add the alcohol and the infusion of walnuts ; dissolve the 
sugar in the water, and boil tUl the solution becomes of a golden colour; add it to the mixture, 
w ith a little of the infusion of cloves. 


Grenache. — Collioure (dry) 80 litres. 

Syrup of raisins 12 „ 

Infusion of walnuts 1 „ 

Infusion of hitter almonds 1 „ 

Alcohol (85°) .. • 5 „ 

Burnt sugar (yellow) .. .. 500 gim. 

Proceed as for Cyprus. 

Lacrymae Christi. — Bagnols (old) 85 litres. 

Gum kino 50 grm. 

Infusion of walnuts .. I litre. 

Syrup of raisins 6 „ 

Alcohol (85°) 8 „ 

Dissolve the g;nm kino in the alcohol ; mix the whole together, and allow to stand. 

Madeira. — Picardan (dry) 60 litres. 

Tavel (old and strong) 25 „ 

Infusion of walnuts 2 „ 

Infusion of bitter almonds 2 „ 

Sugar candy 1 ‘5 kilos. 

Brandy (58°) 10 litres. 

Melt the sugar candy in a portion of the wine and mix the whole together. 

Malaga. — Bagnols (old) 80 litres. 

Syrup of raisins 10 „ 

Infusion of walnuts 2 „ 

Alcohol (85°) 8 „ 

Proceed as for Madeira. 


Port.— Eousillon (old) 70 litres. 

Old Ratafia 25 „ 

Alcohol (85°) 5 „ 

Mix thoroughly, and set aside for two months. 


Sherry. — Add to the substances indicated for Madeira, from 1 to 2 litres of an 
infusion of white raspberries. 


Tokay. — Bagnols (very old) 

Syrup of raisins 

Dried elder flowers 
Infusion of white raspberries 
Infusion of walnuts 
Alcohol (85°) 


80 litres. 
10 „ 
300 grm. 

2 kilos. 
1 „ 

6 litres. 


Dissolve the syrup in a little warm water ; infuse the elder flowers in it until cold ; pour the 
wine upon it, and agitate the whole br iskl y. 

The two most important fruity wines, viz. port and sherry, are adulterated to an enomious 
extent. In Portugal the juice of elderberries is largely added to port in order to heighten 
its colour, and extract of rhatany for the purpose of improving the colour and imparting an 
astringence to the wine. In England, beetroot, Brazil wood, the juices of elderberries and whortle- 
berries, the pressed core of elder-wine, extract of logwood, &c., are commonly added to port to give 
it a fictitious colour ; and oak sawdust, alum, and extract of rhatany to give it an astringent taste. 
A mixture of elder-juice, grape-juice, brown sugar, and crude brandy, called “jerupiga," is the 
commonest adulterant of port, both in this country and in Portugal ; its addition to the wine in bond 
is permitted by the Custom-house authorities. 

A mixture commonly sold for sherry consists of Cape wine, to which a nutty flavour is imparted 
by means of bitter almonds, and a fulness by the addition of honey, and rendered more alcoholic by 
a little plain spirit or pale biandy ; this mixture is subjected to an insensible fermentation, and is 
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then sold as good sherry. Sherry is coloured by means of concentrated must, burnt sugar, or spirit 
colouring. 

All the wines which have .been considered above are the phre, genuine wines of the grape. 
Large quantities of imitation wine are manufactured, however, both in this country and in France, 
and it is now bought and sold to such an extent among the poorer classes that it is desirable to 
describe here the methods by which this inferior wine is made. Ditferent recipes in common use 
for its preparation are therefore given in full. 

1. To make 150 litres, take 50 litres of wine of KonsUlon, Narbonne, or St. Gilles, of three years 


of age, and 100 litres of the following mixture : — 

Cold river water 85 litres. Tartaric acid 300 grm. 

Common brandy 20 „ Powdered iris 15 to 20 „ 


Good vinegar 1 | Powdered wood charcoal . . . . 500 „ 

Place in a barrel the water, vinegar, and brandj ; dissolve the tartaric acid in a little of the 
mixture, and stir up the charcoal in it, returning the whole to the barrel and mixing well together ; 
beat up the whites of two eggs in a little water and add them to the mixture with constant stirring. 
In twelve hours’ time the liquid will be clear, when it is drawn off and mixed with the wine ; in a 
month or two the liquor is fit for consumption, and possesses the flavour, strength, and colour of a 
good red wine. 

2. Add to 100 kilos of unpicked grapes 100 litres of the following mixture : — 

Eiver or rain water 100 litres. Boracic acid GO grm. 

White sugar 18 kilos. Gall nuts (well bruised) . . . . 30 „ 

Cream of tartar (powdered) .. 300 grm. Common salt 100 „ 

Infuse the gall nuts for twenty-four hours in an earthenware vessel with 1 or 2 litres of boiling 

water. Then crush the grapes in a barrel, slightly raked from the ground and having a stop-cock. 
Take 25 or 30 litres of the water and heat just to boiling ; dissolve in it, first the boracic acid, then the 
cream of tartar, and afterwards the sugar and salt, adding the solution to the remainder of the water. 
Pour in the infusion of gall nu ts and add the whole to the crushed fruit in the barrel ; mix thoroughly 
by agitation. 

The mixture thus made begins spontaneously and almost immediately to ferment, which continues 
for a week or more. In order to impart a good colour to the wine, the stems and skins of the fruit 
are allowed to remain in the fermenting liquor, and kept at the bottom by means of laths. The 
barrel is carefully covered during the process. If a deeper colour be required, it may be imparted 
by adding 200 or 250 grm. of dried hollyhocks before fermentation. This process complete, the 
wine should stand for a day or two, and may then be drawn oif into a cask, when it enters at once 
into the secondary or insensible fermentation. 

3. Another common wine is often made from the marc resnlting from the process just described, 
which Is usually rich in fermentable matter. One hundred litres of water containing the same 
ingredients as are mentioned in the last recipe, and also 200 grm. of dry, picked hollyhocks, are 
added to this marc. In less than two hours, fermentation commences, and proceeds for some days, 
after which the liquor attains considerable strength and a good colour. It is usually added to tte 
wine made by the preceding recipe. 

Instead of the 18 kilos of sugar employed in the first recipe, 30 kilos of syrup may be used, the 
other ingredients remaining the same. To obtain wine of good quality and capable of long 
preservation, the must should indicate at least 10° by the saccharometer before fermentation. It is 
needless to state that the more sugar the must contains, the stronger and better will be the wine 
produced. 

4. A very cheap wine may be made by placing in a bucket 40 or 50 litres of river water, and 
adding 35 to 40 kilos of raisins. Dissolve also 200 grm. of cream of tartar, and 40 grm. of boracic 
acid in 1 or 2 litres of boiling water, and pour the solution upon the raisins. When the fruit has 
swollen until the skins are almost bursting, the liquor is poured off it, and it is placed in a barrel 
with 100 litres of the mixture described under the second recipe ; the barrel is then covered over, a 
small outlet being left for the eseape of the gas. Fermentation commences only after a day or two, 
and should be provoked by incessant stirring for a few hours. The wine made in tbia way should 
be clarified in a month’s time with the whites of six eggs to each cask. In the bottles it is very 
bright and sparkling. If suffered to age in the cask it becomes dry, heady, and pleasant to 
the taste. 

5. For another wine, either white or red, the ingredients are : — 

White sugar 5 kilos. Common brandy .. c. .. 12 litres. 

Eaisins 5 » Eiver water yS , 

Common salt 125 grm. Gall nuts (bruised) 20 grm. 

Tartanc acid 200 „ Brewer’s yeart (in paste) . . 200 
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Soak the raisins in a little of the water until they swell ; dissolve the tartaric acid in 2 litres 
of hot water ; infuse the gall nuts for twenty-four honrs in 2 litres of boiling water ; then dissolve the 
sugar and salt in the remainder of the water, place the whole in a cask ; add first the brandy, and then 
the yeast beaten up in two tumblerfuls of water, and stir up briskly with a stick inserted through 
the bung-hole. In twelve hours’ time, if fermentation has not commenced, it is provoked by 
renewed stirring, and then left to proceed of itself. 

To make this wine of a red colour, it is necessary only to add to the above ingredients 250 to 
300 grm. of dry, picked hollyhocks, taking care to keep them at the bottom of the cask. 

Deterioration of Wines . — Nearly all wines are subject to alterations of different kinds, many of 
them being easily prevented or cured ; some occur naturally, whilst others are accidental. Those 
are considered to be natural disorders which are not brought about by outside causes, such as 
ropiness, sourness, bitterness, and loss of colour. Accidental disorders are principally the results 
of frost, contact with the atmosphere, or taints derived from the cask, mouldiness, and bad eggs. 
The means employed to correct these disorders have to be modified according to the age of the wine, 
and to the nature and development of the alteration. 

When a wine becomes ropy, it loses its fluidity and becomes oily. White wines are most 
subject to this disorder, and especially those which have not been allowed to complete their 
fermentation. It occurs chiefly alter a rainy season, when the wine contains but little tartar and 
tannin. It rarely needs special treatment, as the wine usually recovers in the course of time ; if it 
does not, a good cure is to add 30 grm. of pure tannin dissolved in half a litre of alcohol at 85°, 
and to whip the mixture well. Sourness is the most common disorder of all wines ; it occurs 
chiefly in wines fermented in the presence of air. To avoid it, the casks destined to receive wine 
should always be sulphured, as has been stated already; great care must also be taken to allow as 
little contact with air as possible, both during fermentation of the must and the several racking 
operations. It is almost impossible to permanently restore a wine which has advanced far in this 
malady, since it almost invariably reappears after a length of time, however much care be taken to 
avoid it. The best way out of the difficulty is either to mix it with a sweet wine for immediate 
consumption or to dispose of it to the vinegar manufacturers. 

Bitterness is a common disorder of aged wines and especially of Burgundy ; it is always 
preceded by an alteration of colour. It may be remedied by adding to each cask affected, 135 grm. 
of tartaric acid, or more, according to the degree of bitterness, and from 10 to 15 grm. of tannin. 
This treatment generally arrests the progress of the malady, and if after eight or ten days it be 
drawn off into a sulphured cask, clarified, and treated with 200 grm. of well-washed vegetable black, 
it will probably be restored to its original condition. 

One of the principal accidental alterations of wine is the effect of heat. Too high a temperature 
in the cellar is likely to excite active fermentation in the casks, which frequently results in the 
bursting of the latter and the entire loss of the wine. To avoid this, a quantity must be drawn 
from each cask, and air freely admitted, in order to check the process. Sometimes ice is introduced 
into the casks, or a quantity of fresh cold water for the same purpose. The most effectual remedy, 
however, is to submit the wine to two consecutive tackings and clarifications in a well sulphured 
cask, with the addition, before each racking, of from 400 to 500 grm. of powdered wood charcoal. 
When, in very cold weather, a portion of the wine has become frozen, it is best to draw off the liquid 
portion, since that which is solidified is nothing but water and may be removed without injury, the 
wine being rather strengthened and improved thereby. If the wine be allowed to melt again, the 
colour will be seriously impaired. The casks into which it is drawn must be well sulphured, and 
a little tartaric acid may be introduced with advantage, in order to assist in restoring the natural 
colour. 

Taints arising from mouldiness are due to the condition of the casks when filled. Wines tainted 
from this cause, or from the use of unsound eggs in the clarification, must never be mixed with 
other wines, or they will infallibly impart their disagreeable taste to the whole mixture. When so 
tainted, the wine should be racked off, and pieces of well-burnt wood charcoal introduced into the 
casks to purify it. It may then be racked again on the following day, with the addition of 500 grm. 
of good oil, well whipped in. It will not be fit to mix away with other wines until it has stood in 
the cask at least a week or ten days. 

Wines which have been affected with any of the disorders mentioned above, and successfully 
treated, should be at once disposed of for immediate consumption, since the affection is Uable to 
return, after a lapse of time, with renewed energy. Eopiness is the only disorder which it is possible 
to effectually and permanently cure. 

Bottling . — The secret of bottling wine with success consists in the exercise of much care and 
cleanliness. The botfjps should be sound, clean, and dry, and free from the least trace of musti- 
ness. Experience proves that wines bottled in fine, dry weather preserve their clearness and 
liquidity much better than those bottled in damp weather, or in a southerly wind. The wine 
should be clear and brilliant, or it must be carefully fined and clarified before being finally bottled. 
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Indeed, it is well to submit it invariably to this process previously. Care must be taken to avoid 
shaking the cask, and so distributing the sediment during the operation. The remaining portion, 
which cannot be drawn off clear, should be strained through the “wine-bag” and then bottled as 
inferior wine. The corks should be of the best quality, and immediately before being placed in the 
bottles sliould be compressed by means of a cork-squeezer. They should also be coated with a wax, 
when inserted, in order to preserve the mouth of the bottle from moisture, insects, &c. A good 
recipe for such wax is to mix and melt together the following substances : — 

Kesinous pitch 1 kilo. I Tallow 100 grm. 

Burgundy „ 500 grm. | Prussian red 125 „ 

The quantity so made is sufficient to wax 300 bottles. In performing the operation, in order 
to avoid bursting the bottles, the mixture must be kept melted at a heat below its boiling point, 
and the necks of the bottles must be perfectly dry. 

When the process is finished, the bottles should be stored in a cool cellar, and on no account 
placed in an upright position, or in damp straw, but on their sides, in sweet, dry sand or sawdust. 

To give a wine sparkling properties, a few grains of white lump-sugar or of sugar candy may be 
introduced in the bottles before finally stoppering. Champagne is invariably treated in this way 
in France. The sugar undergoes gradual fermentation during the sojourn of the wine in the bottle, 
and a quantity of carbonic acid gas is thus formed and held in solution until the bottle is opened, 
thus affording to it the agreeable briskness and creaminess, which are so much prized in sparkling 
wines. 

Wine-production. — Among the wine-producing countries of the whole world, France occupies the 
first place both for quantity and quality. In the year 1788, the total amonnt of space covered by 
the vine in that country was about 3,365,000 acres ; in 1829, it was estimated at 3,975,000 acres : 
in 1849, at 5,482,000 acres ; in 1859, at 5,875,000 acres ; and in 1869, at 5,975,000 acres. At the 
present time, notwithstanding the loss of Alsace and Lorraine, the area covered by vineyards in 
France may be considered, in round numbers, 6,500,000 acres. These figures serve to show to what 
an enormous extent the cultivation of the grape has increased during the last century. 

The departments in the south-east of France are admirably situate, as regards climate and soil, 
for the production of good wine ; the produce of this region might be made equal in every respect, 
if not superior, to the wines of Beaujolais, Medoc, Hermitage, and Tokay. Unfortunately, however, 
by much the larger portion of it is rendered inferior by adulteration and mixing. The principal wines 
of some of these departments are the following: — Herault — (red wines), Ohuselan, Tavel, Saint- 
Genius, Lirao, Ledelon, Saint-Laurent-des-Arbres, Cante-Perdrix ; (white wines), Froutignan, 
Lunel, Marseillan, Pommerols, Maraussan. Pyrenees Orientales — (red wines), Bagnols, Coperons, 
CoUioure, Torsenilla, Terrats ; (white wines), Eivesaltes. Basses Pyrenees — (both red and white), 
Juran9on, Gan. Vaacluse—(ied wines), Coteau-Brule, Clos de la Berthe, Clos de Saint Patrice. 
Andes — (both red and white), Limoux. Alpes-Mantimes—Gaude, Gagnes, Saint-Laurent-du-Var, 
Saint-Paul, Bellet. Basses-Alpes — Mees, Manosques, Valensalles. 

The south-western district produces on an average 12,331,000 hectols of wine annually, and 
worth at the very least 406 millions of francs. The principal wines are : — Gironde — (red wines), Clos 
de Lafitte, Clos de Latour, Clos de Chateau-Margaux, Clos de Hautbrion, Clos de Eosan, Clos de 
Gorse, Clos de Leoville, Clos de Larose, Clos de Brane-Mouton, Clos Pichon-Longueville, Clos 
Calon, PauiUac, Pessac, Sainte-Estephe, Saint-Julien, Castelnau de Medoc, Cantenac, Talence, 
Cotes de Canon; (white wines), Saint-Bris, Carbonieux, Pontac, Sautemes, Barsac, Preignac, 
Beaumes, Langon, Cerons, Pujols, Hats, Landiras, Virlade, Sainte-Croix-du-Mont, Loupiac. 
Landes — (red wines), Cap-Breton, Soustons, Messange, Vieux-Boucaud. Lot-et-Garonne — (white 
wines), Clairac, Buzet. Dordogne — (red wines). La Terrasse, Pe'chermont, Des Farcies, Campreal, 
Sainte-Fois-des-Vigues ; (white vrines), MontbassiUac, Saint-Nessans, Sanoe. 

In the eastern district the chief wine-growing departments are the Jura, which produces the 
following white wines Arbois, Ohateau-Chalon, Pupillin, L’Etoile, Quintigny ; and the Drome — 
(red wines), Cote-de-1 Hermitage, Croses, Merceurol, Gervant; (white wines), Cote-de-l’Hermitage, 
Merceurol, Die, Vin de paille de I’Hennitage. 

In the north-eastern district, the chief departments are : — Marne — (red wines), Verzy, Versenay, 
Mailly, Saint-Basle, Bousy, Clos Saint-Thierry ; (white wines), Le Closet, Sillery, Ai, Mareuil, Haut- 
vUlers, Pierry, Dissy, Cramant, Avize, Oger, Le MesnU, Epemay, Taizy, Ludes, Chigny. Saone- 
ei-ioiVe— (red vrines), Moulin-'a-Vent, Thorins, Chsnas, Fleury, Eomaneche, La Chapelle Guinchet, 
Mercurey, Giary ; (white wines), PouUly, Fuissey, Solutre, Chaintre". 

In the central and northern districts are : — Cote-d’ Or— (red wines), La Eomanee-Conti, Chamber- 
tin, La Pierriere, Le Eichebourg, Musigny, Clos Vougeot, La Eomaufe-Saint-Vivant, La Tache, Le 
Clos Saint-Georges, Le Clos Premeau, Le Clos du Tart, Les Porets, ll Matroie, Les Bonnes- 
Mares, Clos de la Eoche, Clos de Beze, Clos de Saint- Jacques, Clos de Mazy, Clos de Versolles, 
Clos de Marjot, Clos de Saint-Jean, Vols, Nuits, Chambolle, Volnay, Pomard, Beaune, Morey, 
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Savigny, Menrsanlt, Gevrey, Ctasaagne, Alx, Blagny, Santenay, Chenove. Tonne — (red wines). 
Cotes des Olivettes, Cotes de Pytois, Cotes de Perriere, Cotes des Pr&ux, Cotes de la CMinette, 
Cotes de Migraine, Cotes de Clairion, Cotes de Boivins, Que'tard, Pied de Eat, Chopette, Judas, 
Eosoir, Irancy, Coulanges ; (white wines), Vaumorillon, Les Grisees, Le Clos, Valmur, Grenouille, 
Bonguerau, Mont-de-3Iilieu, Chablis. Aube — (red wines), Les Eiceys, Balnot-sur-Laigne, Avirey- 
Lingey, Bagneux-la-Fosse. 

The culture of the grape in Algeria has developed slowly during the last twenty years, and, at 
the present time, several excellent wines are made in that country, the soil and climate of which 
are particularly favourable. Some of these wines were shown in the Paris Exhibition of 1878. 
The vineyards of Oran, Mascara, and Tlemcen furnish fine red wines ; those of Bone and Doue'ra 
excellent dry white wines. 

Austria produces annually, on an average, 3,242,146 hectols. of wine. The Austrian territory 
which produces the largest quantity is Lower Austria and Dalmatia. The Tyrol, Styria, Austro- 
Illyria, Carniola, and Moravia come next. The northern provinces also produce wine, but it is of 
an inferior kind. Austrian wines are both red and white, the latter being dry. Some localities 
produce liqueur wines, and sparkling wines are made at Voslau, in Lower Austria and near Graz, 
in Styria. All these are made on thoroughly sound and good principles. 

The production of wine in Hungary is estimated at 2,798,520 hectols. annually. The most 
celebrated Hungarian wines are Tokay, Szamorodni, Szalmabor, Menes-Magyarat, Bust, Saint- 
George, Sopron, Sumlo ; these are all fruity or liqueur wines. There are also many very highly 
esteemed dry wines, both red and white, made in Hungary and Transylvania ; some of these are 
noted for their excellent bouquet. Hungarian wines are exported to Austria, Prussia, Poland, 
Eussia, and England; a very small quantity only is sent to France. In the Exhibition of 1878, 
Hungary was represented by tliree hundred exhibitors, with more than 860 samples of choice wine : 
red, white, fruity, dry, and sparkling. 

There is but little wine made in Switzerland, though there are a few vineyards which produce 
very superior wines. The red and white wines of Neufchatel are much esteemed. In the canton of 
Vaud, there are three good brands, namely, those of Tvom, Lavaux, and Lacote. The canton of 
Valais produces what are known as “ Glacier ” wines ; and that of Zurich an excellent brand known 
as Neftenbach. Swiss wines are carefully prepared. 

The soil and climate of Spain are in every respect admirably adapted for the cultivation of the 
grape. The wine produced by this country in the year 1878 amounted to 10,510,026 hectols., 
which, considering the extent of the country and its remarkable advantages, is not by any means a 
large quantity. Spain produces wines of many different varieties. The fruity wines of Spain have 
been noted for centuries for their exquisite qualities of perfume and flavour : the most celebrated 
are the wine of Xeres, or Sherry, Malaga, and Eota; the next in order are the wines of Mon- 
tUla, Valdepenas, Carifiena, Peralta, and Sitges. Spain produces also some sparkling wines. 
Sherry, Malaga, and Montilla come chiefly from the province of Andalusia ; the two Castiles 
furnish the wines of Toro, Rueda, Seca, Nava del Eey, Villarubia, Ocana, Yepes, Arganda, San 
Martin, and the celebrated Valdepenas. Saragossa, Catalonia, Aragon, and Navarre produce many 
esteemed red and white wines, of which the best known are these of El Campo and Caiinena. 
Finally, the provinces of Valencia, Murcia, Alicante, Caceres, and Badajoz furnish some very fine 
brands, amongst which may be mentioned those to which one of these provinces has given its 
name, the wines of Alicante. Spain was represented in the Exhibition of 1878 by 1536 exhibitors. 

Portugal enjoys the same favourable conditions of soil and climate as Spain, and like the latter 
country is justly renowned for the quality of its wines. By extending the cultivation of the grape, 
however, Portugal might easily double its annual production, which during the years 1874, 
1875, and 1876 inclusive, amounted only to about 4,000,000 hectols. The wine-growing districts 
of Portugal are the following :—Douro, Traz-os-Montes, Minho, Beira-Alta, Estremadura, 
Alemtejo, and Algarve. The average yield of the Douro is about 400,000 hectols., comprising the 
famous “ Port,” which is so largely consumed in England ; and some other wines, as those of Muscat, 
Malvasia, Bastardo, &o. The second district, that of Traz-os-Montes, produces about the same 
quantity as the Douro ; they are very light, dry, and aromatic. All the other districts produce more 
or less excellent wines. 

The Portuguese island of Madeira has been celebrated for its wines for a very long period. Of 
the different varieties, the finest is that known as Malmsey, which is the produce of a particular 
vineyard ; next in order come the wines of Tinta, 8ercial, Bual, and Bastardo All Madeira wines 
increase considerably in quality and in strength by keeping. They are much esteemed in this 
country. 

The situation of Italy is highly favourable to the cultivation of the grape and the production of 
good wines. The annual produce is about 27,000,000 hectols, but this quantity might be very 
considerably increased. In 1867, the produce of the whole of Italy was 28,879,908 hectols. ; the 
average produce at the present time is rather less than this. The most celebrated Italian wines 
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are those which are fnrmshed by the Tineyards in the neighbourhood of Vesuvius, one of which is 
the excellent liqueur wine called Lacrymse-Christi. The wines of Piedmont, known as Barbera, 
Nebbiolo, Barolo, Gattinara, Malvasia d’Asti, &c., are also much esteemed. The Sicilian and 
Sardinian brands, however, constitute the most important produce of Italy. The former island is 
renowned for its Marsala, Malvasia, and Moscati, and for the wines called Etna-Madeira and 
Syracuse. There were 158 representatives of Italy at the Exhibition of 1878, and 417 samples 
were exhibited, each being accompanied by its analysis. 

Greece has long been celebrated for the excellence of its wines. The dry wines of Corinth have 
special qualities of bouquet and aroma. Those of the island of Thyra are considered to be superior 
to all other Grecian brands ; four-fifths of these are dry and acid, the remainder being very sweet 
red and white wines, known as Vino Santo. The island of Cyprus is celebrated for the liqueur 
wine to which it has given its name. 

Australia is fast taking a prominent place among wine-producing countries. The soil and climate 
of many parts are well suited to viticulture. Some of the wines are richer and more alcoholic than 
those of Portugal ; a few are of soft, luscious, delicate flavour, while others resemble the Sauternes. 


BL ACKTIT G. (Fr., Cirage; Ger., Wichse, Stiefelwichse.') 

Blacking is a pasty compound used for producing a polish on black leather surfaces, especially 
on the “ uppers ” and the edges of the soles and heels of boots and shoes. There are numerous 
methods of manufacturing this substance ; but in nearly all, the base is a black colouring matter, 
usually animal charcoal, mixed with substances which acquire a gloss by friction, such as sugar 
and oil. The carbon employed should be in the form of a very deep, finely powdered black. Since 
it always contains carbonate and phosphate of lime, it is treated with a mineral acid in order to 
decompose these salts ; a mixture of sulphuric and hydrocliloric acids is frequently used, the salts 
produced being acid phosphate of lime, sulphate and cliloride of lime. The sulphate of lime gives 
eonsistence to the pasty mass, and the two other salts being deliquescent help to keep the leather 
flexible. No more acid sliould be used than is sufficient to decompose these salts, or the leather 
will be destroyed. It is probably to prevent this that some makers add a small quantity of alkali 
to the blacking. Sometimes powdered gall-nuts, sulphate of iron, indigo, and Prussian blue are 
incorporated with the blacking in order to impart to it a good colour. Fatty or oily matters are 
also sometimes added in order to preserve the flexibility of the leather, and to neutralize any excess 
of acid which may remain. The consistence of different blackings varies widely ; they may be 
classed either as liquid or as solid blacking. 

The well-known liquid blacking of Day and Martin is composed in the following manner. 
Very finely ground animal charcoal, or bone-black, is mixed with sperm oil till the two are 
thoroughly commingled. Eaw sugar or treacle, mixed with a small portion of vinegar, is then 
added to the mass. Next a small measure of dilute sulphuric acid is introduced, which, by con- 
verting into sulphate a large proportion of the lime contained in the animal charcoal, thickens the 
mixture into the required pasty consistence. When all effervescence has subsided, but while the 
compound is still warm, vinegar is poured in until the mass is sufficiently thinned; then it is 
ready to be bottled for the market. 

The following are other ways of making liquid blacking 

1. Animal charcoal, 5 oz. ; treacle, 4 oz. ; sweet oil, foz. ; triturate until the oil is thorou°-hly 
incorporated, then stir in gradually ^ pint each vinegar and beer lees. 

2. Animal charcoal, 1 lb. ; sperm oil, 2 oz. ; beer and vinegar, each 1 pint, or sour beer, 1 quart. 

3. Bryant and James’s indiarubber blacking. Indiarubber in very fine shreds, 18 oz. ; hot 
rapeseed oil, 9 lb. (1 gallon) ; animal charcoal in fine powder, 60 lb. ; treacle 45 lb • gum arabic 
1 lb., pre^ously dissolved in vinegar. No. 24 strength, 20 gallons. The mixture is triturated in a 
colour-mill until perfectly smooth, then placed in a wooden vessel, and sulphuric acid added in 
small successive quantities amounting altogether to 121b. This is stirred for half an hour daily 
for fourteen days, then 31b. of finely ground gum arabic are added, and the stirring repeated 
for an additional fourteen days, when the blacking will be ready for use. 

4. It has been proposed to treat the leaves and other portions of the mastic gum tree, Pistacia 
lentiscuf, by decoction or distillation, principally to obtain from them a blacking which dries almost 
immediately after application, shines without the necessity of being brushed, and is much less 
liable to soil the clothes. 


5. Acme blacking. To rectified spirit, 1 gallon, is added blue aniline. 20-80 drachms, and 
Bmmarck brown aniline, 31-20 drachms, the solution of the two last being effected by agitation 
withm eight to twelve hours. After the solution is completed, the mass is allowed to settle, and the 
liquid t^rtion is drawn off by spigots above the sediment, and filtered if necessary. The alcohol 
IS placed in the apparatus first, then the colours, and the mixture agitaftd every hour for a space 
of ten to fifteen mmutes. Of this liquid J gallon is added to rectified spirit, 1 gallon, and in this 
are dissolved gum camphor, 11 oz.; Venice tiupentine, 16oz.; gum shellac, 36 oz. To benzine. 
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J gallon, add castor oil, fluid oz., and boiled linseed oil, 1 j fluid oz. The two solutions are then 
united hy agitation, but should not be allowed to stand over two days in any vessel of iron or zinc, 
as in the presence of the gums the colours will be decomposed by contact with zinc in eight days, 
and with iron in eighteen to twenty-four days. 

6. A quantity of ordinary starch is dissolved in hot water, and while still hot oil or wax is 
added, the mixture is stirred and allowed to cool. When cold a small quantity of iodine is added 
to give a bluish-black colour. To a gallon of this are added 8 oz. of a solution of perchloride or 
other per salt of iron, and a small quantity of gallic or tannic acid (or both), and sometimes about 
2 drachms of oil of cloves with 8 oz. glycerine. The whole is thoroughly stirred. 

Paste blackings are also made in a variety of ways, of which the following are the chief : — 

1. Bryant and James’s iudiarubber blacking may be made in a solid form by reducing the pro- 
portion of vinegar from 20 gallons to 12. The compound then only requires stirring for about six 
or seven days in order to prepare it for use, and it may be liquefied by subsequent addition of 
vinegar. 

2. Dr. Artus manufactures blacking from the following materials : — ^Lamp-black, 3 or 4 lb. ; 
animal charcoal, J lb. ; are well mixed with glycerine and treacle, 5 lb. Meanwhile guttapercha, 
2Joz., is cautiously fused in an iron or copper saucepan, and to it is added olive oil, 10 oz., with 
continual stirring, and afterwards stearine, 1 oz. The warm mass is added to the former mixture, 
and then a solution of gum Senegal, 5 oz., in water, IJ lb., and 1 drachm each of oil of rosemary 
and lavender may be added. For use it is diluted with three or four parts of water, and tends to 
keep the leather soft, and render it more durable. 

3. All ordinary paste blackings require to be mixed with some liquid before application, causing 
considerable waste. It is claimed for the subjoined method of preparation, that by its means the 
blacking is rendered of such a condition that when merely dipped in water or other solvents the 
required quantity can be rnbbed on to the article to be blacked without the cake crumbling or 
breaking up. The ingredients of the blacking are those in ordinary use, but it is brought to the 
required consistence by combinati. m with Eussian tallow, in the proportion of 3 per cent., and casting 
the mass into the desired forms. These may be cylindrical, &c., and may be enclose d in covers of 
cardboard, tinfoil, &o., in which the blacking can slide, so that when one end is pushed out for 
use, the remainder acts as a handle. The exposed end, when damped by immersion or otherwise, 
can be rubbed on the article without crumbling. 

The ivory-black (animal charcoal) which has been used in the preparation of white paraffin, 
according to Letchford and Nation’s patent, may be conveniently used for making blacking. 

4. The addition of sulphuric acid to animal charcoal and sugar produces sulphate of lime and a 
soluble acid phosphate of lime, which make a tenacious paste. Thus : Animal charcoal, 8 parts; 
molasses, 4 parts ; hydrochloric acid, 1 part; sulphuric acid, 2 parts. These are well mixed. A 
liquid blacking may be produced from this by the addition of the necessary proportion of water. 

5. Fuller’s earth, 8 oz. ; treacle, 3 lb. ; animal charcoal, 2 lb. ; butter scrapings, 4 oz. ; rape- 
seed oil, 4 oz. ; strong gum water, J pint ; powdered Prussian blue, § oz. ; commercial sulphuric 
acid, 8 oz. If the blacking is required in a liquid form, add J gallon of vinegar. 

6. To animal charcoal, 1 lb., add commercial sulphuric acid, 4 oz. ; work them well together, 
and when the acid has done its duty upon the charcoal add fish or colza oil, 4 oz.'; stir the mixture 
till the oil is thoroughly incorporated, then pour in gradually a strong solution of washing soda or 
other suitable antacid, and continue the stirring till ebullition ceases, or the acid is neutralized. 
Next add about 8 oz. treacle, and then pour in a solution of gelatine and glycerine, in quantity 
about 2 quarts if liquid blacking is required, but less will suffice to produce paste. The solution 
of glycerine and gelatine is made by dissolving the best size in hot water, in the proportion of 
4 parts of water to 1 of size, and then adding to every quart of the liquid 1 J oz. of glycerine. The 
addition of the glycerine and gelatine preparation gives great brilliancy, depth of colour, and 
permanency to the blacking when applied to leather, and at the same time makes it damp-proof ; 
besides which the antacid has the effect of neutralizing the sulphuric acid employed, and thus 
prevents the injurious action of that acid on the leather, as in the case of most ordinary blackings. 

For application to dress boots the following composition is prepared : — Gum arabic, 8 oz. ; 
molasses, 2 oz. ; ink, J pint ; vinegar, 2 oz. ; spirit of wine, 2 oz. Dissolve the gum and molasses 
in the ink and vinegar, strain, and then add the spirit of wine. 

Harness blacking is not made in the same way as boot blacking. The following are some of 
the methods of preparing the former kind : — 

1. Glue or gelatine, 4 oz. ; gum arabic, 3 oz. ; water, f pint. Dissolve by heat, and add of treacle, 
7 oz. ; finely powdered animal charcoal, 5 oz. ; and then gently evaporate until the compound is of 
the proper consistence wl^n cold, stirring all the time. It must be kept corked. 

2. Mutton suet, 2 oz. ; beeswax, 6 oz. ; melt them, and add sugar candy, 6 oz. ; soft soap, 2 oz. ; 
lamp-black, 2J oz. ; finely powdered indigo, J oz. When thoroughly intermixed add oil of tur- 
pentine, i pint. 
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3. Beeswax, 1 lb. ; animal cLarcoal, J lb. ; Prussian blue, 1 oz., ground in linseed oil, 2 oz. ; 
oil of turpentine, 3 oz. ; copal varnish, 1 oz. Mis them well, and form the mass into cakes while 
it is still warm. 

4. Add to No. 3, while still warm, soft soap, 4 oz. ; oil of turpentine, 6 oz. ; put into pots or tins 
while warm. 

5. Isinglass, J oz. ; finely powdered indigo, J oz. ; soft soap, 4 oz. ; glue, 5 oz. ; logwood, 4 oz. ; 
vinegar, 2 pints ; ground animal charcoal, a oz. ; beeswax, 1 oz. Infuse the logwood in the vinegar 
for some time with gentle heat, and when the colour is thoroughly extracted strain it, and add tlie 
other ingredients. Boil till the glue is dissolved, then store in stoneware or glass jars. Said to be 
very useful for army harness. 

6. Melt 4 oz. mutton suet with 12 oz. beeswax, 12 oz. sugar candy, 4 oz. soft soap dissolved in 
water, and 2 oz. finely powdered indigo. When melted and well mixed, add J pint turpentine. 
Lay it on with a sponge, and polish with a brush. A good blacking for working harness, which 
should be cleaned and polished with it at least once a week. 

7. Three sticks of black sealing wax dissolved in J pint of alcohol, and applied with a sponge ; or 
lac dissolved in alcohol, and coloured with lamp black, answers the same purpose. This is intended 
for carriage harness ; it is quick drying, and hard and liable to crack the leather, so should be 
applied as seldom as possible. 

8. A good blacMug consists of: — Hog’s lard, 4 oz. ; neat’s-foot oil, 16 oz. ; yellow wax, 4 oz. ; 
animal charcoal, 20 oz. ; brown sugar, 1C oz. ; water, IG oz. Heat the whole to boiling, then stir it 
until it becomes cool enough for handling, and roll it into balls about 2 in. in diameter. 

9. Soften 2 lb. of glue in 1 pint of water ; dissolve 2 lb. soap (Castile is the best, but dearest) in 
1 pint of warm water : after the glue lias become thoroughly soaked, cook it in a gluepot, and then 
turn it into a larger pot ; place this over a strong fire, and pour in the soap water, slowly stirring 
till all is well mixed ; then add | lb. of yellow wax cut into slices ; let the mass boil till the wax 
melts, then add § pint of neat’s-foot oil and sufficient lamp black to impart a colour ; let it boil a 
few minutes and it will be fit for use. 

10. When harness has become soiled it can be restored by the Use of the following French 
blacking ; — Stearine, 44 lb. ; turpentine, Cj lb. ; animal charcoal 3 oz. The stearine is first 
beaten into thin slieets with a mallet, then mixed with the turpentine, and heated in a water bath, 
during whicli time it must be stirred continually. The colouring matter is added when the mass 
has become thoroughly heated. It is thrown into another pot, and stirred until cool and thick ; if 
not stirred it will crystallize, and the parts will separate. When used it will require warmings it 
should be rubbed on the leather with a cloth, using but very little at a time, and making a very 
thin coat. Wlien partially dry it is rubbed with a silk cloth, and will then give a polish equal to 
that of newly varnished leather, without injuring it in any way. 

Liquid blacking is usually filled into small bottles of very coarse stoneware, closed by 
corks. Paste blacking is formed into cakes, which arc secured in waterproofed paper, generally 
prepared by steeping the paper first in boded linseed oil, and pressing, then hanging up to dry 
for from eighteen hours to a week. The following is an improved way of making a waterproof 
paper of superior quality, thinner, but equally strong, and capable of drying in less than a minute. 
The paper is steeped in a melted or fluid composition, consisting of paraffin, wax, or hard tallow, in 
combination with crude or other turpentine, in the proportions of two to one. It is then imme- 
diately pressed, and the surplus composition is removed by passing it between rollers heated by 
steam. By using paper in endless sheets, the whole process might be made continuous, the paper 
being finished for use or storing by the time it leaves tlie rollers. 

It is obvious that the manufacture of blacking requires neither skill nor capital. It may be 
conducted on almost any scale according to the demand. The chief trade is, at the present time, 
in the hands of one or two very large firms; but smaller makers are scattered throughout the 
country. Though the consumption of the article is very considerable, its price is so low that it 
represents a small money value. It is neither exported nor imported in any appreciable quantity. 

BLACKS. Several manufactured carbonaceous substances are known in commerce under 
the generic name of “Blacks.” The most important of tliese are animal-black, bone-black, 
Frankfort-black, ivory-black, and lamp-black. They are usually obtained by carbonizing organic 
matter, particularly bones, in closed vessels or crucibles, or by collecting the soot formed by the 
combustion of oily, resinous, and bituminous substances. Other blacks than those enumerated are 
manufactured, but only on so small a scale as to be of no commercial importance. 

Animal -black. (Fb., Nvir animal ; Gyr., Knochenschaarz.) 

This substance is almost identical with bone-black, but is generally in a more finely divided 
state. Any animal refuse matter may be used in its preparation, such as albumen, gelatine horn 
shavings, &c. These are subjected to dry distillation in an earthenware retort. An inflammable 
gas IS given off, together with much oily matter, ammonia, and water, while a black carbonaceous 
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mass is left behind. This is washed with water and powdered in a mill, the product being animal- 
black. It is largely used in the manufacture of printing ink (see Ink), and of blacking (see 
Blacking). 

Bone-black. (Fb., Noir (fos ; Gbb., Knochenschwarz.) 

When bones are heated in a retort or crucible, the organic constituents are decomposed and 
carbonized. A mixture of combustible gases is given off, which do not condense on cooling; 
and others, which condense in the form of a heavy oil, colled bone-oil, and also much water 
containing tarry water and ammoniacal salts in solution. The residue in the retort or crucible 
consists of finely divided carbon in intimate mixture with the inorganic constituents of the bones : 
this mixture constitutes ordinary bone-black, or animal charcoal, as it is sometimes called. The 
inorganic portion may, if required, he removed by washing the residue -in dilute hydrochloric 
acid. 

The process, as worked on the large scale, is carried on in different ways, according as it is 
desired to collect the volatile condensable portion of the distillate, or to allow it to escape. In the 
latter case, when it is required to obtain only bone-black, the apparatus employed is of a very simple 
nature, and the amount of fuel needed is comparatively' small. The carbonization is effected in fire- 
clay crucibles, 16 in. high and 12 in. in diameter. These are to be preferred to crucibles made of iron, 
which were much used at one time, since tliey do not lose their round form when subjected to a 
high temperature ; in consequence of this, they fit more closely together in the furnace, less air 
can penetrate, and therefore less of tlie charcoal is consumed by oxidation. The furnace is an 
ordinary flat hearth, having a superficial area of about 40 square yards, and is covered in with a 
flat arch, all of brickwork. The fireplace is situate in the middle of the hearth ; the crucibles are 
introduced through doors in the front, wliich are bricked up when the furnace is flUed ; each 

312 . 



furnace holds eighteen crucibles. The crucibles, filled with the coarsely broken bones, are covered 
with a lid luted on with clay. To economize fuel, the furnaces should be in a row, and placed back 
to back. 

The arrangement of*the furnace and pots is shown in Figs. 312 and 313. A is the fire- 
place: B, the crucibles, eighteen in number, spread over the floor of the furnace in a single 
layer ; c, d, e, and / are the flues for conducting away the heated gases arising from the calcination 
of the bones, as well as the waste heat itself; the last portion of the flue is fitted with a damper g. 



454 


BLACKS. 


The furnaces are intended to be built in fours, back to back, the waste heat serving in a great 
measure to conduct the operation of the revivifying apparatus placed in the centre and marked G. 

When the furnace is filled and the doors are bricked up, the heat is slowly raised to redness, at 
which point it is kept for six or eight hours. The combustible gases are evolved and consumed in 
the furnace as soon as the bones begin to decompose, and by this means so much heat is produced 
that only a small quantity of fuel is needed to maintain the required teniperature. When the car- 
bonization is complete, the doors are taken down and the crucibles removed to cool, their place 
being immediately filled with fresh ones. The heat mnst be kept as uniform as possible through- 
out the process : if it be not sufficiently high, the bone-black will contain a portion of undecom- 
posed organic matter, which renders it quite unfit for use ; if, on the other hand, the temperature 
be raised too high, the bone-black will become dense and compact, whereby its efficacy as a de- 
colorizer is much reduced. When the charcoal in the crucible has become perfectly cool, it is 
removed and crushed. When required for decolorizing or deodorizing purposes, it is only 
roughly broken up into small lumps, in which foi-m it is most readily applicable. The crushing 
is effected by means of two grooved cylinders, consisting of toothed discs, alternately 10 and 12 in. 
in diameter. These are so placed that the 10-in. discs of one cylinder are opposite the 12-in. discs 
of the other, and thus, in revolving, the carbonized bones are crushed to fragments between them, 
but are not reduced to powder. They are passed successively through six of these mills, the 
cylinders of each couple being nearer to each other than the last. Finally, the crushed bones are 
carefully sieved ; the powder is placed apart from the lumps, again passed through finer sieves, and 
sorted out into different sizes. 

A furnace such as that described above will carbonize four charges of bones in one day, each 
charge being more than half a ton in weight. With careful work, the bones wiU yield 60 per cent, 
of bone-black, or more than one ton daily. 

If it be .required to condense the volatile gaseous products of the carbonization, this process is 
conducted in retorts similar to those used in the manufacture of acetic acid from wood : these are 
so arranged that the whole of the gaseous products are condensed and collected. The aqueous 
portion of the distillate is usually evaporated down to obtain salts of ammonia ; the uncon- 
densable gases may be employed for illuminating purposes. The manufacture of bone-black is 
usually carried on in the neighbourhood of large towns, where a good supply of bones may be 
readily obtained. 

The principal use of bone-black, or animal charcoal, is to decolorize various solutions, parti- 
culaily syrups ; inferior qualities are used in the manufacture of blacking. The decolorizing pro- 
perties of this substance are extensively made use of by sugar refiners in the purification of 
their different syrups (see Sugar). When it has become unfit for the clarification of the sugar 
liquors, the charcoal is purified for re-use by processes which will be described in the article on 
Sugar. 


Ordinary bone-black has about the following composition ; Phosphate and carbonate of Hme, 
and sulphide or oxide of iron, 88 parts ; charcoal, containing a small quantity of nitrogenous 
matter, 10 parts ; silicated carbide of iron, 2 parts. The decidorizing properties of bone-black are 
due solely to the presence of the charcoal. 

When iutended for use as a deodorizer or decolorizer, hone-black should be kept carefully ex- 
cluded from the air, for by exposure it loses this power to a great extent, and becomes almost inert 
That which has been freshly burnt is therefore best for these purposes. 


The cost of production of bone-black may he calculated as follows : — 
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Produce ; — 

Black, GO per cent., say 38 cwt. in grains, at 14s. 3d. 13 10 9 

10 cwt. fine, at 5s. fid. 17 8 

Fat, 6 per cent, say 5 cwt, at 31s. 8d. 7 18 4 


£22 16 9 22 16 9 
Profit .. .. ,. .. ,, ,, .. ^ ^ p Q 

Frankfort-black. (Fb., Noir de Franefort ; Geb., FranJifuHer Schicarz.) 

Frankfort-black is a black powder obtained from dried vine-twigs, carbonized to a full black 
and then ground very fine. On a large scale, it is prepared from a mixture of vine-twigs, wine- 
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lees, peach stones, bone shavings, and ivory refuse. It varies in shade according as the animal or 
vegetable charcoal is in excess ; when the latter predominates, the powder is of a bluish colour ; 
but when there is an excess of animal charcoal, it has a brownish tinge. It is customary to wash 
the powder well when first made, in order to remove any soluble inorganic impurities. The finest 
Frankfort-black is probably the soot obtained from the combustion of the materials mentioned 
above. It makes an excellent pigment, and is extensively used by copperplate engravers in the 
preparation of their ink. 

Ivory-black. (Fb., Soir d'Ivoire ; Geb., Elfevbein-Schicarz.) 

Ivory-black is a beautiful black pigment prepared by carbonizing waste fragments and 
turnings of ivory. These are exposed to a red heat for some hours in crucibles, great care being 
taken to avoid overheating or burning. When quite cold, the crucibles are opened, and the 
contents pulverized, the richest coloured fragments being kept apart for the best quality. The 
powder is then levigated on a porphyry slab, washed well with hot water on a filter, and dried in 
an oven. The product is of a very beautiful velvety black colour, superior even to that obtained 
from peach kernels, and quite free from the reddish tinge which so often characterizes bone-black. 
Ivory-black, like Frankfort-black, is employed by copperplate printers in the preparation of their 
ink. Mixed with white lead, it affords a rich pearl-grey pigment. 

Lamp-black. (Fb., Soir cfe Fttmee ; Geb., Kienruss.) 

Lamp-black is an exceedingly light, dull-black powder, formed by the imperfect combustion of 
oils, fats, resins, &e. It may be prepared on a small scale by suspending a small tin-plate funnel 
over the flame of a lamp fed with oil, tallow, or crude naphtha, the wick being so arranged that 
it shall burn with a large and smoky flame. Dense masses of this light carbonaceous matter 
gradually collect in the funnel, and may be removed from time to time. The funnel should be 
furnished with a metal tube to convey 
the gases away from the room, but no 
solder must be used in making the con- 
nections. 

An especially fine quality of lamp- 
black is obtained from bone-oil, deprived 
of the ammonia with which it is 
always contaminated. It is manufac- 
tured on a commercial scale by means 
of the apparatus shown in Figs. 314 and 
315, The oil is contained in the lamp 
A and kept at a constant level by 
means of the globular vessel B, which 
is also filled with oil and inverted over 
A. The oil flows from the lamp into the tube C, which is bent upwards at the further extremity on 
a level with the oil in the lamp. A cotton wick is supplied to the bent end of the tube, as well as 
a little spout D, for conducting away any oil that may overflow into the receptacle E placed 
beneath. A conical hood a surrounds the flame of the lamp and terminates in a tube h, through 
which are conveyed the sooty products of the combustion of the oil into the wide lateral tube c, 
arranged to accommodate the smoke 



from about a dozen such lamps placed 
at intervals of about 6 ft., as indicated 
in the figures. The effect of this wide 
tube c is not only to cool the smoke 
but also to collect the water and other 
liquids condensed. The smoke and 
vapours pass hence into d, the first of a 
series of sacks made of closely woven 
linen, about 10 or 12 ft. long and 3 ft. 
in diameter, closed at the bottom with 
a trap or slide e, and formed at the upper 
and lower ends of sheet-copper tubing 
made funnel-shaped. The upper one of 
these is prolonged into an additional 
pipe /, by means of which the smoke 
arrives at the second sack g in the series. 


313 . 



thence finding its way^o the third, and 


so on till the last sack of the row is reached. In connection with the last sack of each row is placed 
a horizontal flue F, in which are arranged frames covered with wire gauze and mounted on hinges. 
Their purpose is to retain the small remaining portions of lamp-black passing out with tBe smoke 
from the sacks. The meshes of the gauze are constantly getting filled up with soot, which 
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necessitates a periodical checking of the draught for its removal. This is done by means of 
the rod 6, which, when raised and allowed to fall suddenly, jerks the accumulated mass off the 
gauze. The current of air passing through the entire apparatus can be regidated by a damper 
placed at the entrance to the chimney in which the flue F embouehes. At regular intervals, the 
mouthpieces in the lower ends of the sacks are removed, and their contents are shaken out separately 
and collected according to their various qualities. That gathered from the first sack in each row 
should always be kept apart from the remainder, as it is much contaminated by the presence of 
resinous and tarry matters. 

A proeess has been devised by Messrs. Martin and Grafton for the preparation of lamp- 
black from coal-tar, which affords a very good product. The coal-tar is first stirred up ener- 
getically with lime-water in any convenient vessel, after which the mixture is allowed to stand 
until the coal-tar has subsided to the bottom, when the lime-water is drawn off. The tar is then 
well washed by decantation with hot water, and rectified in the ordinary naphtha still. Afterwards 
it is run into a long iron cylinder, which is placed over a furnace, and supplied with numerous 
large burners. Each burner has a metal funnel placed immediately above it, connected with a 
cast-iron pipe, into which all the fumes from each burner are conducted. The naphtha in the 
cylinder is heated almost to the boiling point by the furnace beneath. A series of smaller pipes 
lead away the fumes from the main pipe into a row of chambers, and thence into a series of large 
canvas bags, placed side by side, and connected alternately at top and bottom. The bags vary in 
number from fifty to eighty, the last one being left open to allow the smoke to escape, after tra- 
versing some 400 yards since leaving the burners. The best quality of lamp-black is found in the 
last bags, that near the furnace being much coarser and less pure. The bags are emptied when- 
ever they contain a sufficient quantity. 

The process employed in Germany for the manufacture of lamp-black is to conduct the 
products of the combustion of any resinous matter in a furnace into a long flue, at the end of 
which is placed a loose hood, made of some woollen material, and suspended by a rope and pulley. 
The lamp-black collects in this hood, and wlien a sufficient quantity has accumulated is shaken 
down and removed. In this manner about 6 cwt. of lamp-black may be collected in twenty-four 
hours. 

In England, an inferior variety is sometimes obtained from the flues of coke-ovens. Tliat 
known as Eiissian Lamp-hlaoh is made by burning chips of resinous deal or pine wood, and collecting 
the soot formed; but it is objectionable, owing to its liability to take fire spontaneously when left 
for a long time moistened witli oil. 

The lamp-black made in these ways is generally purified by calcination, in order to remove the 
empyreumatic oils which it invariably contains. This is effected in close vessels, and the product is 
called burnt lamp-black, and is especially useful as a water-coloiir. The particular virtue of lamp- 
black as a pigment lies in its state of extremely fine division, which could not possibly be attained 
by artificial means ; this quality renders it invaluable as the basis of black pigments, all of which 
contain it in a greater or less quantity. Indian ink and printers’ ink are also composed principally 
of this substance. 

The transport of lamp-black is effected in barrels or bags ; when in the latter, these should be 
previously soaked in water containing some clay in suspension, which stops up the pores of the 
sacking, and thereby prevents loss. 

BLiEACHING powder. (Fr., Chlorure ; Ger., Chlorkalkj Bletckpuher.') — Synonym 
chloride of lime ; formula, CaCljO, -[- CaClj. ’ 

Tlie exact nature of bleaching powder remains still a matter of doubt. It is sometimes 
regarded as a simple compound of chlorine - with lime — w'heiice its name — sometimes as an 
oxychloride of calcium, sometimes as a mechanical mixture, or as an absolute compound of 
oxychloride and hypochlorite of lime. For the various discussions upon this part of the subject, the 
scientific reader is referred to the writings of Millon, Fresenins, Kolb, Crace-Calvert, Schor- 
lemmer, and a host of others. 

Bleaching powder, as ordinarily manufactured, is a dull white powdery substance, often 
agglomerated into small round lumps residily friable between the fingers. It always contains a 
certain amount of free chlorine, which imparts a strong pungent odour, rather agreeable than 
otherwise, unless too powerful. A small percentage of moisture usually present keeps it feathery, 
and it readily absorbs a further amount of water when exposed to the influence of the atmosphere, 
finally turning into a dirty white paste. Under the influence of strong light— especially sunshine 
— decomposition takes place, with the formation of chlorate of calcium. The bleaching property of 
the compound is owing to the presence of chlorine, the most powerful bl^'acliing agent known. 
The avadable amount of this gas contained in a sample of ordinary bleaching powder is about 
36 per cent. Beyond this about 4 per cent, goes to form chloride and chlorate of calcium. Of the 
36 per cent., probably 4 per cent, as a rule is free and disengaged during the various manipula- 
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tions preceding the actual bleaching process. For this reason, it used to be customary to sell a 
32 per cent, bleaching powder, and probably an article of this constitution would be as good for 
the consumer, and in every way tetter for the manufacturer, than the bleaching powder usually 
put upon the market. In the endeavour to secure a high strength, both loss and damage is caused, 
by the disengagement of free chlorine gas and the prolonged process of manufacture. 

The art of bleaching is of very great antiquity, and until a comparatively recent date consisted 
of alternate treatments of the substance operated upon by various alkaline washings and exposure 
to the action of the sun and air. In this way, the oxygen of the 
air formed some combination with the colouring matter which could 
be extracted by water or an alkaline liquor. The use of chlorine 
was first suggested by Berthollet in 1785, and within a few years 
afterwards the process was worked upon a considerable scale in 
Scotland. The gas was generated in a glass or wooden appa- 
ratus by heating a mixture of salt, peroxide of manganese, and 
sulphuric acid, and passed into water. When a saturated solution 
was obtained, it was removed, and the goods bleached by being 
immersed in it and thoroughly boiled. The glass or wooden 
vessels speedily gave way to an apparatus constructed of strong 
sheet lead, encased in a metal jacket, with an agitator to effect a 
perfect mixture of the ingredients. Heat was applied by an 
underneath fire, or by a steam pipe introduced between the lead 
and the outer shell. This improved apparatus was used extensively for something like fifty 'y^ars, 
an ordinary charge consisting of 120 parts of manganese jto 150 of salt, and 185 of strong sulphuric 
acid. The chlorine gas was taken off by lutes and pipes in a manner very s imil ar to that to be 
presently described. 

The addition of an alkali to the water— at first caustic potash — was made about 1792, and, in 
1798, Charles Tennant, of Glasgow, patented the use of Uiae, to 


316 . 



be employed as lime water. In this way, the article known as 
“ bleaching liquor,'’ still manufactured occasionally for paper- 
makers, was obtained. In 1799. the absorption of chlorine by dry 
lime was patented, and the commercial article now known as 
“ bleaching powder ” introduced. 

The process of manufacture, as at present carried on, is as 
follows : — Instead of mixing together the salt, manganese, and 
sulphuric acid, the liquid hydrochloric acid obtained by condens- 
ing the gases from the sulphate of soda process, in the manner 
fully set forth in a previous article (see Soda), is employed, and 
run upon a known weight of peroxide of manganese contained in 
a “ still.” The best form of still is shown in Figs. 316, 317, and 
318, and will be readily understood. The bottom consists of one 
slab of stone (good free-stone, or, better still, “ Yorkshire flag ”), 
not less than 10 in. in thickness. Into it are set sides of similar 
material, about 6 in. thick. The grooves into which the sides are 
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let are about 1 in. in depth, and a very little wider than the side, so as to allow of “ stemming.” 
At the four comers, a, b, c, d. Fig. 317, a diamond is cut and thoroughly stemmed with dry fire- 
clay, fireclay just moistened with tar and heated, red lead and glass, or any other suitable com- 
pound. Sometimes the indiarubbir rods described when speaking of hydrochloric acid condensers 
are used, but this construction is apt to be faulty. The whole still 
is securely bound together with 1 in. iron rods, which pass through 
the ends, and are screwed up against upright pieces of wood. 

Fig. 317. The cover of the still is formed of three stones, bedded 
in a mixture of tar and china clay. In it are various openings — a 
square manhole in the centre, through which the charge of man- 
ganese is also introduced, and round holes, to admit of steam 
column, acid, gas, and “ dip ” lutes. A false bottom — technically 
“ tables ” — is formed about 9 in. from the bottom stone, with stout slabs, about 1 2 in. wide and 
5 in. thick, roughly dressed and resting upon stone or brick supports, running along the sides of 
the still. Fig. 316. Steam is introduced through a small iron pipe, protected from the action of the 
acid and gas by the stoneware column shown in Figs. 319, 320, and 321. This is set at the back of 
the still, and has an •pening only underneath the tables. The hydrochloric acid is run in throuo-h 
the lute shown in Fig. 322, iet into the cover near the steam column, while the “ dip lute,” shown 
in Fig. 323, likewise set in the cover, allows the workman from time to time to gauge the amount 
of acid he is running in. The stills are built in a range, and incline about 1 in. towards a gutter 
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along the front, which conveys away the waste liquors, &c. A good size of still is 9 ft. by 6 ft. 
by i ft. 6 in. deep, the cost, complete, being about 1607. 

A charge of manganese, about 6 cwt., is thrown into the still, and roughly spread upon the 
tables. The door is then replaced, and made tight with any convenient method of plastering, and 

322 . 323 . 
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the still is connected by the gas lute with the bleaching-powder chamber. Hydrochloric acid, of 
not less than 18^ Twaddell, is then run in from the stock cistern, until the manganese is just 
covered. After being allowed to stand for a short time, good “ strong ” steam is introduced, at a 
boiler pressure of 45 lb., and kept at full blast for a quarter of an hour. A rapid disengagement 
of chlorine takes place, the gas passing away to the chambers, and a mixture of free hydrochloric 
acid, chloride of iron, and chloride of manganese is left in the still. Successive blasts of steam are 
pressed into this mixture from time to time until the operation is complete. The “ bend ” of the 
gas lute is then removed, and the contents of the still raked out, through a small opening in front, 
into the gutter. The reaction occurring is represented by the following equation : — • 

MnOj + 4HC1 = MnClj + 2H.,0 d-Clj. 

For this first part of tlie process — the generation of chlorine — various manganese ores are used. 
The best comes from Devonshire. It is soft, and therefore easily dissolved by the hydrochloric 
acid, and contains up to 72 per cent, of binoxide. The Spanish ores are of like strength, and 
sometimes as soft, but are more irregular in quality than the Devonshire. The German ores, as a 
rule, are weaker and smaller, 60 to 62 per cent., and often in a very finely divided state. Up to 
about 1857, the German qualities were chiefly used. The Spanish has now taken the lead. The 
following table gives the approximate composition of the various ores referred to : — 


1 


Ile\on^hi^e. 

Spanish 

German lumpy. 



Manganese peroxide 

70-00 1 

72-00 

69-00 



Iroir oxide 

11-00 

15-00 

14-00 



Carbonate of lime 

0-25 

0-25 

1-50 



Silica 

15-00 

10-25 

13-00 



Alumiua i 

1-50 

-50 

1-50 



Moisture 1 

2-00 j 

2-00 

1-25 



1 

99-75 

100-00 

100-25 



Other descriptions occasionally used are imported from Virginia, California, and New Zealand. 
The Virginian is very irregular in quality. The best descriptions are very good, soft, and satis- 
factory in the working ; the majority of the cargoes brought over, however, are hard, and contain 
a good deal of carbonate of lime. Hence they not only dissolve slowly, but waste hydrochloric acid. 
The Californian, as a rule, is very hard. The New Zealand is of recent introduction, and is well 
reported of. All these varieties come up to 70 per cent. — usually over.. 

The price of a good 70 per cent, ore is, at the present time, about 85s. por ton. Six years ago, 
it was 140s., but the introduction of Weldon’s recovery process 
has largely decreased the consumption. 

The hydrochloric acid should not be too weak, in order that 
the manganese may be more thoroughly decomposed, and the still 
liquors kept as strong as po.ssible. For this latter reason, the steam 
should also be as free from water as possible. With all precautions, 
a large loss results from undecomposed manganese. To make 
it as small as possible, constant supervision should be kept over 
the working of the stills. They should never be run off until perfectly “ spent,” and should 
be kept carefully clean by a thorough raking out before a fresh charge 9of manganese is in- 
troduced. 

An efficient and economical form of still gutter is shown in Fig. 324. It will be noticed that 
the main body is formed of one balk of timber, to which are added sides of smaller pieces. This 
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method of construction gives a gutter as good as if hollowed out of one large balk, costs of course 
much less, and can be made of a larger size than is readily practicable with one solid piece. 

Tlie next operation consists in bringing the chlorine gas into contact with the slaked lime in the 
chambers, or “ boxes.” Various materials and forms of construction of chamber have been from time 
to time adopted — wood, brick, stone, and sheet lead. The latter is now almost invariably used ; but 
the old stone and brick boxes are still occasionally met with. When built of stone, the chamber is 
only about 10 ft. square by 6 ft. high, the best material being hard flag, and the method of con- 



struction somewhat similar to that of a manganese stdl. Sometimes a stone chamber has a lead top. 

A brick chamber is usually built in tlie shape of a long lime kiln — one great arch, about 9 ft. wide 

and 7 ft. high. The first leaden chambers were only small — packing about 2i tons of bleaching 

powder each. The size has been gradually increased until the chamber of most modern and 

improved construction is about 60 ft. long by 30 or 35 ft. wide, and packs up to 12 tons of bleaching 

powder. The mode of erection is shown in Figs. 325 and 326. A wooden framework is first set up, 

of the size of the proposed chamber, consisting of 6 in. sq. comer posts, with 

stout uprights, about 7 ft. apart, of 7 in. by 3 in. deals, and the top or “ crown ” 327 . 

of 7 in. by I in. deals. Upon this framework, is hung a casing of 6 lb. sheet 

lead, the whole being burned by upright seams into one solid piece, and 

secured to the “ crown ” and uprights by straps of lead burned upon the sheet. 

The top is formed of similar sheets of lead burned together and strapped to 
joists, 11 in. by 3 in., set 14 in. apart. Two or three doorways are cut in 
the sides, and upon the top are formed two manholes — whence also samples 
can be drawn — and gas communication pipes. The doorways are about 5 ft. 
high and 4 ft. 6 in. wide, and are closed by stout sheet-iron doors swinging 
upon hinges and secured by cross beams and wedges. The workmanship must 
be of careful description to prevent any escape of chlorine. The height of a bleaching-powder 
chamber varies with the individual experiences of the manufacturers, but it should not average 
more than 7 ft. A slope of 12 in. — from 7 ft. 6 in. to 6 ft. 6 in. — is given to the top to prevent any 
accumulation of water. Various methods are adopted for connecting the side sheets with the 
bottom of the chamber and preventing any injury by the manipulation of the lime with shovels, &c. 
The best construction is shown in Fig. 327. An inBer lining of lead, or skirting, 12 or 15 in. in 
height, is burned upon tlie sides and flanged 2 or 3 in. upon the ground or flooring. Over this 
flange, the bottom, formed of concrete or flags, is laid. A perfectly tight joint is thereby made, 
and if by any mischance the lead lining is cut, the gas has stiU no chance of penetrating the outer 
sheet. The older plan is to form a skirting of 1-in. deals round the chamber. 

The gas from the still is carried for a short distance along earthenware pipes, on accoimt of the 
heat and softening power of the steam. It is afterwards con- 
veyed to the chamber in lead pipes of from 3 in. to 10 in. in 
diameter, depending upon the number of “ mains ” employed. 

Sometimes three or four stills are connected together ; some- 
times a whole range of stills plays into one large main pipe. 

By the former plan — separated mains, a more perfect command 
is obtained over the quality of gas served to the chamber ; but 
the cost of repairs and the waste of gas are greater than when 
only one or two mains are used, and the strong and weak gases 
pass on to the lime indiscriminately. In any case the pipes 
from the stills must have a considerable fall, so as to keep all 
condensed steam out of the chambers, and allow it a free course 
back into the still. The best method of connecting the gas 
mains with the pipes leading Anally to the individual chambers 
is shown in Fig. 328, and consists of two water lutes and a 
movable bend, or “ elbow.” The small vertical pipe is to carry off into any suitable cistern or 
drain the last products of condensation. 

The lime employed is of two kinds— French “ cliff,” obtained from the banks of the Seine, and 
somewhat akin to the Dover chalk olifls, and the pure limestone found in various parts of England 
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and Ireland, more particularly in Derbysliire and the neighbourhood of Belfast. Cliff varies 
considerably in its composition, from pure limestone to impure “ chalk.” Some English descrip- 
tions of the latter have indeed been often worked np into bleaching powder, the temptation 
being the lowness of cost ; but in the long run, the operation does not pay, owing to the exceedingly 
uncertain composition of the chalk. Good limestone — the lumps that are usually burned for 
bleaching powder — has about the following composition : — - 

Carbonate of lime 98 "25 

„ magnesia .. .. O'oO 

„ manganese.. .. trace 

Phosphate of lime trace 

The stone is thoroughly calcined in any convenient form of kiln, care being taken to reject -all 
portions not completely burned, and then slaked with water. This slaking requires considerable 
care and experience. Only a very slight excess of water should be used. If too great, a p.asty mass 
is formed which resists the action of the chlorine; if, however, the whole is not thoroughly slaked, 
the absorption of the gas is incomplete, and raw lime goes through into the bleaching powder. 
The plan usually adopted is to spread the lumps of calcined stone in a layer about 12 in. deep, 
and to add the water through a rose pipe until the pieces fall into a fine powder. The portions 
of unbumt lime can be readily discovered and thrown out during the slaking process. The 
lime is next passed through a sieve of about sixteen meshes to the inch, and is spread upon the 
floor of the bleaching-powder chamber to a depth of about 8 in., the surface being slightly 
furrowed. If the depth of lime is too great, it is impossible to bring the chamber up to strength 
without frequent turnings, and consequent loss of gas. When the charging is completed, the 
manhole doors are luted on, the sheet-iron doors wedged up, and plastered round with lime or 
loam. The chlorine gas is now admitted from the stills, and the chamber “ pressed ” until a 
sample drawn from the top shows about 22 per cent, of chlorine. The gas is then turned on 
to another chamber, and the accumulated gas in the first box allowed to be thoroughly absorbed 
by the lime. When the green colour in the chamber has subsided, the doors are opened, and 
the charge is carefully and systematically turned over. The gassing operation is then repeated, 
occasionally a second turning is resorted to, and when a sample tests 37 per cent., the supply of 
chlorine is finally turned off, and the chamber is left to stand for six or seven hours. The doors 
are then opened, the manholes are removed, and the finished bleaching powder is packed into 
casks. Instead of allowing the unabsorbed chlorine to escape into the air when a chamber is 
opened, and to save the time necessary for the slow final absorption, it is very usual to have a 
communication with a freshly charged chamber, or a small antechamber, into which the gas is 
drawn when the bleach is finished, or when the box requires “ turning.” Various precautions 
should be observed in gassing the lime. A due proportion of “ maiden ” — i. e. pure— chlorine, and 
“ spent ” gas — gas mixed with steam — shoul<^be used. If the weak gas be brought into contact with 
the lime in too great a proportion — especially with fresh lime, a coating will be formed upon the sur- 
face, which resists the penetration of the chlorine. If a chamber be too rapidly pressed, a large pro- 
portion of the chlorine will remain in the powder only mechanically held, and will fly off when the 
bleach is packed. The common belief that the temperature of a chamber should not exceed about 80° 
or 90° F., while right in practice is probably wrong in theory, the mischief of a higher temperature 
arising not from the actual heat of combination, but from the presence of steam, of which the tem- 
perature is an indicator. Perhaps the best admixture of strong and wtak gas is obtained by passing 
the product of a large number of stills 
into one main. The more usual plan is 
to have separate mains for about every 
three stills, and, with careful management^ 
the gassing of a chamber can be more 
perfectly regulated by this method. The 
loss of chlorine during the operation 
of packing is about O' 75 per cent. 

When packed, the loss is at the rate 
of about I per cent, per month in hot 
weather, and 0 ' 5 per cent, in cold. 

Instead of building the bleaching- 
powder chambers upon the ground, 
after the manner shown in Fig. 329, 
a very usual and excellent plan is to 
arrange them at a considerable elevation, upon suitable supports, to form a warehouse below. The 
packing IS then performed by raking the bleaching powder into wooden spouts, countersunk in the 
floor, from which it falls into casks placed beneath. A closed connection between spout and cask is 
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made by sheet indiarubher. This method of packing is less laborious and hurtful to the men 
employed ; it is more quickly performed, and, although a seemingly greater loss of chlorine is appa- 
rent between the test in the chamber and the test in the cask, the bleach is more stable afterwards, 
the free chlorine being well shaken out of it by tumbling down the spout. 

The usual bleach cask holds from 5 to 7 cwt. The powder should be packed as tightly as 
possible, both to preserve the quality and to economize the cost of casks. Owing to the disagreeable 
nature of the operation, this is a point which requires constant care and supervision on the part of 
the manufacturer. 

The variations of the actual process of bleaching-powder manufacture are very few. The only 
important one has already been noticed — the preparation of liquor, by passing chlorine gas into lime 
water. Bleaching liquor is more esteemed upon the Continent than in this country, and is usually 
prepared by the bleachers themselves. The use of chalk, or carbonate of lime, has been proposed 
in place of the hydrate. 

The question of yields is an important one, as there are many loopholes for loss. Upon an average, 
and in round figures, 13 cwt. of good 70 per cent, manganese ore, or 17 cwt. of 60 per cent., should 
yield 1 ton of bleaching powder. These figures refer of course to cases where the manganese is 
not recovered by Weldon’s cr some other process. A very great loss is incurred by the more finely 
divided portions of the ore being swept away with the waste liquors from the stUl, untouched by 
the acid. Further loss is sustained by the ore getting coated over, the acid being thereby prevented 
from penetrating to the centre. Sometimes an arrangement of washing and settling pits is made, 
and the waste manganese is restored to the still with a fresh charge ; but it is doubtful if the result 
pays for the expense and trouble. 

One ton of lime makes about If ton of bleach ; but the quality varies considerably with the quality 
of limestone employed. About 2 tons of stone, or cliff, go to 1 ton of calcined lime. An experienced 
manufacturer can readily tell, from the appearance of the lime in the kiln when the fire has burned 
low, when the calcining operation is completed ; and from the feeling and texture of the bleaching 
powder in the chamber, when the absorption of chlorine has been suflSoient. 

The chief uses of bleaching powder are, as its name denotes, for various bleaching processes, for 
the raising of metallic colours, and steam blues, and for the discharging of Turkey reds in calico 
printing. It is also used, but to a smaller extent, as a disinfectant. Its use in the latter capacity 
has been somewhat circumscribed of late years by the introduction of various other substances, 
such as carbolic acid, &c. It is, however, one of the best agents that can be employed for this pur- 
pose, a great merit being its harmlessness — the safety with which it can be handled and treated. 
The chief seats of the industry in this country are the districts of the Tyne, Lancashire, and Glasgow ; 
the total output is about 70,000 tons per annum. The price fluctuates constantly and rapidly. In 
1805, it was about 1157. a ton. From this point, with an increased output and better methods of 
manufacture, it gradually declined, until, in 1866, it ruled about 117. a ton. Since then, it has risen 
to 177., fallen again to 57., recovered to 97., and, at the present time, remains steady at 51. The cost 
price, when the recovery of the manganese is carefully carried out by 'Weldon’s process— to be pre- 
sently described, is about 47. 15s. a ton. Under the old process it is fully 67. a ton. Of course 
this variation in selling price by no means represents variation in profit. Owing to the different 
methods from time to time adopted in manufacturing sulphuric acid, it is difficult to give any 
reliable indication of the varying cost of this material ; but the following table shows the approxi- 
mate values of salt, since the commencement of the present century : — 


Year. 

Cost of Salt per Ton, 
delivered at Newcastle. 

Year. 

Cost of Salt per Ton, 
delivered at Newcastle. 


£ 

s. 

d. 


£ 

s. 

d. 

1800 

14 

0 

0 

18.35 

1 

0 

0 

1801 

12 

0 

0 

1840 

1 

0 

0 

1804 

11 

0 

0 

1845 

0 

17 

0 

1810 

17 

0 

0 

1850 

0 

17 

0 

1814 

10 

0 

0 

1855 

0 

16 

0 

1818 

5 

0 

0 

1860 

0 

16 

0 

1820 

1 

15 

0 

1865 

0 

15 

0 

1825 

2 

0 

0 

1870 

0 

13 

6 

1830 

1 

0 

0 

1875 

0 

15 

6 


It remains to notice the most important of the many processes devised for the recovery of the 
manganese, and for avoiding the use of manganese altogether. The consideration of these points 
has been reserved because the actual manufacture of the bleaching powder — the action upon lime 
with chlorine gas-*is in all cases the same. 

It will be at once apparent from the details given above, and from the chemical reaction in the 
stills — MnOj -t- 4HC1 = MnCL -1- 2 H 2 O + Clj, that the manganese is only an agent in decom- 
posing the hydrochloric acid, issuing from the still, when its work is done, in the form of chloride of 
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manganese, mixed with chloride of iron and free hydrochloric acid, and running olf to waste. In 
addition to the expense entailed by so clumsy a process, the immense volumes of “ still liquor,” when 
run from the various works, forms a serious item in river pollution, and a nuisance to the surrounding 
neighbourhood. Of the processes of “ regeneration ” from time to time devised and carried out, those 
of Dunlop and Weldon alone deserve special mention. The former was first worked about 1855 at 
Messrs. Tennant’s, St. Kollox Works ; it consists in treating the still liquor with carbonate of lime, 
and decomposing the carbonate of manganese thus obtained by the simple action of heat. The 
liquors are first neutralized and allowed to settle, clear solution of chloride of manganese remaining 
supernatant. This is carefully drawn otf, and run into a large boiler fitted with a shaft and 
agitator. Here it is mixed with ground chalk, or milk of chalk ; steam is introduced under a 
pressure of about three atmospheres, and the whole is kept in constant agitation for three or four 
hours. The following reaction takes place ; — 

MnCU + CaCO^ = MnCO, + OaOl^. 

When the operation is complete, the contents of the boiler are left to settle, the clear super- 
natant chloride of calcium is run off, and the precipitated carbonate of manganese is (Jrained and 
washed to remove all chloride of calcium. The expulsion of the carbonic acid and the oxidation of 
the manganese are effected in a long oven about 50 ft. in length, 12 ft. wide, and 9 ft. high. Four 
lines of rails traverse the sole of the chamber; heat is applied underneath by means of a flue 
passing down the centre, and returning on both sides. The carbonate of manganese is thrown 
loosely into sheet-iron wagons, which are slowly drawn backwards and forwards until the four 
lines of rails are traversed, the contents being subjected for something like forty-eight hours to a 
constant temperature of about 300° (572° F.). The water and carbonic acid are completely driven 
off by this process, and the residual manganese is converted by the action of the air — which is allowed 
to circulate through the oven pretty freely, through the loosely closed doors — into a mixture of 
peroxide and protoxide. Mr. Mactear reports welt of this process, but it has not been worked on 
any large scale except at the St. Bollox Works. The expense of the plant is the chief objection. 
Some attempt has been made to utilize the cliloriue lost in the chloride of calcium by substituting 
carbonate of magnesia for caibonate of lime, and obtaining hydrochloric acid from the resulting 
chloride of magnesium ; but this refinement of Dunlop’s process has not been found practicable. 

The second, and by far the most important, of the processes set on foot for the regeneration of the 
manganese, is that of Mr. Walter Weldon, which consists in the precipitation of the manganese as 
protoxide, and in peroxidation by an injection of air in the presence of an excess of lime. This 
improved form of an old patent has almost revolutionized the bleach and manganese trades. The 
old patents that dealt with this simplest of all the methods of regeneration, failed by em- 
ploying only an equivalent proportion of lime, whereby only one-half of the manganese can be 
obtained as peroxide. Weldon’s improvement consists in the addition of a sliijht excess of lime, 
which enables, practically, the whole of the manganese to be regenerated. The apparatus necessary 
for this process, some few minor details being omitted for simplicity’s sake, is shown in the drawing, 
Ho. .330. A A represent hydrochloric acid cisterns, B B ordinary manganese stills, technically 
called “ native,” but set at such an elevation that their contents can, when required, be run by 
gravitation (the pipe of communication is omitted in the drawing) into R E, the “ mud ” stills, 
entering about half-way up. When the process is first started, the “native ” stills are charged and 
worked precisely in the manner already described, until a good supply of still liquor is secured. 
This object having been attained, they are only worked to supply the 5 per cent, w.iste of 
manganese incurred during the ordinary working of the regenerating process. The still liquors are 
run off along the spout V into the neutralizing well c. To obviate the inconvenience of stoppage 
for repairs or cleaning, and to be able to neutralize a large quantity of still liquor rapidly, it is 
advisable to have two wells, as shown in the drawing, the spindles being thrown in and out of gear 
by the clutches upon the horizontal shaft. A cheaper form of neutralizer, and one largely 
employed, is given in Figs. 331 and 332; but it is not so satisfactory as the more elaborate 
apparatus shown in the drawing. In both cases the actual construction of the well is the same 
aud consists of a circular, or octagonal chamber, about 16 ft. in diameter and 7 ft. deep, built in 
the ground, with stone or firebrick sides and bottom. Still further to ensure perfect tightness, a 
good backing of slag is puddled in behind the stone or brickwork face. The agitating machinery 
shown in Fig. 330 consists of a cast-iron spindle with stout arms bolted on at right angles, from 
which project strong metal ploughs or scrapers. These, together with the wrougbt-iron bolts, 
require renewal about every two months, but the rest of the apparatus is thoroughly reliable and 
lasting. The agitators shown in Figs. 331 and 332 are of wood, and are constructed something 
like a gate, the driving part being set upon a stone centre, and thereby rmsed above the acid 
liquors. Occasionally strong chains are hung from the cross beam in place of the vertical arms ; but 
these do not give efficient agitation. The wooden agitators require constant care and repairs 
however strongly they may be made. ’ 
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In the neutralizing well, the still liquors are mixed with roughly ground chalk, and agitation is 
kept up until the acid is thoroughly neutralized. This part of the operation requires care, that no 
injury may be done afterwards by the presence of an acid. Decomposition of the chlorides of iron 
and alumina is also effected by the chalk. The final liquors consist of chlorides of manganese and 



calcium, with exce.ss of chalk and small quantities of oxide of iron and alumina, and of sulphate of 
lime. It may be stated in passing, that the liquor from the native stills is much more acid than 
that from the mud stills, as it is far easier to regulate the amount of acid in working the latter than 
the former. After being allowed to settle for a short time, the liquors are pumped, by the engine E, 
info the cisterns F, F. Here they are allowed to settle, until the supernatant liquor is perfectly 

332 . 



bright and clear, of a slight pink colour. By means of any convenient form of siphon— indiarubber 
tubes, which float always upon the surface of the liquor, being perhaps the best, the clear liquors 
are next transferred to the “ oxidizers,” shown at G. These are of strong sheet iron, well riveted 
and transversely stayed ; they should be not less than 10 or 12 ft. in diameter, and 30 to 35 ft. in 
depth. A large 10-in. iron pipe N passes from the blowing engines (which should be in dupli- 
cate) down the centre of the oxidizer, and terminates in a crosshead pipe, pierced with holes to 
effect perfect distribution of the air. Sometimes the air distributor is protected by a false bottom ■ 
but this is not necessary, as the blast of air keeps the holes well open. A smaller pipe is run down 
the centre of the oxidizer, for the injection of steam. The manganese liquor is run into the 
oxidizer to a depth of about 15 ft., and is raised by steam to a temperature of 3li° (130° F.) or there- 
abouts. In the meantime, a carefully prepared milk of lime has been collected in the vessel J. 
The lime apparatus will be readily understood from the drawing. The milk is made in the upper 
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of the two sheet-iron vessels, the lumps of calcined lime being placed in a wire basket to separate 
out all hard pieces and stones. Not less than 15 lb. of hydrate should go to the cubic foot of 
cream, and to ensure perfect fineness the liquor must be carefully sieved on its passage from the 
upper to the lower vessel. A revolving sieve turned by the small engine which agitates the 
liquor is the best form of apparatus. In many cases the milk of lime is pumped from the second 
vessel into a third, or “ batch,” cistern, placed above the oxidizers, to obviate the injury caused by 
any possible breakdown of the lime pump during the administering of the charge to the man- 
ganese liquors. Whichever system is adopted, thorough agitation of the prepared cream before 
using must be effected. The manganese liquor in the oxidizer having been brought up to a proper 
temperature, the milk of lime is pumped (see pipe K, Fig. 330), or run, in, and the blowing engine 
slowly set away to effect perfect admixture. The addition of lime is continued until the filtrate 
from a sample of liquor drawn from a small tap near the bottom of the oxidizer ceases to give a 
precipitate of purple permanganate of calcium with a solution of bleaching powder, showing that 
the whole of the manganese has been precipitated as oxide. A further quantity of milk of lime is 
then added, and the blowing engine set away rapidly, tlie injection of air being continued until 
peroxidation is complete. It may be mentioned here, that it is of the utmost importance to have 
oxidizers and blowing engine of ample capacity and first-rate quality, any serious hitch in the 
process spoiling the batch in course of operation. Several forms of blowing engine are employed, 
that shown in Fig. 333 being the best in the 
writer’s opinion. It is the design of Messrs. 

Daglish, of St. Helen’s, and is used now very 
extensively with the best results. Next to this 
the best form is a horizontal engine with wooden 
flaps, faced with indiarubber, in the covers of 
the air cylinder instead of the older form of valve. 

Although only one oxidizer is shown in the draw- 
ing, the smallest plant should have two, a batch 
of manganese liquor being prepared in one, while 
the charge in the other is being blown. Not 
only is a saving of time effected, but the risk of 
stoppage is guarded against by this plan. 

To return to the process. The amount of lime 
required for perfect precipitation varies consider- 
ably — varies with tbs’ quality of the milk itself, 
the presence of foreign matters and coarser piir- 
ticles, and the action of the liquor. Lime dis- 
solves slightly in chloride of calcium, as also 
does protoxide of manganese, au.l these reactions 
render a varying amount of excess of lime neces- 
sary. Usually it is found necessary to add about 
1'2 equivalents: the further amount introduced 
in excess, after precipitation has been ascertained 
to be complete, raises the quantity to 1'5 or 1’6 
equivalents.' On the other hand, too great excess 
of lime causes loss through the formation of com- 
pounds which neutralize the acid in the stills 
without liberating chlorine. The compound of 
lime and manganese thus formed is usually 
termed “ base,” and every finished charge is finally 
tested for “ bases,” with a view to keep them as 
low as possible. The amount should not exceed 
"75 per cent. About two thirds of the way 
through the operation of blowing, it is very usual 
to run into the oxidizer a portion of fresh man- 
ganese liquor. The lime of the “ base ” decom- 
poses the chloride of manganese, forming a fresh 
portion of protoxide to be operated upon, and freeing a certain amount of peroxide before com- 
bined with it. 

The length of time required for complete peroxidation varies with the size of engine, number of 
revolutions, and depth (# charge. Not altogether, however, because if the air be injected at too 
great a speed, it simply passes through the liquor and is wasted. It is important to have as great 
a depth of charge as possible, as the surface presented to the action of the air is thereby increased 
and the absorption of oxygon more complete. The liquor is at first, after tlic addition of the lime, 
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yellowish-white, but rapidly turns darker as the operation proceeds, and should finally be converted 
into a very thin black mud, consisting of solution of chloride of calcium, holding in suspension 
various compounds of manganese and lime — or “ manganites,” — manganese and manganese — MnO 
and MnO; — , and the peroxide. Fiom the oxidizer, the whole mass is run into settlers, P, P, P, P in 
the drawing, and left to settle. Upon an average, about three and a half or four hours are required 
to complete the blowing operation. 

After remaining in the mud settlers for four or five hours — or until a charge of mud is wanted 
— the chloride of calcium which floats clear on the top is drawn off by means of any convenient form 
of siphon, and run to waste. At the bottom of the settler will be found a layer of thick black mud 
to a depth of about 10 in. — a mixture of various manganese compounds and lime — which repre- 
sents the finished and regenerated article It is usual, after removing the chloride of calcium from 
the mud, to run in another charge from the oxidizers, and so collect a large quantity of the final 
mud. This is done, of course, to economize settler room, and also to prevent the drying and 
caking of the mud probably attendant upon a thin layer being left. From time to time the stock 
of mud in the settlers should be thoroughly agitated to ensure an even consistency. The settlers 
themselves are built preferably of stout sheet iron, well riveted, and supported by cross stays. 
Occasionally they are constructed of wood, like huge tub.s, but any such form of apparatus is 
faulty. 

From the settlers the mud is run, as may be required, into the stills E, E, Fig. 330, through the 
luted funnels Q. A section of Weldon still is given in Fig. 334, which wOl better show its con- 
struction. It is usually octagonal in shape — sometimes square — about 9 ft. deep, and each side 4 ft. 
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wide. If square, the still may be 10 E. wide, but stones of this size are very apt to crack. The 
octagonal form is both stronger and cheaper. Each side may be made of two slabs, to save expense ; 
the lower piece in this case should be 5 ft. 6 iu. high, and not less than 7 in. tliick, and the upper 
portion 4 ft. high and 5 or 6 in. thick. The sides of the still are strongly bound up with IJ-in. iron 
girders, and are jointed together with the indiambber rods before described ; or the flat surfaces 
are carefully dressed and bedded with china clay and tar, and a stemmed diamond run down the 
centre. The bottom may be of one solid piece, 12 in. in thickness, or formed in sections. The 

former is the better but more expensive plan. The sides should sit li in. into the bottom stone or 

stones. The cover is usually formed of segments, and is let and stemmed into a ledge cut in the 
sides. These segments rest in the centre upon a strong stone shaft or pillar, 10 in. square, 
through the middle of which is drilled a groove for the injection of steam, which passes out near 
the bottom of the still at right angles to the axis of the steam shaft. Finally, a lute is set in the 
cover for the introduction of acid, a large 4-in. earthenware tap is let into the front, close to the 
bottom, to let off' the spent liquors to the neutralizing well, and a small sample tap is stemmed into 
one side, rather more than half-way down. In the cover are also set a large pipe to convey the 
chlorine gas to the chambers, and a manhole. 

The still is first charged w ith hydrochloric acid, and the settled mud run in through the funnel 
This mud shouhl contain 5 lb, of peroxide of manganese to the cubic foot, the chloride of calcium 
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being drawn off as closely as possible. It dissolves in the acid far more readily than native 
manganese ore, and requires comparatively little steam. About four hours is suflScient to work off a 
charge. The liquors are then run off through the large tap to the neutralizing well and treated 
with chalk in the manner before described. The amount of free acid, if the operation iu the still 
has been carefully conducted, will not exceed 5 lb. per cubic foot of liquor. The more acid liquors 
from the “ native " stills, if they are in operation, are now run into the mud stills, and so on to the 
neutralizing well. In this way the greater portion of the free acid contained is utilized in the 
treatment of the mud. 

Although theoretically the whole of the manganese is recovered by this process, in practice there 
is a loss of about 5 per cent. The greater part of this loss is incurred in tlie liquor settlers. There 
is always an appreciable amount of mud escaping with the liquors from the stUls into the neu- 
tralizing well, and this is pumped up with a quantity of chalk and sulphate of lime into the settlers. 
The deposit from here is regularly removed and washed in a special tank (omitted iu the drawing), 
the resulting liquors being returned to the neutralizing wells ; but nevertheless a considerable loss of 
both mud and chloride of manganese is incurred, and it would not pay to carry this part of the 
process out more delicately. 

Two tests must be regularly made of the mud of the Weldon process — for peroxide and for 
‘‘ bases.” In the former a sample is taken as the mud is run from the oxidizer, and to 1 cubic in. 
is added a solution, in slight excess, of a known quantity of iron protosidphate in hydrochloric acid. 
The mud dissolves promptly to a brownish yellow liquid, and the amount of iron salt left unoxidized 
is then determined by a standard solution of bichromate of potash, which is added until a drop of 
the liquid taken out upon a glass rod, ceases to strike blue with ferricyanide of potassium. If after 
adding the iron solution the mud does not completely dissolve, it is because an excess of protosul- 
phate is not present. The original weight of iron salt being known, and the amount left unoxidized 
ascertained, the difference gives the amount acted upon, and this quantity divided by 25 '88, gives 
the pounds of peroxide in 1 cubic foot of the mud. 

After ascertaining the amount of ferrous sulphate peroxidized by the MnOj in 1 cubic in. of the 
mud, the amount of base is readily obtained. To the same amount of the mud sample a solution of 
a known weight of oxalic acid is added — in excess. The mixture is then heated gently, and the 
excess of oxalic acid determined by a standard solution of carbonate of soda. The difference between 
this and the original weiglit of oxalic acid gives the amount decomposed and neutralized by the 
mud. Then, as the number of grains of FejSO, -1- 7 HjO (crystallized ferrous sulphate) oxidized is 
to the number of grains of oxalic acid decomposed, so is 100 to a figure in column A of the 
subjoined table, against which in column B is the equivalent of base per equivalent of manganese 
peroxide. 


A. 

B . 

A. 

B . 

A. 

B- 

A. 

B . 

69-00 

1 044 

65-75 

•901 

62-50 

•758 i 

59-25 

•615 

68-75 
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•604 
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•879 
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•736 > 

58-75 

•593 
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•868 
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•582 
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1-000 
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•857 
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•538 
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-956 
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57-25 

•527 
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-945 

63-50 

•802 
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57-00 
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66-50 
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63-25 

•791 

60-00 

•648 

56-75 

•505 
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•923 
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56-50 

•494 
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•912 

62-75 

•769 

59-50 

•626 
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Besides these two tests, that must be made from every batch of mud in order to carry the process 
on well, it is usual from time to time to test for total manganese, by oxidizing the whole of the 
manganese present with bleaching powder, and ascertaining, in the manner above described, the 
amount of ferrous sulphate oxidized by the sample. A convenient quantity of mud is the 1 cubic inch 
already spoken of. This is dissolved in hydrochloric acid, in the least possible excess, which excess 
is neutralized with soda. The solution of mud is then heated and oxidized with bleaching-powder 
solution, complete conversion of all the manganese into peroxide being obtained when a slight 
purple coloration betrays the formation of a permanganate. After filtration and washing, the 
precipitate is added to tfce solution of a known quantity of ferrous sulphate in hydrochloric acid, 
and the total manganese calculated from the amount of ferrous salt acted upon. 

There can be no doubt about the very great success of the Weldon process. Not only is the 
manganese recovered at a low cost, but a better yield of bleach is obtainable than by the old process. 
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One great reason of this is the facility for aoenrately gauging the quantity of acid necessary for the 
operation in the stills. 

Many plans have been proposed for utilizing the chlorine wasted as chloride of calcium two- 
thirds of the amount originally contained in the hydrochloric acid. Foremost among these is 
Weldon’s own magnesia process. The liquor from the stills is neutralized with “ Greek stone,” a 
native carbonate of magnesium — preferably calcined and powdered — and the mixed chlorides of 
manganese and magnesium pumped into settlers, where the oxide of iron, alumina, and sulphate of 
lime are deposited. From here the clear liquor is run into an iron pot and evaporated by underneath 
heat until a temperature of 320'’ F., or thereabouts, is obtained. It is then drawn off into a double- 
bedded furnace, the two beds being sepamted by a sliding door in a manner similar to a “ pot ” and 
“roaster” arrangement. Here evaporation is continued to dryness, gaseous hydrochloric acid being 
driven off, together with a considerable amount of chlorine. The mixed gases are passed up a tower 
packed with coke, similar in arrangement to the ordinary hydrochloric acid condenser, and the 
resulting liquid acid utilized in the afterpart of the process for the evolution of chlorine. The 
residue left in the furnace after being evaporated, is broken up by a slice into cakes and trans- 
ferred to the second bed. Here it is heated gently, so that the mass may not fuse but remain open, 
and a carefully regulated amount of air introduced. Oxidation of the manganese protoxide — formed 
when the chlorine is driven off from the mixed chlorides of manganese and magnesium — proceeds 
regularly, and a peculiar compound which has been termed manganite of magnesium (MgMnOj) is 
finally obtained. Tliis is put into the stills and treated with the hydrochloric acid from tlie con- 
denser, as in the ordinary bleach process. By carefully regulating the proportions of manganite 
and acid, an almost neutral still liquor is obtained, which is treat, d with a little magnesia, settled, 
evaporated, and worked over again in the manner described. The gaseous product of the first part 
of the fumacing — the evaporation — consists chiefly of hydrochloric acid, a sufficient amount of water 
being present. Afterwards a more or less dilute chlorine is evolved. This may be conveniently 
passed into milk of lime to form a bleaching liquor, or may be mixed with the “maiden” gas from 
the stills. 

It will be seen that by this process the whole of the chlorine is made available, and is actually 
utilized, so rendering possible an immense production of bleaching powder. A small loss of material 
is incurred from meolianioal sources — leakage, &c. — but this may be reduced to 2 or 3 per cent, by a 
carefully constructed plant. The apparatus required is of simple description, and is in no way liable 
to get out of order. And yet, probably on account of the unremitting care required in conducting 
all the various operations, and the possible amount of mischief resulting from neglect or carelessness, 
the process has never been practically successful. It will be readily appreciated from tlie foregoing 
details that there are many points which are likely to prove veritable rocks of offence. If the 
proper proportions are not kept between the manganite and acid in the still, so much magnesia has 
to be added to the liquor, that the furnace product contains an undue amount of this substance, 
■which is of course worse than useless in the still. Again, if the amount of protoxide in the man- 
ganite — answering to the “ base ” of the Weldon mang.inese recovery process— is large, a waste of 
acid results in the still operation. The regulation of the temperature of the furnace, and the 
admission of air, are likewise delicate matters requiring constant attention. The process has been 
worked by several manufacturers upon a fairly large scale, but is now entirely abandoned in favour 
of the more successful lime recovery process. 

Other plans for the regeneration of manganese have been proposed by Hofmann, Kuhlmann, 
Schloessing, Elliott, and others, but have never got into the region of practical manufacturing upon 
a large scale. 

Of the various processes for the production of chlorine without the use of manganese, that of 
the late Mr. Deacon deserves prominent notice. Beautifully simple in reaction, productive of an 
enormous yield of cheap chlorine, this process is not at all unlikely, in some revived and modified 
form, to supersede all others. At the present time it is practically abandoned on account of certain 
mechanical difficulties which militate against its continuous and effective operation. 

Deacon’s process oiiginated probably in two already patented but unsuccessful methods of 
obtaining chlorine. The one was that of Laurens, and consisted iu heating dry chloride of copper 
with sand. Cuprous chloride and chlorine gas are formed. The latter is utilized and the former 
reconverted into the cupric salt by treatment with hydrochloric acid and a current of air. The 
following reactions set forth the process : — 

CuClj = CuCl -1- Cl 

2CuCl -f O -1- HCl = 2CuC4 + H^O. 

The second process was that of Oxland, patented about 1815. He proposed to pass gaseous 
hydrochloric acid and air, in the proportion of one volume of the former ti^two of the latter, over 
pumice stone, bricks, or some other porous substance arranged in a reverberatory furnace, obtaining 
free chlorine and water. 

These processes were never carried beyond an experimental stage. The first broke down 
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through a certain and inevitable loss of copper; the second, through producing only a very weak 
chlorine. Deacon substituted sulphate for chloride of copper, finding that the decomposition 
of the hydrocidorie acid is thereby effected at a lower temperature than when the latter salt is 
employed. His process consists in passing hydrochloric acid gas, from the salt-cake furnaces, 
over an arrangement of small clay marbles, broken bricks, coke, or some other hard but porous 
substance, saturated with solution of sulphate of copper, and having access of air. At a temperature 
of about 700° F. the hydrochloric acid is decomposed, with the formation of water and evolution of 
free chlorine. Mixing sulphate of sodium with the sulphate of copper has been found to facOr 
tate the operation. The most important point in the process is the regulation of temperature. 
Below 500° the decomposition does not readily take place ; above 800° volatilization of the chloride 
of copper which is formed ensues. When the operation is carefully performed and no loss of 
chloride by volatilization allowed, the sulphate of copper remains practically unchanged, and the 
whole of the chlorine of the hydrochloric acid becomes, theoretically, available for the manufacture 
of bleaching powder. The chief part of the apparatus is the “ decomposer.” This consists of a 
series of nine towers constructed of iron, and arranged in somewhat similar style to the Hargreaves 
cylinders, shown in Fig. 240. The first two towers are packed with bricks or drain pipes, with as 
open flue spaces as possible ; the remainder are filled with small clay marbles, broken bricks, or 
coke, arranged above a grating. These materials are thoroughly soaked with the mixed solutions 
of sulphate of copper and sulpliate of sodium. Preceding the decomposer is the “ regulator,” a brick 
or iron tower packed with bricks, up which the gases are passed before entering the decomposer. 
The object of the regulator is simply to ensure a constant temperature. Both regulator and decom- 
poser are surrounded with a strong brickwork casing, in which are arranged vertical flues, communi- 
cating with a suitable furnace. To carry out this, the most important, part of the operation 
successfully, it is of the utmost importance that the decomposer be constructed of the best possible 
material and with every care. The gases are drawn through the regulator and decomposer by 
mdans of any convenient apparatus — a good chimney draught, or a Boots blower, &e. — a register of 
temperatures being made by a pyrometer, and samples of the gases entering and leaving the decom- 
poser being readily obtainable by inserting a finger pump into the pipes and drawing a known 
quantity tlirough an alkaline solution coloured blue with litmus. A considerable amount of dust — 
chiefly oxide and chloride of iron from the pipes or decomposing pans — collects in the oyliuders, 
falls through the grating into the receptacles at the bottom of the towers, and is periodically cleared 
away. A more or less imperfect decomposition is effected, the gases leaving the decomposer con- 
sisting of chlorine, hydiocliloric acid, nitrogen, uuconsumed oxygen, and steam. By regulation of 
the draught and proper admission of air, great care is taken to reduce the amount of escaping 
hydrochloric acid to a minimum. These products are next passed up a condenser, whereby the 
hydrochloric acid is washed out, and then up a coke tower, where they are dried by coming in con- 
tact with strong sulphuric acid. Occasionally a chloride of calcium drier is also resorted to. The 
gas is now ready to act upon the lime. Owing to the enormous volume to be dealt with, the chambers 
are constructed in a different fashion from the ordinary bleaching-powder chamber. Outwardly they 
resemble the old flag or slate boxes, but the interior is divided into a number of compartments, and 
these are again intersected with a series of shelves, only about 9 in. space being left between each. 
Upon these shelves the carefully prepared lime is placed in thin layers, j in. in thickness, and 
the g.is is drawn from shelf to shelf and compartment to compartment, first over the lime most 
saturated with chlorine, then over that freshly charged. As each division, by testing a sample 
drawn, is ascertained to be brought up to strength, it is shut off, aud the finished bleaching powder 
raked out. 

The two great practical difficulties that have been met with in this very simple and ingenious 
process are (1) the irregular working of the decomposer — the liability of the copper salt to volatilize or 
choke up the interstices of the marbles, or whatever packing may be used ; (2) the irregularity of the 
strength of the bleaching powder, owing probably to the dilution of the chlorine. To meet the un- 
certain volume of gas entering from the decomposing pans it is sufiicient to organize alternate chargings, 
so that the amount shall be kept as uniform as possible. The activity of the sulphate of copper can 
be renewed from time to time by the injection of steam, after allowing the decomposer to cool down. 
A fresh solution of copper salt is made in this way, and distributed over the surface of the packing. 
The only hitherto insuperable objection to the process has been the uncertain character of the 
bleaching powder. Sometimes it will come well and rapidly up to strength ; the next compartment 
or next charging will obstinately refuse to rise above 30 per cent. In the writer’s opinion the solu- 
tion of this difficulty will he found to lie in a better preparation of the lime, and more especially in 
regulating the amount of water in the slaking operation. 

The exact characte»of the chemical changes that take place in the decomposer are still very 
imperfectly understood. Deacon aud Hurter have been of the opinion that the sulphate of copper 
undergoes no change, but that its action is simply mechanical. They claim to have established, 

1. That with the same mixture of gases, and at the same temperature, the amount of hydro- 
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chloric acid decomposed by the aid of a molecnle of the copper salt in a given time depends npon 
the number of times the molecules of mixed gases are passed through the sphere of action of the 
copper salt. Conversely, that the activity of a molecule of copper salt depends upon the speed with 
which fresh matter is presented to, and the products are removed from, it. 

2. That in porous matters, the opportunities of action increase with increased velocities of the 
current of gas in nearly direct proportion. 

3. That, other conditions remaining the same, the percentage of hydrochloric acid decomposed in 
any given time varies with the square root of the proportionate volume of oxygen to hydrochloric 
acid ; and conversely. 

4. That the chloride of copper formed bears no definite proportion to the chlorine produced. 

5. That as the sphere of action includes molecules not in contact with the copper salt, hydro- 
chloric acid must be decomposed under circumstances where the union of either element with the 
copper salt is impossible, i. e. that the decomposition must in part, if not entirely, be caused by the 
resultant of the forces engaged, and therefore direct from 2HC1 + O to 2C1 + H^O. 

Many other processes for the production of chlorine have been from time to time proposed 
besides those to which prominence has been given. Those of Deacon, the acting upon salt with 
sulphuric anhydride and air — 

SO, -b O d- 2]SraCl = Na,SO, + Cl,— 

Lalande and Prud’homme, Manghan, Tessie du Mothay, Thilbierge, Dunlop — decomposing a 
mixture of nitrate of sodium and chloride of sodium with sulphuric acid — and Shanks may be men- 
tioned. None of these methods have, however, been worked to any successful issue upon a large 
scale, but those of Dunlop and Shanks deserve a few words of notice. The former is still in opera- 
tion, the latter has only recently been abandoned. In Dunlop’s process the materials were decom- 
posed in a cast-iron cylinder, the following equation representing the reaction ; — 

2 NaCl -b NaNO, + 3 H,SO, = 3NaHSO, -f 01, -f- 3 H,0 -f NO,. 

A mixture of salt with the bisulphate— drawn off in a liquid state— yields, upon fumacing, 
ordinary salt-cake and hydrochloric acid. The gaseous products are conducted through a series of 
leaden Woulffs bottles, partly filled with strong sulphuric acid, which absorbs the nitrous acid 
while the chlorine is passed on to the bleaching-powder chambers to be absorbed by lime. 

Shanks’ process consists in decomposing chromate of lime by hydrochloric acid, yielding chlorides 
of calcium and chromium and chlorine. Thus 

2 CaCrO, -f 16 HCl = CrCl, -b 2 CaCl, -b 8,0 -b Cl,. 

The residual liquors are neutralized with lime, as in the Weldon process, and treated with excess 
of milk of lime. They are then allowed to settle, the chloride of calcium is drained off, and the 
residual sludge fumaced at a low heat with access of air. Chromate of lime is re-formed and ready 
to be used over again in the stills. ^ 

BIi£ACHIITG. (Fa., Blanchimcnt ; Ger., Bleichen.^ 

By the term “bleaching,” is understood all those processes by which certain animal and 
vegetable products, more especially those used in the manufacture of clothing, are made white. 
Whatever the processes adopted, the impurities, natural or accidental, should be more readily 
affected by the chemical or mechanical means employed than the materials to be bleached ; and 
being thus either decolorized or removed, without appreciable injury to the texture of the 
materials themselves, the latter acquire the desired purity of white, which enhances their beauty 
and value, or, as in the case of textile materials sometimes, renders them more fitted for beino- 
dyed or printed. Hence the method of bleaching vegetable fibres is not at all applicable to animal 
fibres, the latter being readily destroyed by the chemical agents used for the former. 

Bleaching is a very ancient process, its exact origin being unknown. The elrliest methods 
must have been simple and tedious, and probably consisted in washing with water filtered through 
wood-ashes, and exposing to air, light, and moisture, after the manner practised by our lauuchy- 
maids to-day. All the earlier accounts of bleaching processes refer to linen, since the use to any 
notable extent of cotton goods in Europe only dates from about the middle of the eighteenth century 
About this time, the principal seat of linen bleaching was Holland, where the process consisted in 
steeping the “ goods ” m a solution of potash for several days, then in buttermilk for about a week 
and m spreading them on the grass, repeating the operations till the goods were deemed sufficiently 
white. One of the first improvements at this period, by Dr. Home, of Edinburgh, was the use of 
dilute sulphuric acid in place of buttermilk, by which the duration of thn process, formerly about 
eight months, was reduced to four months. Lime, also used at this time by the linen bleachers 
seems to have been employed from a very early date; but whether as a direct agent or only to’ 
render the potash caustic is not perfectly clear. The greatest improvement was the application of 
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chlorine, suggested by Berthollet in 1785, and introduced shortly afterwards into Scotland by 
James Watt, the eminent engineer. It is interesting to note that the Clober Bleach Works, 
Milngavie, where chlorine was first applied as a bleaching agent in Britain, are still active. 
Dr. Thomas Henry introduced its use to Lancashire bleachers about the same time. Chlorine was 
at first applied in the gaseous form, the goods being exposed to its action while hanging up in a 
stove. Afterwards its solution in water, and later still, in dilute potash, were tried. The latter 
was known as Eau de Javelle, and, being almost without smell, relieved the workmen from the 
annoyance they formerly experienced from the gas. In 1799, Mr. Charles Tennant, of Glasgow, 
introduced the dry chloride of lime or “ bleaching powder,” now universally employed, especially 
in the bleaching of cotton. For the bleaching of animal fibres, wool, silk, &c., the use of weak 
alkalies, soap and sulphurous acid, seems to have been in vogue for a long period. 

Cotton Bleaching. — Cotton is not bleached in the nnspun state, but always in the form of 
yam or thread, or of woven material or calico. 

The most thorough and perfect kind of calico-bleaching is the so-called “madder-bleach,” 
in general use with calico-printers and dyers ; a detailed description of the various processes and 
machinery in actual use at the present time for this style is therefore given. For the madder- 
bleach, it is not simply necessary that the cloth be of snowy whiteness ; it must in addition be 
thoroughly cleansed from all those foreign impurities which would resist the entrance of the dyes to 
be applied afterwards. For light and delicate plain dyes, the purer the white the better, but for 
dark shades this is not essential. When the fabric is to be printed and dyed so that some parts shall 
remain white, the bleaching must combine every excellence, and all those impurities which would 
attract colouring matter in the “ dye-beck ’ must be entirely cleansed away, otherwise a tinged or 
bad white, destructive of the beauty of the print, will be the inevitable result. The term “ madder- 
bleach ” has been applied to this particular style of bleaching, because it is very specially requisite 
for those printed goods which have subsequently to be dyed with madder, or its present substitute, 
artificial alizarine. In practice, the whites do invariably become tinged to a greater or less d( gree 
during dyeing ; but if the bleaching has been well done, the original purity of the white may 
be readily restored by a slight washing with soap and water, or by using a very weak solution 
of bleaching powder, without impairing, to any appreciable extent, tlie coloured parts of the 
design. 

Madder Bleach . — As the cotton goods come from the weaver, they present a more or less 
greyish appearance, and are usually termed “ greys.” In this state, the cotton, in addition to its 
natural impurities derived from the plant, contains all those which it has acquired during the 
process of manufacture. These are the most important, and comprise the various matters introduced 
during the sizeing of the warps, such as china clay, magnesium chloride, and other inorganic 
substances, starch or flour, grease from the size, the machinery, and the hands of the workmen, and 
dust and dirt of all kinds. These impurities may vary from 5 to 30 per cent., or more. Tiie 
natural impurities of the cotton are comparatively small, less than 1 per cent. Dr. Schunck has 
carefully examined the nature of some of these, and has shown the presence of fatty and waxy 
matters, brownish colouring substances, pectic acid, and albuminous matter. The complete removal 
of these impurities constitutes the madder-bleach. 

Stamping.— To recognize subsequently the various lots of cloth and to trace damages, each 
grey piece, before bleaching, is stamped at the ends with numbers and letters. For this purpose, 
any colour may be used which will be sufficiently fixed to resist the bleaching process and remain 
legible afterwards. Thick gas tar alone, or mixed with a little turpentine, is the most generally 
used. Aniline black has been introduced ; but owing to its liability to change, and its tendency 
to leave holes, it has not been much adopted. 

Stitching. — The pieces are stitched together in lots or bunches of five or more. Formerly, this 
was all done by hand ; now, stitching machines are universally adopted. Of these, the oldest is 
the so-called “ donkey machine,” still in use— especially iu bleach-houses where rapid unstitching 
is a desideratum — for heavy goods and such as do not require heavy calendering. Fig. 335 
represents this machine. It consists essentially of a pair of small cog-wheels working into each 
other and turned by a small winch handle. The centre of the teeth of both wheels is cut away, 
forming a groove in which the point of the needle rests, the eye end being supported by a small 
orifice in the end of a spring slide immediately opposite the wheels. The cloth to be stitched, being 
placed close up to the cog-wheels on the opposite side of where the needle point rests, is dragged 
in puckers into the latter, by turning the winch handle. When full, the needle is pushed still 
further through the cloth by the spring slide, taken from the machine, and the thread is drawn 
through by hand. If the machine is made with two pairs of cog-wheels and a pair of needles two 
threads may be stitch^ together at a distance from each other of about half an inch. In this style 
of stitching, the ends of the pieces are made to overlap. The threads are not knotted, but left pro- 
jecting 3 or 4 in. on each side of the pieces. The stitch is a simple coarse running stitch, and the 
thread is made of slackly twisted cotton, not liable to cut the cloth when subjected to heavy pressure. 
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In the bleach-houses of calico printworks, two more complicated machines are in general use, that of 
Eayer and Lincoln, generally called the American machine, and that of William Birch, Man- 
chester. Fig. 336 represents Birch’s machine. Without entering into details, it may be said that 
this machine makes the common flat chain stitch, easily drawn out again when required. It is 
simple in its working, and is so arranged tliat the attendant has simply to place together the two 
piece ends to be sewn, and to hook one comer on the tenter hooks of the guide arm, and the other 
on the hooks of the feed wheel ; the machine will then start itself and guide the fabric across. 
The ends being sewn, the guide arm unhooks itself from the pieces, falls down, and stops the 
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machine, which is then ready for another pair of piece ends to be attached. This machine may 
be driven by steam power, and will enable one person to do the work of three or four with the 
older machines. The thread is finer and the stitch is much closer than in the case of the donkey 
machine. Eayer and Lincoln’s machine is an adaptation of Willcos and Gibbs’ arrangement. In 
using it, the ends of the two pieces to be sewn are placed together, and fixed on to the pins of the 
vertical wheel. On starting tlie machine, this wheel revolves, tlie pieces pass under the needle, are 
stamped with numbeis or letters. an<l the ends are neatly trimmed off. In the most complete 
machines, the goods are held both inside and outside the line of sewing, thereby securing and 
maintaining a perfect and even stretch of the goods. This latter point is very important, and 
whatever machine be used, the tension of the thread should never be too tight, or the seam will 
become puckered during the subsequent bleaching processes, and, when dried, the piece ends 
will be scrimped and creased to a considerable extent. 

Singeing. — The next operation is “ singeing,” which consists in burning off the fine down on the 
surface of the cloth. It is essential for all those calico goods which are subsequently to be printed 
in good styles and to receive fine impressions. 

There are several methods of singeing in vogue, viz. by hot plate, by revolving hot cylinder, 
by coke flame and by gas flame. Fig. 337 represents the arrangement with two hot plates. The 
pieces are depressed on to and caused to pass rapidly over two red-hot plates P P. D renresents an 
iron frame, carrying four bars for depressing the pieces, which can be raised or lowered by the 
chain C. G G is the passing piece. The two plates are heated by the same furnace, that which 
the cloth touches last getting the direct flame of the furnace, the other covering the return flue 
lending to the chimney. By this arrangement, the piece is only partly singed by the first plate, 
and so dried that the second plate completes the singeing to the best advantage. After passing the 
plates, the pieces are drawn between two rows of steam jets at K K, through a water trough B, and 
between the rollers E E, to extinguish any sparks which may adhere to the cloth. H' is a hopper 
for leading away the products of combustion, and H is a small engine for driving the rollers E E. 
Formerly, thick cast-iron plates were used ; they have been, however, almost universally replaced 
by east-copper semi-cylindrical plates about 1 in. thick. These not only last much longer, being 
less liable to crack or get out of shape, but they are more easily kept free from the scales produced 
by oxidation, and present a smoother surface. With careful firing, such a plate may last several 
months without having to be mended. An essential point to be attended to is not to allow the 
edges of the plate to come into direct contact with the furnace flame ; to avoid this, they should 
be made to rest well on the brickwork, or in a bed of clay. If clay is not used, a little sand along 
the exterior edge suffices to confine the flame beneath the plate. 

A difficulty in plate singeing is to keep the plates at one regular strong red heat, the cooling 
action of the rapidly passing calico being very considerable. Hence, in some instances, the two 
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plates are heated by separate fomaces. The difiBculty is completely overcome by 'Worrall’s 
revolving singeing roller, as fitted up in the bleaching department of Messrs. Edmund Potter 
and Co., and represented in Fig. 338. The ordinary semi-circular copper plate is here replaced 
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by a cast-copper tube A, through which the flame from a furnace passes, heating its entire surface 
from end to end up to a good strong red heat. The tube rests with its bare weight on a pair of 
rotating pulleys B B at each end, from which it receives its own revolving motion by friction. The 



474 


BLEACB3NG. 


ends of the tube bear close up to the brickwork of the furnace and flues, and the draught is sn£S- 
ciently strong to prevent the flame from appearing through the remaining chink. D is a steam box 
for extinguishing the sparks, E E a pair of traction tollers, E the folders. At G, the piece travels 
for some distance to cool, passes round a roller, and returns. H is the hopper leading to the chimney. 
If necessary, the pieces can be singed twice on one side with the same tube, by being made to pass 
above and below, and they can be made either to merely graze the tube or to wrap pretty consider- 
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ably around it, by suitably arranged depressing bars C C. It is at once evident that the passing 
cloth comes continually in contact with a fresh surface of the revolving red-hot tube, and a regular 
even singe is the result. It may be remarked in passing that it is most economical to employ a 
system of mechanical stoking, such as Jukes’. 

A defect in the methods described is that, by being pressed against the plate or tube, the cotton 
hairs of the cloth are flattened down, which rather hinders them from being readily singed, and 
often necessitates a repetition of the operation. This defect is partly removed in the coke flame 
singeing arrangement, and wholly removed in that of the gas flame. Experience has shown that the 
coke flame alone is not sufficiently powerful ; hence it is used, as at Messrs. Schwabe’s bleach-works, 
in conjunction with the copper plate. Fig. 339 shows such an arrangement. It consists of a coke' 
furnace D covered with a cast-iron plate having a long narrow slit in it, about 3 to 4 in. wide. By 
means of a fan, air is blown into the side of the ash-pit, all other openings to admit air bein<^ 
closed. 'When started, a sheet of clear, smokeless flame 1 to 3 ft. high rises through tiie slit, across 
which the grey cloth is rapidly passed, on to the hot plates P P, through the steam box X, 
over the damping roller at T, to be folded down at H. The flame is depressed and spread out 
at C, so that it covers 1 to 2 ft. in length of the passing fabric ; and since the downy hairs are 
not flattened down, the dried and partially singed surface is thoroughly singed on the plates. 
In this, as well as in the arrangements mentioned previously, a hopper over both plate and flame 
leads off the products of combustion into the chimney by the flues F F. EE are rollers for 
guiding the cloth ; G is a traction roller driven by an engine ; S S are perforated steam pipes in 
the steam box. 

By far the most cleanly method of singeing is that with the gas flame. When first introduced, 
the flame was drawn through the passing cloth, and the general complaint was that the latter 
became too much impoverished, the nap in the centre of the fabric being burnt away. This defect 
is now completely removed, and the machine introduced by Tulpin, and further improved by 
Messrs. Mather and Platt, is a very effective arrangement. Fig. 310 represents this admirable 
machine. It consists essentially of two rows of ordinary gas burners B B extending across the width of 
the cloth to be singed. By means of two small metallic rollers D D, the cloth is brought into contact 
with each side of the flame, which is drawn up between the rollers by means«)f an exhaust fan F 
The cloth is thus singed twice by the same flame, and, being presented to it while passing round 
the smaU rollers, the nap is made to stand up in the best possible condition for being singed off The 
machine can be so threaded that the cloth may be singed twice on each side or four times on one ■ 
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side. The gas is mixed with air just previous to being burnt, and is so perfectly consumed that 
there is no deposition of carbon ; the products of combustion also are carried off in a perfect 
manner by the canals EE. A A are guiding rollers, G G traction rollers ; C is a lever, by means 
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of which the gas flames can be lowered away from the cloth, in case of a stoppage ; J J is the fold- 
ing arrangement. 

As a rule, plate singeing is preferred for thick, heavy fabrics, and gas singeing for light cloths. 
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such as muslins, jaconets, &o. The pieces may run at the rate of 150 to 200 single width pieces of 
25 yds. each per hour, constant attention being requisite to regulate the speed for the different quali- 
ties of cloth, to prevent unequal, defective, or excessive singeing, and to guard against any accidents 
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arising from fire. A very effective apparatus, in place of the water trough already mentioned for 
extinguishing sparks, is the small box fitted np in the interior with a few rollers and a perforated 
steam pipe. Through this box filled with steam, the cloth from the singe plates passes. 

After working some time, a fine downy dust collects about the singeing machine and not nn- 
frequently becomes ignited ; hence every caution is necessary. The singeing-house should bo 
frequently swept, and it is always safer to have the whole building fireproof and apart from the 
rest of the works. 



With regard to the consumption of coal in singeing, O’Neill states as the result of his experience 
with a double plate stove, heated by one fire and return flue, stove in good condition, and using 
ordinary engine coal, that 1 lb. of coal will singe fairly well 80 yds. calico |-yd. wide, two pieces 
going over at once. Schultz reports from Wesserling that 1 lb. coal singes about 63 yds. calico, with 
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iron plate and once singed. Experiments conducted at Messrs. Salis Sohwabe’s works near Man- 
chester, by Mr. Hill, with the coke flame and double copper plate, gave the following result : 

1 cwt. 3 qrs. 9 lb. coal \ p^j. ^qqq p^g 25 yds. each. 

1 » o „ 0 „ cokej 

This is equal to 1 lb. of coke and coal for 62 yds. calico, the singe.being good and complete. 

O’Neill gives the following data for the consumption of gas in Tulpin’s machine : — 

Works near Manchester .. .. 25,000 yds. f-yd. wide, singed with 1330 cub. ft. gas. 

Meyer (Steinbach Koechliu’s) .. 25,000 „ „ „ 1075 „ 

Schultz (Wesserling) 25,000 „ „ „ 1192 „ 


Reckoning that 1 ton of coal yields 10,000 
cub. ft. of gas, these figures show that 
1 Ib. of coal in the form of gas singes 
from 69 to 86 yds. of calico. 

Before going into the details of the 
processes involved in bleaching proper, 
it will be well to describe the bleach- 
house and the macliinery in use at the 
present time. Figs. 311, 342, and 343, 
show the ground-plan and elevations of 
a modem bleach-house for calico-printing 
in Lancashire, viz. that of Messrs. Alex. 
Drew and Sons. All the machines are 
driven by belting from an overhead shaft, 
by which means the noise from under- 
ground gearing, as used in many works, 
is reduced to a minimum, and the shaft- 
ing is preserved from the corrosive action 
of weak acids, &c., splashing from the 
machines. This is probably the only 
bleach-house in Britain where the ma- 
chines are driven in this manner. 

Another modern method adopted in 
establishments of good at inding is to 
have each machine driven by a separate 
engine with double cylinders. It may 
be remarked in passing, that this plan 
of dispensing with shafting and gearing, 
and planting engines of this class to 
drive each separate machine, is carried 
out in all the departments of the bleach- 
ing and finishing processes. In this case, 
where steam pipes take the place of 
shafting, there is not the same liability 
of the whole works being suddenly 
brought to a standstill, as sometimes 
occurs when a main shaft breaks ; and, 
besides the fact that each individual 
machine may be driven at the most 
suitable or productive speed, the occur- 
rence of accidents to workmen engaged 
in oiling shafting is avoided, and it is 
reckoned that this method of distributing 
the motive power is ultimately more eco- 
nomical. 

In Fig. 342, BB B represent eight 
Barlow’s kiers or boilers, which are 
worked in pairs. Behind these, running 
along the wall, are the steam, liquor, and 
water pipes, conne^ed with the kiers, 
which stand surrounded by a high wooden 
stage to give easy access to the mouth 



of each kier, and to the various steam taps, &o. The boilers themselves are made of malleable 
iron plates, riveted together, and are supported upon cast-iron columns, sufScient in height to elevate 
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tUe boilers from the ground and thus prevent corrosion. Above each boiler, is a winch R, with 
wooden spars, by which the pieces are drawn in fiUing the kiers ; other winches are placed in 
suitable parts of the bleaching-house for piling the pieces on the floor. Here and there on the 
beams overhead, are fixed numerous so-called “ pot-eyes ” ; these are rings about 4 in. in diameter, 
made of glass or glazed earthenware, fixed in wooden spars or otherwise secured, for the purpose of 
guiding the cloth, and preventing its coming into contact with iron pillars, &c. Close to the wooden 
stage surronn ling the kiers, the various limeing, washing, souring, and chemicking machines are 
arranged, forming a single row, in the order in which they are required. 
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The singed greys enter at the end S of the house, travel gradually, while going through the 
various processes and machinery, to the end W, and thence pass out in the bleached state, to be 
opened and dried elsewhere. 

The “limeing machine” L consists essentially of a pair of heavy wooden squeezing bowls or 
rollers, set over a wooden trough fitted up with rollers ; the set or pressure on the bowls is just 
sufficient to express excess of liquor, and thus prevent annoyanc.e to the workmen when the pieces 
leave the machine. The pieces pass spirally through this machine, so that they are drawn four or 
five times (the more the better) between the squeezing rollers and through the milk of lime with 
which the trough is filled, thereby getting thoroughly saturated with the liquid. The dimensions 
of the trough are about 3J ft. by 4 ft , depth 3 ft. W W are the washing machines, very similar in 
construction to the limeing machine, but much larger, the dimensions being about 9 ft. by 4 ft., 
depth 4J ft. Figs. 344 and 345 give representations of this machine. A round roller B is fixed at 
a few inches from the bottom of the water-trough B below, the latter being provided with a plug- 
hole for emptying it, and two holes about a foot from the top at the sides for overflow. Two pieces 
simultaneously enter such a machine, at each end, and pass between the two squeezing bowls A A, 
down under the roller below, and up through the stjueezing bowls again several times, being 
caused by guide pegs C to travel spirally towards the centre, and out. At the point of exit, 
the bowls are wrapped with a little lapping, to give the pieces an extra squeeze; a con- 
stant good supply of clean water flows into the trough at E, the overflow taking place where the 
pieces enter. To guide the pieces into the machine, there are two strong brass rings or “ straining 
eyes ” S, fixed to the framework above, but capable of being turned more or less obliquely, to 
give the proper degree of tension to the pieces on entering, a matter which must be well attended 
to, to avoid tearing the cloth, which is apt to occur if it is too slack ; if too tight, on the other 
hand, the washing is not so complete. G is the water main, K and W are the screws, levers, and 
weights for regulating the pressure of the squeezing bowls against each other. 0 (Fig. 341) is 
the “chemicking machine,” containing, when in use, a weak solution of bleaching powder or 
“ chemick,” and S S are the souring machines, in which the pieces are treated with dilute acid. 
Both these machines are identical in construction and method of working with the washing 
machines ; they are, however, not quite so large, and the trough or pit below is made of stone 
instead of wood. The dimensions of the trough are about 6 ft. by 4i ft., depth 3A ft. For a final 
washing, the machine F W is excellent ; it is known as Fumeval’s square beate^ of which Fig. 346 
is an enlarged section. In this, the pieces travel spirally as in the other machines; the water 
trough below, however, is much shallower, and larger in artificial area : 5i ft. by 10 ft., depth 
li ft. It is fitted with two rollers, a square one A, immediately below the squeezing bowls ; and a 
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round one B with six ribs, at the other end. The square roUer or “ beater ” revolves in a direction 
contrary to that of the pieces, which thus receive a violent flapping motion while moving in a state 
of tension along the surface of the water. In this manner, particles of dirt from the feet of the 
workmen, or which may have fallen accidentally on the pieces while piled on the floor, are 
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by 3 ft. 10 in., depth* 5 ft., capacity about 720 gallons, equal to 12 gallons per inch of depth. It 
serves for dissolving and holding in stock soda ash solution, made to stand about 50° Tw., 
equal to about 3 lb. soda ash 58 per cent, per gallon water. A K is the “ash and resin cistern,” 
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identical and connected by a pipe, with the soda ash cistern; it is used for making the “ resin soap.” 
Soda ash or caustic soda liquor from the cistern A is run into it, and the necessary quantity of 
resin is added; the cistern is filled to within a few inches from the top, and the whole is 
boiled by steam till the resin is dissolved. It is advisable to keep this liqnor constantly at a 
gentle simmer, to ensure a perfect solution of the resin, and to prevent the solution from becoming 
gelatinous or separating, wOich it does if allowed to cool. It is usual to mi asure off the quantity 
of liquor required, both here and in the soda cistern, by means of an iron or wooden bar, 
marked with inch divisions. B C is the “ batch cistern,” similar to but larger than the two last, 
standing on a lower level, but still higlier than the kiers. It serves for mixing each batch of resin 
soap or soda ash liquor witli the necessary amount of water required to feed each pair of kiers. It 
is well to measure out even the requisite amount of water for the lime boil from this cistern. 
Though not absolutely necessary, the use of this cistern ensures regularity in the amount of liquid 
for each boiling, and any undissolved particles of resin or other irregularities may be readily detected, 
before running the liquors into the kiers. 

Beneath these three cUtcrns, on the ground floor, are six stone cisterns : two for holding a solu- 
tion of hydrochloric (muriatic) acid, two for sulphuric acid (vitriol), and two for a solution of 
bleaching powder (chemick). These cisterns are made of stone slabs, bolted together with iron rods 
on the outside. The joints of the hydrochloric acid cisterns are made tight by bauds of indiarubber, 
let into grooves cot in the edges of the slabs ; the joints of the sulphuric acid cistern are made with 
molten lead, and those of the chemick cistern with Portland cement. These cisterns are connected 
by pipes (iron for the chemick, lead for the acids) with the chemicking and souring machines, so 
that no carrying of the solutions is needed. 

Fig. 347 shows the arrangement of a pair of Barlow’s high-pressure bleaching kiers, one of 
which is given in section, a b are the kiers, of strong boiler-plate iron ; g is the false bottom, con- 
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sisting of smooth water-worn boulder stones, or a cast-iron grating, on which the pieces to be boiled 
are laid ; d is the distributor, of wrought iron, acting also as a stay pipe; the upper portion is 
perforated and closed by a stop some distance from the bottom ; the block'A at the bottom is pigeon- 
holed to allow liquor to pass from the kier ; above, the distributor is connected with the tap t (an 
ordinary two-way tap), by which steam is admitted from the main pipe m, and the reversing of 
which shuts off the steam communication and admits the liquor as it is expelled from the adjoinino- 
kier ; p p is the pipe connecting the top of the kier a with the bottom of kier 6 , and g 5 is the pipe 
connecting the top of kier b with the bottom of kier a ; s s are steam pipes from the main m-, U are 
the pipes and taps through which the liquors are introduced ; 0 o are the manjjples, through which 
the goods are entered and removed, and which can be closed by an iron plate held with two cross 
bars and screwbolts ; w tr are the draw-off taps connected with the pipes p and q, and which can be 
worked from the stage at c c in emptying the kiers of spent liquor, &c. ; i % are glass gauges, by 
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■which it is seen when the liquor has passed entirely from one kier to the other ; « u are short 
iron columns to support the kiers. The dimensions of these kiers are various. To hold each about 
6000 lb. of cloth, the dimensions may be about the following : height, lOJ ft. at the side, with 
10 in. bulge at each end, diameter, 7 ft. The distributors give an equal circulation of liquor or 
steam from the centre of the kiers through the goods all around, and prevent the goods from being 
pressed down into a compact mass, to which they are liable if the steam enters directly from the 
top ; on the contrary, by this distribution, the pieces are kept rather in an open and loose condi- 
tion, and the circulation of the liquors is thereby accelerated. 

Without entering into every variety of detail which the fancy of each bleacher suggests, it wQl 
he sufficient to continue the description of the routine which the pieces to be madder-bleached have 
to pass through after singeing, premising that Barlow’s kiers are used. 

The following is a summary of the operations : — 

1. Wash from the singe. 

2. Lime into Mer, boil with lime, and wash. 

3. Sour and wash into kier. 

i. Boil with resin soap, then with soda ash, and wash. 

5. Chemick. 

6. Sour, wash, squeeze and dry. 

Washing. — The pieces are run direct from the usually adjacent singeing house into the bleaching 
house ; guided, by means of the “ pot-eyes,” through the grey washing machine ; and are piled on the 
floor. By this operation, the pieces, which till now have been in the open width, assume the rope 
or chain form, which they continue to have throughout the whole of the succeeding operations, till 
opened and dried. The friction of the squeezing bowls in the washing machine is sufficient to draw 
the pieces from a considerable distance, obviating the necessity of carrying them. A boy folds or 
plaits down the pieces on the floor, by means of a short stick, as they come from the washing 
machine. It is usual to allow them to lie thus in the pile over night to soften, tliough this is not 
absolutely necessary. 

Limeing. — From the pile, the pieces are run through milk of lime contained in the “ limeing 
machine ” direct into the kier, being drawn by the winches immediately above the latter. Boys 
enter the kier, and continue to plait down the pieces with a short stick and to press them down with 
the feet till the kier is filled. The whole of the cloth in a kier is generally in two lengths, say 
6000 lb. cloth, equal to about 1000 to 1800 pieces of 25 yds. each; by this arrangement, the 
kier is more quickly filled and emptied than if the pieces were in a single lengtli. This plan 
of running two lengths of pieces at the same time is usual in working the washing and other 
machines. 

When the pair of kiers are filled, the manholes are closed, and high-pressure steam is blown for 
about a quarter of an hour through both kiers, the i>ipes connecting the kiers being shut off and the 
draw-otf taps below open. This drives out the cold water and air, and heats the goods through, 
only a small quantity of lime water being lost. On closing the draw-off and steam taps, and opening 
the liquor tap gf one of the kiers, the necessary UOO galls, of boiling water are diawn in from the 
batch cistern. In about twenty minutes, all the water has entered, and the liquor tap is closed. 
High-pressure steam is now again admitted into this kier (the two-way tap of the other kier being 
suitably arranged previously, to connect the two kiers), and the liquor is driven through the goods, 
out by the bottom, up the connecting pipe, and on to the goods in the second kier. In about 
twenty to thirty minutes, all the liquor is in the second kier. Both two-way taps are now reversed, 
steam enters the second kier, and forces the liquor through the goods in the same way back on 
to the goods in the first kier. This alternating process is continued for about seven hours, 
boiling with steam at 40 to 50 lb. pressure; the steam is then turned off, the manholes are 
opened, and the liquor is run off below. The two ends of the pieces are at once found, since 
they are tied to a piece of string, the end of which passes through the manholes and is attached 
outside. 

Washing. — The pieces are now washed direct from the kiers through the “ Ume-washing machine,” 
and piled down on the floor. 

Lime Sour or Grey Sour. — They are then run from pile through the lime souring machine,” 
and piled again on the floor, to remain in this state for from one to two hours. The souring 
machine is fed from the cistern with a solution of hydrochloric acid, at 2° Tw. If con- 
venient, the pieces may he run direct from the lime boil, or “ lime bowking,” as it is often 
called, through the washing machine and at once through the souring machine without piling 
between. In this case, the two machines must run at exactly the same speed, and several 
yards of slack piece aie allowed, before entering the souring machine, to drop on the floor, or pre- 
ferably on to a trav'Lling apron or endless band of wooden spars, driven in connection with the 
machines. 

Washing after Lime Sour. — In this washing, it is most essential that every trace of acid be 
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expelled from the cloth, hence the pieces are run from the pile through two washing machines 
successively, and direct into the kiers, to be boiled with resin soap. 

Resin Boil or Ley Boil. First Boil in Resin Soap and Soda. — The pieces are admitted into the 
kiers exactly in the same way as for the lime boil. When the manhole lids are screwed on, steam 
is introduced to drive off air and cold water, and to heat up the cloth as before. The liquor tap 
of one kier is opened, and resin-soap liquor, equal to 770 lb. soda ash, 214 lb. resin, and 1400 galls, 
boiling water, is run in from the batch cistern. The quantity of cloth in the two kiers is supposed 
to be 12,000 lb. The kiers are worked by driving the liquor from one to the other, as before, for 
seven hours, with steam at 40 to 50 lb. pressure. The steam is turned off and the liquor is 
run out, its expulsion being aided by turning steam on again. Wlien all the liquor is out, the 
steam and draw-off taps are closed, and the liquor tap is opened, to admit soda-ash liquor. 

Second Boil in Soda Ash alone.— Soda-ash solution, equal to 120 lb. soda ash, and 1400 galls, 
water are run in from the batch cistern, and the boiling is continued, as before, for one or two 
hours. The steam is then shut off, the liquor is run out, and the manholes are opened. 

Washing after Ley Boils. — The pieces are now run direct out of the kiers through the washing 
machine into pile. It is usual to pile the goods on a wooden stillage, to keep them clean. 

Chemicking. — They are then passed through the “ chemicking machine,” which is fed from the 
chemick cistern with a clear solution of bleaching powder at i° to Tw., and are run into pile, in 
which state they remain two or three hours, or even over night. If convenient, the pie.ces may be 
run direct from the ley boil, through the washing and chemicking machines, without piling 
between. 

White Sour. — The cloth is next run through the “ white-souring machine,” fed from the cistern 
with a solution of sulpliurio acid at 2° Tw., and are ag.iin piled for two or three hours. 

Final Washing. — The pieces are now washed thoroughly in the final washing machine, and are 
either piled on a wooden stillage, or, if convenient, are run direct' through the squeezers, to be at 
once opened and dried. 

It will now be well to inquire into the theory of the modem bleaching process as described 
above, and to notice slight modifications of details as practised in different bleach-houses, 
drawing attention, at the same time, to important points which must be remembered to ensure 
success. 

Notes on Grey Washing.— Some bleachers omit the first washing, and run the dry greys at 
once through the limeing machine into the kier. Though not absolutely essential, this first 
washing is most advisable, especially where the limeing machine is small. Its principal object 
is to prepare the cloth for absorbing the milk of lime more evenly by making it thoroughly damp; 
at the same time, it removes some of the size and filling. Formerly, it was customary to steep 
the greys in a pit of cold water for two days or so and tlicn to wash, before limeing, in order to 
ensure regularity in the lime boil ; but this slow process has been gradually discontinued, and is 
not now usually practised. In this “ rot-steeping,” as it was called, the starchy matters of the size 
were rendered soluble by the fermentation which took place, and were thus easily washed out ; 
there was, however, always the danger of “ tendering ” the cloth in this process, by the fermentation 
becoming too vigorous and attacking even the cotton fibre itself. 

Notes on Limeing. — The chief point to be aimed at in limeing is to have the gootls equally 
and thoroughly well saturated with the milk of lime ; any defect in this respect is sure to give 
rise to stains that will be noticeable in subsequent dyeing. With some bleachers, especially where 
open low-press kiers are employed, it is usual to occasionally throw scoops-full of milk of lime over 
the pieces while being admitted into the lime kier, more particularly if the first washing has been 
dispensed with. The lime may be slaked immediately before using ; the milk of lime as formed, 
and free from lumps, is gradually run into the limeing machine, during the passage of the pieces. 
The more preferable plan is to keep a stock of previously slaked lime in a stone cistern, fiom 
which the necessary quantity of pasty lime is ladled into a tub, there mixed with water, 
and run into the limeing machine. The quantity of lime used is variable according to quality of 
cloth. A good average amount is 5 lb. lime per 100 lb. cloth. The proportion of lime being 
absorbed by the cloth is readily ascertained by washing a yard or two of the limed cloth, and 
testing a given portion of the measured wa.sh water with a solution of hydrochloiic acid of known 
strength. 

Notes on Lime Boil. — In filling the kier, the cloth should be evenly and well packed, especially 
at the sides, but not too tightly, so that the liquor may percolate as equally and easily as possible 
throughout the interior of the mass. During the boiling, the lime decomposes the greasy, resinous, 
and wax-like matters in the fabric, forming with them insoluble lime soaps ; it also attacks the 
alumina, and modifies the brown colouring matter of the fibre, yet preservS the latter in a good, 
strong condition. The insolubility of the lime soaps formed is peculiarly advantageous, since the 
fatty matters are fixed the moment they become decomposed, and are thus prevented from floating 
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about and accumulating irregularly through the cloth, thereby producing stains. In consideration 
of this property, coupled with the facts that the resinous matters are more energetically attacked by 
lime than by the caustic alkalies potash and soda, and that its price is low, lime is to be preferred 
for the first boil. When using low-press kiers with central puffer pipe, and with an insufiSciency 
of water in the lime boil, the pieces at the top are liable to become tendered by the continued 
action of the heat and steam. In the same way, it may happen that the pieces lying at the bottom 
of the kier may be tendered, by the liquor having been forced up the pufier pipe to the top, and 
being so small in quantity as not to have time to circulate through the pieces to the bottom again. 
It is best to have the level of the liquor about 1 to 2 feet below the top of the pieces. With too 
much liquor, on the other hand, there is the risk of the pieces floating, and becoming entangled and 
damaged by tremulous boiling. During the lengthened boiling, water condenses and accumulates ; 
care must theretbre be taken not to run off too much or too little liquor. With Barlow’s Mers, and 
with the injector kier to be afterwards described, when care is taken to add the proper measure of 
liquor at the beginning, there is not the same risk in this respect. During the lime boiling and 
subsequent washing, the cloth loses most of the starchy, insoluble and soluble, inorganic matters of 
the weaver’s dressing. The resinous, fatty, and colouring matters still remain, but in 'an altered 
state, and the goods look even darker than before. 

Notes on Souring. — The object of the souring after the lime boil is to decompose the insoluble 
lime soaps by removing the lime, besides dissolving out any excess of the latter adhering mechani- 
cally to the cloth. The acid also dissolves iron, copper, aq^ other metallic oxides which may be 
present, and loosens the brown colouring matter of the fibre. Hydrochloric acid is preferable to 
sulphuric acid for this purpose, on account of the greater solubility of its lime salt ; and care should 
be taken to keep up the strength of the acid to about 2° Tw., by having a regular flow from the 
cistern, since it is rapidly neutralized by the lime from the pieces. It is not advisable to add 
strong acid to the machine, for fear of its getting on to the cloth in its undiluted state, when, 
being more' diflicult to wash out, it might cause tender places. The following is an excellent 
method of keeping the sour at a regular strength, the hydrometer being of no use. A i pint of 
the hydrochloric acid sour is taken from the machine while the pieces are running, and put 
into a small pot ; a solution of caustic soda at 25i° Tw. is slowly added, from a graduated tube, 
with constant stirring, till a small piece of turmeric-dyed cloth, dipped in the mixture, shows, 
by its becoming slightly brown, that the acid is fully neutralized. The number of divisions of 
caustic soda required to effect this, gives the strength of the acid. The graduated tube should be 
a thick glass bottle of tubular form, each division showing J oz. measure of water. Divided in this 
manner, each ^ oz. measure of the caustic soda required represents 1° Tw. of hydrochloric acid, 
and the marks 1° Tw., 2° Tw., 3° Tw., &c., may be at onee filed on the glass, beginning at the 
top. This testing is sufficiently exact, and can be performed in a few minutes by an ordinary 
workman. Soured goods should never be left lying long enough in a pile for the exposed parts to 
become dry, as the gradual conoentratiou of the acid in such parts may tender them; hence 
exposure of the goods in this state to air currents should be avoided. 

Notes on Eesin BoU. — As already stated, the fatty matters remain in the cloth after the grey sour ; 
but, being in the altered state of fatty acids, they are readily dissolved off, in the boiling with soda 
ash and resin soap, along with the brown colouring matters and everything else soluble in alkaline 
liquids. Formerly soap, soda, qr potash was used. Soda ash or caustic soda aione is still used by 
those bleachers whose goods are sent white into the market ; but for calico which is to be printed and 
dyed, the addition of resin soap is essential. Experiments made on the large as well as on the small 
scale, to be detailed afterwards, amply prove this. What the peculiar action of the resin is in this 
respect is not known. O'Neill states that he has used in its stead a coarse soft-soap made from 
sunflower oil, and with equal results. The subject is worth further inquiry. The date of the intro- 
duction of resin for bleaching purposes is not definitely fixed ; from all accounts, it seems to have been 
about 1830. The usual amounts in vogue at present are: li to If lb. of resin, and 4 to 4i lb. soda 
ash (at 58 per cent.) per 100 lb. calico. With low-pressure kiers, steam at 8 to 10 lb. pressure, 
the boiling is continued twelve to fourteen hours ; with Barlow’s kiers, about seven to ten hours, 
according as the pressure of steam used is 50 lb. or 35 lb. per sq. in. With the new injector kier, 
three to four hours at 45 to 50 lb. pressure of steam is deemed sufficient. Some bleachers boil one 
to three hours with soda ash alone, both before and after the resin boil, using 1 to 2 lb. soda ash 
per 100 lb. cloth. The first soda-ash boil, though not absolutely necessary, is advisable, in order to 
neutralize any traces of acid accidentally left in the cloth through defective washing ; and of course 
the soda ash liquor should be run into the kier without any previous heating of the goods by 
blowing steam through, as is the custom with Barlow’s kiers, in admitting the resin soap and other 
liquors. AnothiS plan is simply to run in the weak solution of soda ash till the goods are com- 
pletely covered, and then to run it off again, before blowing steam through and introducing 
the regular liquor. This is called “ sweetening ” the goods. If the water of the bleach-house 
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contains any considerable quantity of lime, a slight soda-ash boil, both before and after the resin 
boil, prevents the deposition of a lime soap on the cloth, and, in these circumstances, is advisable. 
The second soda-ash boil, though sometimes omitted, also ensures a complete removal of grease, 
and especially any particles of resin which might remain. That resin is not unfrequently left in the 
cloth is proved by its appearance on the scrimp rails, expanders, &c., in front of the white drying 
machines, after a large number of pieces have passed over ; hence the necessity of seeing that the 
resin is well boiled with a sufficiency of soda ash previous to putting it into the kier. Another very 
good method of making the resin soap is as follows : — the resin cistern is made up with liquor in 
the following proportions ; 33 gallons water and 33 gallons canstic soda at 70° Tw. are heated to 
the boil, 220 lb. resin are then added and stirred for a quarter of an hour or more, the boiling is 
continued for six hours till the resin is completely dissolved. The alkaline liquor is made strong 
enough to keep the undissolved resin afloat, otherwise the latter collects as a pasty mass at the 
bottom of the cistern, and is not so readily dissolved. The cistern is, of course, tilled up in the 
proportions given, these only representing the amount required for one boiling of 12,000 lb. cloth, 
for which there would also be used, along with the resin soap just given, soda-ash liquor equal to 
450 lb. dry soda ash. 

When the goods have been boiled in soda ash, it is very important not to leave them lying in the 
kier for any length of time after the liquor has drained away ; they should be washed as soon as 
possible, since they are very liable to get iron stains at this stage, either from the sides of the kier 
or otherwise. There is no fear of t^g goods being tendered during a soda-ash boil, unless, per- 
chance, the ash contains caustic soda, and then, if there is a sufBciency of liquor, it is entirely 
prevented. 

Notes on Chemioking. — It is the bleaching-powder solution which is essentially the whitening 
and colour-destroying agent, and its application is absolutely necessary, after the removal from 
the cloth of all fatty and other foreign matters, in order to destroy the alight creamy colour stiU 
remaining. Before its use was properly understood, it was often applied previously to tlie removal of 
the fatty impurities, and oxidizing these, and forming insoluble lime soaps, it produced stains which 
withstoi^ even an acid bath. Olive and other oils, if boiled with a sufficient amount of bleaching- 
powder solution, give a white, solid, wax-like body totally insoluble in boiling caustic alkalies or in 
strong acids. Dry chlorine gas in the dark does not in general decompose dry colouring matter; 
light, and especially moisture, are necessary to produce reaction. The bleaching effect of the 
chemicking takes place principally while the goods are lying saturated with the weak solution of 
bleaching powder, which is partiy decomposed by the carbonic acid of the air, as well as by the 
cotton fibre itself. The bleaching is completed on the subsequent treatment with acid, the dis- 
engaged chlorine gas destroying the very last traces of colour. It is advisable never to use the 
“chemiok” so strong that chlorine or hypochlorous acid gas is evolved in any considerable quan- 
tity in souring, and the best method is to wash the goods between chemicking and souring. 
Care must be taken to have the bleaching-powder solution perfectly free from undissolved par- 
ticles, otherwise holes in the cloth are sure to result ; neither must it be too strong, too warm, 
nor too long in contact with the cotton, for the same reason. Goods which have been properly 
heated with lime, acid, and alkali, should only require a very weak chemicking to make them of 
snowy whiteness. Should a stronger treatment be necessary, it is better to give the goods two or 
even three treatments with weak chemiek than to risk a strong sohition. It is usual and best to 
chemick cold ; with a luke-warm solution, a better white is obtained and more quickly, a warm 
weak bath acting as well as a cold strong one. If the bleaching-powder solution is only a little too 
strong, the cloth becomes rotten, and, if heated, it would be gradually quite destroyed, since, as 
Payen has shown, cellulose dissolves in such a solution with evolution of carbonic acid gas even 
at 50° (122° F.). The usual strength of chemick liquor is i° to J° Tw. When the pieces have been 
running in this liquor for some time, the use of the hydrometer would be misleading, hence a rouo-h 
and ready, but tolerably exact method of testing is adopted. The following test solutions are 
required : — 

Arsenic Solution. — 3J grains arsenious acid are dissolved by boiling in 1 quart caustic soda 
at 16° Tw., then cooled. 

Indigo Indicator Solution. — 1 measure extract of indigo of good quality, 2J measures sulphuric 
acid at 144° Tw., Sj measures water, mixed well and filtered: 200 grain measures of this inicator 
should require 100 grain measures bleaching liquor at Tw. to decolorize it. 

Test Solutions for use. — (a) 2 measures arsenic solution, 7J measures water, 4 measures indiu-o 
indicator solution, = 13J measures. (6) IJ measure arsenic solution, llj measures water, J measure 
cochineal liquor at 6° Tw., = 1 3J measures. '1 he cochineal liquor at 6° Tw. is made up with 1 measure 
of a watery solution of cochineal at 12° Tw. and 1 measure of methylated spirit, thi4^s to prevent the 
solution from moulding. In testing, about J of the chemick liquor is used to decolorize the cochineal. 
Either of the.se test solutions can be used with the same graduated phial, which should be of 
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thick glass and cylindrical, about 8 in. long and If in. in diameter. This phial should he 
graduated empirically by a chemist in the laboratory, so that each division shows Tw. of 
bleaching liquor, thus 


Strength of 
Chemick 
Used. 

Mark made 
on Phial. 

No of gr. meas. ) 

Chemick required i ^ 

i No. of gr. meas. 
1 Test Elation. 

Measure where 
Marks are made 
on Phial. 

deg. Tw. 

2 

lO 

2 

1125 

100 

gr. meas. 

1225 

3 

lO 

3 

750 

100 

850 

4 

lO 

4 

562J 

100 

662J 


5 

450 

100 

550 

6 

6 

375 

100 

475 

8 

lO 

8 

2811 

100 

3811 


The highest number, 8, is of course marked below. 

In order to test the strength of the chemick liquor of the machine, 100 grain measures of 
either of the test solutions is put into the graduated phial, and some of the chemick liquor is 
added by degrees (shaking the mixture after each slight addition), till the test solution is exactly 
decolorized. The number of the division at which the chemick liquor stands in the graduated 
phial gives the strength of the liquor in tenths of a degree Twaddle. The whole operation is 
extremely simple, and can be performed in halt a minute or so, by the workman or boy attending 
the machine. 

The most usual and rapid plan of applying the chemick is by means of the chemicking machine, 
as already described. Another method also adopted, principally by market bleachers and for fine 
cloths, muslins, &c., is to pile down the pieces in large stone cisterns provided with false bottoms. 
The chemick is pumped up by a lifting or a centrifugal pump from a well below, it flows into 
wooden perforated troughs or trays (drainers) placed above the cisterns, and is allowed thus to 
circulate through the cloth down into the well below, to be again pumped up, and so on during two 
to four hours. 

Notes on White Sour. — For the “ white sour,” either hydrochloric or sulphuric acid may be used. 
Some bleachers prefer the latter, from its being less liable to contain iron. If this white souring is 
omitted and the goods are only washed after chemicking, they seem still to retain somewhat of a 
colourable substance, since such goods, when stored in the w.nrehouse for some time, acquire 
gradually a yellowish or creamy tinge. To avoid this as much as possible, the last passage in 
weak acid is given, to dissolve the colouring substance which the chemicking has merely destroyed, 
together with any traces of iron which may still rdlnain. It is needless to remark that the final 
washing must be thorough ; here, as in all 
washing, a rapid change of water is more 
essential than volume. 

Keferring to the boiling with lime, 
resin soap, &c., the great object sought 
after is to have every portion of the goods 
well boiled, and subjected to the action of 
the liquors ; to effect this purpose, mauy 
varieties of boiler or kier have from time 
to time been invented. Besides Barlow’s 
kier, already described, there is also Peu- 
dlebury’s kier, identical in principle with 
Barlow’s, and well adapted for bleachers 
on a smaller scale. The only difference is 
that one of the pair of kiers is smaller, so 
that a smaller quantity of cloth can be 
bleached at once ; only the larger kier is 
filled with goods, the smaller one being 
required to contain the liquor between its 
passages through the goods. Still in use, 
especially for muslins, is the ordinary low- 
press kier, for working with steam at 3 to 
10 lb. pressure. Fig. 348 represents this 
kier. A is the bctler, the lower part of 
which is given in section ; B is the vomiting or puffer pipe, with “ bonnet ” M at the top ; C is 
the perforated false bottom; D is the lid working on the hinge E and lifted up by attached 
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chains, not shown in the figure; F is an air-valve; L is a steam-pressure gauge; H and I are 
the steam and liquor pipes, connected by a two-way valve K with the pipe J, leading to the 
bottom of the puffer-pipe ; G is the draw-off valve. The usual method of working this apparatus 
is to blow steam through the goods for one and a half to two hours, then to enter the liquor and boil 
for ten to twelve hours. During this boiling, the liquor which collects below the false bottom is 
forced by the steam up to the top of the vomiting pipe and is there spread by the bonnet over the 
pieces. This action is of an intermittent character, since, after each ejection of the liquor, the force 
of the steam must accumulate till it is able to overcome the weight of the column of water in the 
puffer pipe. The most recently introduced is the injector kier of Messrs. Mather and Platt, Man- 
chester, which bids fair to displace those mentioned. Fig. 349 gives a section of it ; A is the 



boiler or kier, filled with cloth to G ; H H is liquor collected on the top of the pieces ; B B are 
the steam pipes, F the liquor pipe, D the circulating pipe ; C is the injector ; and E E the draw-off 
valve and waste pipe. 

In the sense of there being a rapid continual circulation of goods through the bleach-house 
without any long period of exposure on the grass, as was formerly the case, it may perhaps be con- 
sidered that the bleaching process of to-day is continuous, though the term is not strictly correct 
the operations being still intermittent. Attempts have been made in this direction; but with little 
or no commercial success. 

Besides the bleaching agents at present employed, many others have at different times been 
proposed, e. g. silicate of soda, stannate of soda, petroleum oil, &c. Tessie' du Mothay and Eousseau 
patented, in 1866, the use of permanganate of soda for bleaching, which, though in some styles 
of work it has had a share of success, has not by any means been able to supplant the bleaching 
powder. Various patents, too, have been taken out for the use of ozone, and, at the present time 
(1879), a liquid preparation called “ chlorozone,” discovered by M. D. Brochocki, of Paris is being 
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introduced to the bleachers throughout Britain by the makers, Messrs, Nathaniel Holmes and partners, 
Warrington and London. Ohlorozone is obtained by saturating a cold, caustic alkaline ley with a 
mixed current of hypochlorous acid and air. Its action in bleaching is similar to that of a solution 
of chloride of lime or soda ; but it is said to possess a much greater decolouring power, without 
having any injurious action on the fibre. No doubt ozone has been the real bleaching agent, from 
the earliest times (when the cloth was exposed on the grass to air, light, and moisture) until now. 
It is known that ozone is constantly present to a greater or less degree in the atmosphere. 
In the rapid bleaching process of to-day, the general opinion is, that the really active agent 
is the ozone produced by the bleaching powder, the use of which simply replaces the old custom of 
exposing on the grass. According to this view, chlorine gas is evolved by the decomposition of the 
bleaching powder, it combines with the hydrogen of the water, and oxygen in the nascent state 
(ozone and antozone) is liberated. Where, however, the goods are washed between cheraicking 
and souring (and this is decidedly the best plan), it is hypochlorous acid which is evolved, and, by 
its rapid decomposition into chlorine and oxygen (ozone), bleaches with double power, the chlorine 
liberating additional oxygen (ozone) from the water present. It must always be remembered that 
in these reactions there is a production of hydrochloric acid in the nascent state within the fibre, 
to which, probably, the tendering action of the chemicking is in a large measure due. 

At one time or another, every bleacher has his attention involuntarily directed to the annoying 
occurrence of stains. Some of these are visible in the white cloth when dried, others only after 
being dyed. The former class may be simply dirt from the workmen’s shoes, or other obvious 
causes easily remedied. Others may arise from dirty water being driven into the kiers along with 
the steam, from loose packing in the pipe-joints, grease, &c. This last may come from the stuffing- 
box of the piston-rod of the engine, from steam drying cylinder stuffing-boxes, &c. Iron stains 
often arise from rusty nails in the roof or on stillages, and from the inner sides of the kiers, to 
avoid which it is customary to whitewash the interior of the kiers with lime from time to time. 
Iron supports, brackets, &c., under the roof should be occasionally painted, and all wooden stillages 
should be pegged with wood instead of using nails. Holes, cuts, tears, &c., form another class of 
damages more or less frequent in all bleach-houses. As a rule, their occurrence to any large extent 
shows careless working or defective machinery. Some may arise from rubbing of the pieces against 
the sides of the kier through tremulous boiling, others may be caused by pebbles and cinders from 
the water, and even nails, becoming accidentally imbedded in the bowls of the washing machines. 
Cracked pot-eyes, and wooden rails worn to a cutting edge by the lengthened friction of the 
pieces in transit, are also occasionally a source of damage, and should be periodically examined. 

With regard to the alteration in weight, length, and breadth of calico pieces during the present 
processes of singeing and bleaching, the following are the results of personal observation. 

One piece best cloth, 72 reeds, 36 in. broad, 25 yards long, and weighing 5 lb. 4 oz., showed : — 
Loss of weight in iingeing .. . 3 to 4 oz. = 3‘5 to 4-7 per cent. 

Loss of weight in bleaching . . .. 10 to 12 oz. = 11 "9 to 14'2 ,, 

Loss in breadth ,, .. .. 2J in. = 6’9 „ 

Gain in length „ . . . . | to 1 yard 3 ■ 0 to 4 • 0 „ 

As already stated, the loss of weight in bleaching may vary considerably, according to the 
quantity and quality of the sizeing which is in the warps. 

O’Neill gives the following interesting results of experiments in testing the tensile strength 
of the cotton threads before and after bleaching, by measuring the strain required to break the 
thread. The calico experimented on was of good quality, and h;id sixteen to eighteen threads 
to the J inch ; the length of thread for testing varied from 0 ■ 25 in. to 2 ■ 1 in. 

Average "Weight required to | 

Break a Single Thread, | 

Before Bleaching. After Bleaching,' 
grains j grains 

No. 1 cloth, weft threads 1714 | 2785 

No. 1 „ warp „ 3140 i 2920 

No. 2 „ „ „ 3467 I 3708 

No. 3 ,, ,, ,, ,. 3512 j 4025 

^ 

“ It is seen,” says the author, “ that in two cases out of three, the warp threads are stronger 
after bleaching than before, and in one case a little weaker. All that can be safely concluded from 
numerous trials made, is that the tensile strength of the cotton yarn is not injured by a careful but 
complete bleaching, and probably it may be strengthened by the wetting and pressure causing a 
more complete and effective binding of the separate cotton hairs or filaments, the twisting together 
of which makes the yam.” 
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An idea of how little change hag been made in the madder-bleaching process during the last 
thirty years, will be gained from the following sketch of the process as carried on at the celebrated 
print works of Messrs. Thomson, Clitheroe, Lancashire, in 1845 and 1850, in comparison with the 
process of to-day, as conducted at the equally famous print works of Messrs. W. Crum and Co., 
near Glasgow, and with two other processes also in actual use. 

1845 Process ( Thomson’s). 1 2,000 lb. Cloth. Lorn-press Kiers. 

1. Wash after singeing. 

2. Lime boil, 430 lb. lime, 10 hours boil, wash. 

3. Lime sour, hydrochloric acid 2° Tw., 1 hour steep. 

4. First ash work, 215 lb. soda ash, 10 hours boil, wash. 

5. First ohemick, 137 lb. bleaching powder in solution at Tw., 10 hours steep. 

6. First white sour, sulphuric acid 2J° Tw'., 1 hour steep, wash. 

7. Second ash work, 130 lb. soda ash, 10 hours boil, wash. 

8. Second cheraick, 70 lb. bleaching powder in solution at Tw., 5 hours steep. 

9. Last white sour, sulphuric acid 2J° Tw.. 1 hour steep. 

10. Wash, squeeze and dry. 

Process (^Thomson’s). 12,O;.0 16. CVotA. Low-press Kiers. 

1. Wash after singeing. 

2. Lime boil, 680 lb. lime, 10 hours boil, wash. 

3. Lime sour, hydrochloric acid 2° Tw., wash. 

4. Eesin boil, 770 lb. soda ash, 214 lb. resin, 10 hours boil, wash. 

5. Chemick, bleaching powder solution at f° Tw., 6 hours steep, wash. 

6. White sour, hydrochJorio acid 2° Tw., 2 hours steep. 

7. Wash, squeeze and dry. 

1879 Process {Crum’s). 12,000 lb. Cloth. Barlow’s Kiers. 

1. Wash after singeing. 

2. Lime boil, 500 lb. lime, 10 hours boil, 35 lb. pressure, wash. 

3. Lime sour, hydrochloric acid 2° Tw., wash. 

4. Eesin boil : 1st. Sweeten with 120 lb. soda ash, 1600 gall, water. 

2nd. 450 Ib. soda ash, 220 lb. resin, 33 gall, caustic soda at 70° Tw. ( = about 
120 lb. solid caustic soda at 61J per cent. NaHOj, 14,000 gall, water, 
10 hours boil, 35 lb. pressure, wash. 

5. Chemick, bleaching powder solution at i° Tw., wash. 

6. White sour, sulphuric acid at 2° Tw., pile 1 to 3 hours. 

7. Wash, squeeze and dry. 

Another 1879 Process. 12,000 lb. Cloth. Low-press Kiers. 

1. Wash after singeing. 

2. Lime boil, 600 lb. lime, 10 lb caustic soda (solid), 10 hours boil, wash. 

3. Lime sour, hydrochloric acid, 2J° Tw., wash. 

4. Ley boils: 1st. 120 lb. caustic soda (solid), 3 hours boil. 

2nd. 560 lb. soda ash, 120 lb. caustic soda (solid), 320 lb. resin, 120 gall, water, 
10 hours boil, water 16 in. above the false bottom. 

3rd. 120 lb. cau.stio soda (solid), 3 hours boil, wash. 

5. Chemick, bleaching powder solution J° Tw., wash. 

6. White sour, sulphuric at 2° Tw., pile 1 to 3 hours. 

7. Wash, squeeze and dry. 

Another 1879 Process. 12,000 lb. Cloth. Low-press Kiers. 

1. Wash after singeing. 

2. Lime boil, 500 lb. of lime, boil 12 hours, wash. 

3. Lime sour, hydrochloric acid 2° Tw., wash. 

4. Ley boils ; 1st 170 lb. soda ash, boil 3 hours. 

2nd. 430 lb. soda ash, 190 lb. resin, 95 lb. caustic soda (solid), boil 12 hours. 

3rd. 190 lb. soda ash, boil 3 hours, wash. 

5. Chemick, bleaching powder solution 5° Tw. 

6. White sour, hydrochloric acid 2° Tw., pile 1 to 3 hours. 

7. Wash, squeeze and dry. 

As there are differences in the quantities of stuffs used in the present bleaching processes, 
the following account of experiments carefully conducted both on the large anff small scale will be 
of interest. 

To test the effect of varying quantities of lime, several lots of cloth, each 2800 lb. weight, were 
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boiled for 10 hours with : a, 100 lb. ; 5, 150 lb. ; c, 160 lb. ; d, 200 lb. ; e, 260 lb. lime, in the usual 
way. The various lots were then soured, washed, boiled with soda ash, chemicked, soured, and 
washed, as usual. From each lot. a small piece of the cloth was taken and dyed in a madder bath 
for 2J hours, boiling during the last J liour. All the fents became dyed a pink shade ; i, c, d, e, 
were le.S3 tinged than a, there being little difference between c, d, and e. Eesult ; use 150 to 160 lb. 
lime per 2800 lb. cloth. 

Experience shows that light goods rec^uire less lime than this quantity. Cloth boiled on the 
small scale with lime for 5, 10, 20 hours, and treated as before, showed in subsequent dyeing no 
difference; hence 10 hours’ boil may be deemed sufficient for a kier full of cloth, using low 
pressure. 

To test the action of resin soap, the following experiments were made ; — 

1. On the small scale, the cloth was boiled with lime, soured, boiled twice with soda ash, each 
time for 12 hours ; the first soda boil was with varying quantities of soda ash, viz. 8 oz., 4 oz., 2 oz., 
and 1 oz. soda ash per gall, water, then washed ; and the second soda bod for all four trials was 
made with a soda solution at 2 oz. soda ash per gall, water. All the trials were then chemicked, 
soured, well washed, and dyed with madder. Eesult : all the fents dyed a reddish tinge. 

2. Two fents, limed, soured, and washed, were boiled for 12 hours with solutions of canstic soda, 
containing 6 oz. and 3 oz. solid caustic soda respectively ; botli fents were then boiled iu a solu- 
tion of 2 oz. soda ash per gall, water for 10 hours, washed, chemicked, soured, washed, and dyed 
with madder. Eesult ; the fents were tinged red even more than in the first experiment. 

The above experiments showed that the cloth, when boiled with the strongest solutions 
either of carbonate of soda or caustic soda, dyed up deeper and redder in the madder bath 
than when boiled with the weaker solutions, and proved that whatever the proportion of soda 
used it is not able to remove that principle in the cotton fibre which attracts the dye in a madder 
bath. This result was completely confirmed by experiments made on the large scale, taking 
2800 lb. cloth, and 50 lb., 100 lb., 150 lb., 200 lb. soda ash (without resin) for four separate trials. 

If, in any of the foregoing experiments, a little resin soap was added to the soda boil, it was 
found that after chemioking, souring, and washing, the cloth no longer dyed in a madder bath, 
but became merely superficially soiled and tinged of a delicate pink shade. The resin soap, added 
to the soda, seems therefore not only to dissolve off better the free fatty acids ; but also to dissolve 
off that waxy, resinous, or albuminous principle which attracts the dye of the madder bath, and 
which a bqiling in soda alone does not affect. 

3. In order to determine the best proportion of resin to employ, the following trial was made. 
Cloth which had been previously limed, soured, and washed, was divided into four fents, and each 
was boiled separately for 12 hours with the following solutions of resin and soda in 1 gall, 
water : — 

a. 1 oz. soda, J oz. resin. j c. 2 oz. soda, 2 oz. resin. 

b. 2 oz. soda, 1 oz. resin. | d. 4 oz. soda, 3 oz. resin. 

The fents were then boiled for 1 hour iu a solution of 2oz. soda per gaU. water, washed, chemicked, 
soured, washed, and dyed with madder. Eesults : a was a pretty good white, 6 and o were the 
best white, d was brownish, not a good white. These were corroborated by experiments made on 
the large scale with 2800 lb. cloth. If 50 lb., 60 lb., 62 lb. resin were used, the dyed white was 
good, while the use of 75 lb., 80 lb. and more resin gave a dirtier and browner white after dyeing. 

The final operations of the madder-bleach, viz. Squeezing, Opening, and Drying may now be 
discussed. 

Squeezing. — The squeezing rollers or “squeezers,” for expressing the greater part of the 
water retained by the pieces from the final washing, are represented in Fig. 350. This machine 
consists of a pair of hard wooden bowls or rollers A A, generally of birch or sycamore, about 18 in. 
or more in diameter, and about 18 in. in length ; sometimes the bottom bowl is made of highly com- 
pressed cotton. Compound levers, weight, and screws B B and C serve to regulate the pressure of the 
bowls against each other ; the latter are driven by cog-wheels connected with shafting, or preferably 
by an attached independent small engine. The pair of bowls are usually set over a small water 
trough D D, through which the piece passes before entering the nip. Through this machine 
also, two lengths of pieces generally pass at the same time, not spirally, as in the washing machines, 
but each getting only a single nip. One of the principal drawbacks in this squeezer is the com- 
paratively rapid destruction of the bowls, the attendant inconvenience of stoppage, and the 
expense of renewing or turning up the bowls in a lathe. 

The above form of squeezer is being rapidly superseded by the more durable one introduced 
by Wm. Birch. The elasticity of the rollers, so indispensable when the cloth strand is spread out 
in a flat layer of necessarily uneven thickness, becomes superfluous when the strand is confined 
in a narrow groove, in which the layer of cloth must needs arrange itself evenly. This grooved 
form is the one adopted by Mr. Birch, the rollers being of brass, a material far more durable of 
course, than wood or other elastic substances. This form of roller has further the very important 
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advantage that the even layer of cloth thus obtained in it permits a reduced pressure to be used, 
since all the parts of the layer are evenly affected and do not, as in the above-mentioned squeezer, 
necessitate an over-pressure for the thick central part in order to get some little for the thin sides. 



For thin material, however, Birch’s machine is not adapted, unless two or three pieces can be 
run togetiicr, since there must be at least | inch thickness of niaterial to form a pulpy cushion 
at the bottom of the groove, otherwise the cloth will be cut. Fig. 851 represents this improved 


machine. T is a water trough through which the piece passes as it comes from the final washina- 
passing thence between the two brass roUers RE, the upper one of which simply rests on the 
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This macliine as described was not found practically adapted to squeezing two pieces at the 
same time, without fear of tearing the cloth, owing to the tension of the two pieces being different, 
from their overlying each other in the groove. In the newest machines but recently introduced, 
this ditSculty has been effectually overcome, by substituting for the rollers B E a pair of movable 
brass straining-bars, which can be fixed at any angle, and by adding a swinging guide- rail, round 
which the pieces pass before going over the straining-bars. With this arrangement, the tension of 
two pieces passing between the grooved squeezing-rollers at the same time is better regulated, 
and risk of damage is avoided. 

The squeezed pieces are guided right away from the machine, by means of pot-eyes and small 
wooden rollers, from the bleach-house to the white drying-room, there to be opened and dried. 
The average time required for cotton bleaching is four to five days; the output of bleached cloth, 
using two pairs of Barlow’s kiers, with regular work, boiling during the night and filling the kiers 
in the daytime, would be about 120,000 lb. cloth for five and a half days. 

Opening and Drying.— By the old method, “opening” was effected by leading the squeezed 
pieces into large wooden vats standing on turn-tables on the ground floor ; when full, an end of the 
piece was led up through the floor to the top of the dryiug-room above, where the piece passed over 
a large drum-roller, down to the drying-machine. Immediately before this drum-roller, a young girl 
or boy opened out by hand the twi=ts of the long length of piece hanging down to the vats on the 
turn-tables, which required to be turned occasionally one way or the other to take out the twist as 
it increased. Just before the opened-out piece passed on to the cylinders of the drying machine, 
another young person was placed to take hold of each selvage of the piece with finger and tijumb, 
and stretch it as much as was necessary to ensure the complete removal of every crease and fold, the 
piece then passing in a state of tension over the grooved scrimp rails and the revolving breadthener 
placed immediately before the first drying cylinder. 

Fig. 352 represents Wm. Birch’s scutcher and opener, which performs this work far more efli- 
oiently and cheaply, at the same time abolishing an unhealthy occupation for young people, who 
were perched close to the ceiling, where heat and vapour collect most. In order to convey an opinion 
of the quality of the work, it need only be mentioned that the machine operates by friction, which 
is uniformly distributed across the middle and over the whole length of the piece, thus giving 
it a uniform appearance; while hand labour, being only applied intermittently and to a com- 
paratively small number of spots, was always liable to pull the piece more or less awry. As 
the piece comes from the squeezer, it is considerably twisted, like the strands of a rope, as 
shown at A ; it then passes at B between the two double-armed scutchers or beaters geared 
together by the wheels C 0, and driven by a belt at the other end,- so that they revolve in the 
opposite direction to the cloth at the rate of about 300 revolutions per minute ; these give a violent 
shaking to the twisted cloth and beat back the twist freely. The entire success of these beaters 
depends on the fact that, in a long length of pieces, there is about an equal number of right and 

353 . 



left handed twists; before passing through the beaters, the strand of cloth must hang horizontally 
and freely for about 30 ft. From the beaters, the cloth runs over the spiral or scroll roller D. 
This is a wooden roller with copper sheeting fixed into it edgeways and spirflly, so that a point on 
the thread of the screw travels outwards at about the same velocity as the piece which, passino- over 
a guide, not seen in the figure, then goes over the roUer E and behind the roller F. As shown 




BLEACHING. 


at Gr, the cloth is already pretty well opened out; it 
then passes to the opener or spreader placed below, 
and immediately adjoining the drying machine. The 
opener consists of four endless chains provided with 
projections; two work against the piece in front and 
two at the back, and, as one is placed slightly above 
the other, the fabric cannot be damaged by the close 
interlacing of their projections. These endless chains 
H H move, at the side next the passing cloth, from 
the centre of the fabric outwards, as indicated by the 
arrows, and exactly imitate the drawing out ot the same 
with finger and thumb. Immediately on leaving the 
chains, the piece passes between the three corrugated 
friction-bars of the regulator I, which ensures that the 
calico shall run in the central line of the machine. 

Of these three bars, the middle one, appearing in front 
of the cloth in the figure, can be adjusted to produce 
any required tension of the cloth, by screwing it more 
or less between the other two bars ; the latter are sup- 
ported behind by a pivot at the centre, so that all three 
bars together can swing like the arms of a balance. 

As long as the passing cloth continues central with the 
machine, no change takes place ; but directly it com- 
mences to swerve on either side, the regulator is called 
into action. This regulator is connected by levers with 
the framework carrying the endless chains. The mo- 
ment the centre of the fabric moves in the slightest 
degree to right or left of the central pivot of the cor- 
rugated friction-bars, these swerve from their normal 
horizontal position, and, through the connecting levers, 
cause the pair of endless chains on the same side of g 
the central line of the fabric to recede from each other; 
thus the friction on that side is reduced, while the pair 
of chains on the opposite side are caused to approach 
each other and grip the cloth tighter, the latter being 
thus drawn to the centre again. The corrugated surface 
of the regulator retains the absolute straightness of the 
cloth imparted to it by the chains ; the cloth then passes 
over the corrugated scrimp rails at K on to the drying 
cylinders L. The guide referred to above, as being 
between the rollers D and E, is very similar to the 
regulator I, the only differeuce being that the two 
outside friction bars are replaced by spirally corrugated 
revolving rollers. The manner of suspension by a cen- 
tral pivot is the same, and the whole thus forms a 
perfectly independent swinging balanced frame sup- 
porting two rollers and a bar. If the piece swerves to 
either side, this guide of itself instantly brings it back 
to the centre. In the figure, the piece is represented as 
passing from the opener to the scrimp rails K, and at 
once on to the drying cylinders; in practice, however, 
a revolving breadthener is placed before the first dry- 
ing cylinder, by means of which the cloth receives a 
last expansion; there being only a few inches between 
the breadthener and the drying cylinder, it is not drawn 
into the slightest crease by the tension. 

Fig. 353 shows this breadthener or expander as im- 
proved by Messrs. Duncan Stewart and Co. It consists 
of a brass roller made up of segments A B, D E, half 
the surfaces of which araBplain, as at B and E, and half 
obliquely corrugated, as at D and A. These segments 
are fastened by screws, joints, &c., to the two rings C C, 
which are set on the shaft F obliquely, so that they 
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diverge in the direction of the moving cloth. The whole revolves by the friction of the passing 
piece, and, at the same time, each corrugated segment moves and stretches the cloth from centre to 
selvage. 

Fig. 354 represents the drying machine in general use. It consists of a series of nineteen to 
twen^-three hollow cylinders, about 2 ft. in diameter, made of tin or copper sheeting, generally 
driven by bevelled gearing, and properly strengthened by ring-stays in the interior. The axes are 
hollow, the steam entering by the one, the condensed water escaping by the other. The ariange- 
ment for effecting this latter should be of the most perfect kind, especially in the few front 
cylinders where the condensation of water is greatest. Fig. 355 represents a most effective yet 
simple arrangement as devised by H. Adam, of Bonhill. As the cylinder revolves, the condensed 



water is scooped up by the funnel A ; it at once enters the triangular tube at B, and moves along to 
the other end C; here it enters the tube D, and is thus conducted into the conical reservoir B, 
whence its makes it exit by the hollow axis F. The whole of this interior arrangement is made 
of tin plate soldered together. The cylinders themselves are best made of copper, since experience 
proves that they dry considerably quicker than tin ones, owing to the difference in the heat- 
conducting power of the two metals. 

In starting the drying machine, it is wry necessary to allow the cylinders to revolve for some 
time before turning on the steam; it is well also, when the day’s work is ended, to allow them 
to revolve for some short time after the steam is turned off, in order to discharge the condensed 
water lying in the cylinders, otherwise the latter are very apt to collapse through the formation of 
a vacuum, caused by the steam being suddenly condensed by the cold water present. Both ends 
of each cylinder are provided with spring air-valves, opening inwardly, to avoid this as much as 
possible : but they must never be entirely relied upon, even when in perfect order. Another im- 
portant matter, which it is well to note in connection with the drying cylinders, is that they 
should on no account be fed with exhaust steam from the engine, because the fatty matter used 
in lubricating the engine cylinder finds its way with the ste.ira into the drying cylinders, and, being 
decomposed by the action of the heat and steam, produces fatty acids which act energetically and 
corrosively on the internal arrangements : if the cylinders are of tin plate, they will be themselves 
r.ipidly destroyed. 

As the pieces leave the drying cylinders, they are plaited down by the folders. It will be seen 
from the above description, that from the final washing to the opened-out dried state, the pieces are 
never touched by hand. 

Turkey-red .BfeocA.— When goods are to be dyed Turkey red, it is not necessary to give them a 
full madder bleach, because the die is plain, and no white requires to be preserved. The following 
is a summary of the operations : — 

40 curt. Cloth. Low-press Kier. 8 Ih. pressure. 

1. Wash (no singeing previously). 

2. Bod in water 2 hours, and wash. 

3. Ley boils ; 1st. 20 gallons caustic soda at 70° Tw., 10 hours boil, and wash. 

2nd. 15 „ „ „ „ 

4. Sour : sulphuric acid at 2° Tw., steep 2 hours. , 

5. Wash well, and dry. 

The machinery is the same as that already described ; for the souring, large stone cisterns are 
used ; into these, when filled with pieces, the acid liquor is pumped till the latter are submerged. 
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Market Bleaching. — “ Market bleaching ” refers to goods which are bleached, and sold as finished 
white goods in the market. For these, it is only necessary that the white should please the eye. 
For heavy cloths, cambrics, shirtings, &c., the processes and machinery may be exactly the same 
as for the madder-bleach, though the use of resin soap is not necessary, and only soda ash or 
caustic soda may be employed for the ley boils. Subjoined is a sketch of two processes in use at 
the present time, each for 12,000 lb. cloth, and employing low-press kiers. 

IlTiglish Process. 

1. Lime into kier. 

2. Lime boil; 720 lb. lime, boil 12 hours, and wash. 

3. Lime sour : hydrochloric acid 2° Tw., steep 2 to 4 hours, wash. 

4. First soda boil : 120 lb. caustic soda (solid), boil 12 hours, wash. 

5. Chemick : bleaching powder solution 1° Tw., steep 2 to 4 hours, wash. 

6. Second soda boil or “ white boil” : 120 lb. soda ash, boil 12 hours, wash. 

7. White sour: sulphuric acid 2° Tw., steep 2 to 4 hours, wash. 

8. Blue, squeeze, and dry. 

Scotch Process. 

1. Wash. 

2. Lime boil : 600 lb. lime, boil 10 hours, wash. 

3. Lime sour : hydrochloric acid 2° Tw., steep 4 hours, wash. 

4. Ley boil: 500 lb. soda ash, 40 lb. soft soap, boil 10 hours, wash. 

5. Chemick : bleaching powder solution 1° Tw., steep 4 to 10 hours, wash. 

6. White sour: sulphuric acid 2° Tw., steep 2 hours. 

7. Wash, blue, squeeze, and dry. 

This last process is for goods which weigh about 8 to 9 Ib. per 70 yds. ; when the cloth is heavier 
two ley boils are given, washing between. For muslins weighing about 5 lb. per 70 yds., 400 lb. 
lime and 400 lb. soda ash are used instead of the quantities given. 

Sometimes it happens that the goods contain coloured threads, either at the piece ends, 

“ headings,” along the borders, or even throughout the piece, and which must he preserved. In 
such cases, slight modifications are made in the process ; these can only be learnt by experience. 
If indigo blue or maddcr-lilac threads are present, the lime boil is omitted, and soda ash is used 
instead. If chrome-orange threads are present, the souring must be omitted. Green ornaments 
containing prussian blue require very careful treatment, and to be gently boiled for a short time 
with weak solutions of soft soap alone, followed by washing and chemicking. 

For very light fabrics, such as book muslins, lappets, harness and Nottingham lace curtains, 
&c., the so-called continuous process or chain bleaching is not used, owing to the delicate texture 
of the materials. In the finest muslins, too, the warp threads are in pairs, owing to two threads 
having been passed through one division of the reed in weaving, and the grey muslin has conse- 
quently a somewhat stripy appearance. The chain bleaching process would not so readily separate 
the double threads of the warp, since the pieces, during the washing, &c., are always in a state of 
tension. Probably, however, the slack washing machines, to whicli reference will be made in 
speaking of linen bleaching, may be worth trying for fine muslin bleaching; in this case, the 
more rapid chain bleaching would, of course, be employed throughout. 

Each piece of the above-mentioned fine materials is made up into a loose bundle and thrown 
into the kier (generally low-press), along with lime water or soda ash solution, as the case 
may be, for the boilings. The washing is performed in “ dash-wheels.” Fig. 356 represents one of 
these. It consists of a stoutly-made hollow wooden drum A, divided into four compartments, each 
quadrant provided with a hole B for putting in and taking out the pieces. Jets of water are 
admitted through openings C on both sides, and the dirty water runs off by small holes D in the 
periphery. E is the water main to supply the pipe F, which conducts the water through the 
openings C. The machine is so constructed that the water is turned on or off by the same leverage 
which throws the wheel into or out of gear. One or two bundles of cloth are put into each com- 
partment, and, as the wheel revolves, are tossed from side to side. The dash-wheel is about 
6 to 7 ft. in diameter, and about 30 in. wide. The speed should not be too slow, or the pieces 
will slide down the sides of the compartments ; but if too quick, the centrifugal force will hold 
them stationary. This washing is one of the very best, and is very gentle ; it has only been super- 
seded by those described, wherever possible, on account of its slow and intermittent character. 

• For chemicking and souring, the stone tanks with false bottoms and drainers, as described above, 
are employed. 

Instead of the sqilSezers, the “hydro-extractor” is used. Fig. 357 represents the best description, 
as constructed by Messrs. Duncan Stewart and Co., Glasgow. It consists of a drum or cage made • 
of close galvanized wirework, or of perforated copper sheeting, so supported by a spindle below that 
the whole can be made to spin like a top, but will stand upright when at rest. It is driven by 
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friction from below, and can be made to revolve at the rate of about 1500 revolutions per minute, 
with a perfectly regular and smooth movement. The whole is protected by a strong cast-iron case. 
The wet bundles of goods are placed in the cage, as evenly and equally as possible, so as to 


356. 



balance it ; when it is made to revolve, the water is expressed by tbe powerful centrifugal force 
through the perforations and into the outer case D, whence it escapes by the pipe P. When 
taken out after a few minutes, the goods have lost all excess of water, and the treatment is so 
gentle, that the most delicate fabric is not injured. 


35 T. 



With respect to the method of bleaching such fine goods, it is very similar to those iriven 
the amount of lime, soda, &c., being reduced to suit the texture of the materials. The f 11 ’ <r’ 

process for 1000 lb. cloth may be taken as a type, using low-press kiers : ' " owing 

1. Wash, boil in water 3 hours, and wash. 

2. First soda boil : 70 lb. soda ash, 20 lb. soft soap, boil 6 hours and wash. 

3. Second soda boil : 50 lb. soda ash, 20 lb. soft soap, boil 3 hours, and wash. 

4. Chemick : bleaching powder solution Tw., steep 2 hours, wash 

5. Sour ; hydrochloric acid 1° Tw., steep 2 hours, wash. 

6. Thud soda boil : 30 lb. soda ash, 20 lb. soft soap, boil J hour wash. 

7. Chemick, as before. 

8. Sour, as before, and wash well. 


With the market bleachers a m^ particular part of their work, as important as the bleaching 
fiself, consists m “ finishing the goods to suit the tastes of the various merchants and markets an! 
in imparting a fine appearance to the fabric. This embraces starching, d*nping, calendering 

SS’ rSed.°’ " 

Starching.-For the thicker fabrics, cambrics, &c., the so^ialled “starching mangle” is used 



BLEACHING. 


497 


in this process. It is very similar to the older kind of “ squeezer,” and consists of a pair of heavy 
rollers, one of compressed cotton yam and the other of brass, the lower one dipping into a decoc- 
tion of starch contained in a wooden trough below. The cloth is drawn at its full width between 
the rollers, acquiring an excess of starch, which is at once expressed ; it is then generally run 
directly over the drying cylinders, and folded. There are other machines, so adapted that the 
starch is only put upon the wrong side of the cloth. This method is used when the cloth is of low 
quality ; the starch is mixed with a large percentage of “ filling ” (china clay, &c.) for the pur- 
pose of filling up the pores, and giving weight and false solidity of appearance to the fabric. 
One arrangement by which this is effected consists of a coarsely pin-engraved copper roller, on to 
which the passing cloth is depressed. The copper roller revolves in a direction contrary to that of 
the cloth, and is coated with the starch mixture by a furnisher or wooden roller revolving in 
contact with it, or by dipping into the starch itself. The excess of starch on the copper roller is 
scraped off by a steel blade before it touches the cloth, so that the starch remains only in the 
engraved parts. In this manner, the starch is, as it were, printed, on to the back of the cloth. 
Another method is to depress the cloth on to a pair of rollers revolving in the starch mixture ; 
the cloth is plastered with an excess of starch, which is then spread and partly scraped off, 
by passing the cloth over a steel blade. The two rollers can be adjusted at any distance from 
each other, so as to regulate the quantity of starch passing between them and coating their upper 
surfaces. Figs. 358 and 359 represent these two methods ; B K are the depressing rollers, A A the 
starching rollers, E the pin-engraved roller, B B the steel blades, S S the starch boxes. 

353 . 359 . 



When the starching is done on one side only, it is usual to have the first few upper drying 
cylinders replaced by reels, and so to thread the cloth that only the unstarched side of the piece 
touches the drying cylinders, till the middle of the machine is approached, when the cloth is partly 
dried. This prevents the starch from sticking to the cylinders, and coming off again in lumps on to 
the pieces, thus spoiling their appearance. The same or a similar arrangement is used when the 
cloth has a raised woven pattern, e. g. brilliants, brocades, &c. ; in this case the figured side of 
the cloth is not allowed to touch and be flattened against the drying cylinder ; thus the raised 
figure is preserved. 

The starch itself is a decoction of wheat, rice, sago, or other starches, according to the finish 
required, mixed with a little ultramarine, indigo, or aniline blue, to remove the yellowish hue of the 
white. If necessary, the “filling^ already mentioned is added, also a proportion of soapy and waxy 
matters, which serve to render the goods soft to the feel, or capable of receiving a high lustre in 
the subsequent calendering. 

Damping. — The damping process is required after starching, since experience shows that the cloth 
must contain a certain amount of moisture to subsequently acquire the proper feel and finish. Some- 
times damping is rendered unnecessary, by regulating the speed of the drying machine, and allowing 
the pieces leaving it to contain the necessary amount of moisture ; this is called “ conditioning ’’ 
the pieces. To gain speed, however, the pieces are generally hard dried, and a special “ damping 
machine ” is employed. Fig. 360 represents such a machine. D is a water box, with roller-brush 
E, which dips more #r less into the water ; in the upper part of the box, tliere is a narrow slit 
across which the cloth passes at B, and there catches the fine spray thrown up by the rapidly revolving 
roller-brush. W is a weight attached to the lever L, to depress the loose roller E, on which the 
damped cloth is beamed against the driven roller C. The amount of moisture imparted to the cloth 
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is determined by regulating the height of the water in the box. The pieces are allowed to rem^ 
on the beams for some time, in order to equalize the damping. There are other forms of damping 

360 . 



maehines, e. g. where the injector principle is applied as a spray producer ; but the one described 
is the most general. According to the finish required, the goods, after damping, are either 
“ calendered ” or “ beetled for a soft finish, this is done even without previous starching. 

361 . 
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both combined. Figs. 361 and 362 represent a six-bowled calender of the best description, as made 
by Messrs. Duncan Stewart and Co. A A* A® are bowls, made of highly-compressed paper sheets 
manufactured from linen rags. They are exceedingly hard and elastic, and not at all liable to 

362 . 



crack or warp under the immense pressure to which they are subjected. B B’ are hollow iron 
cylinders, which can be heated by hot bolts, steam, or gas ; F is a fan, to supply the air necessary 
for combustion when gas is used. D D are driving and friction pulleys, driven by a straight and a 
crossed belt respectively, from overhead shafting, and having reversible action ; they are connected 
with the three lowest bowls by gearing, which is so arranged that the roller B' may be made to 
revolve with a surface speed about a quarter greater than that of the rollers A® and C, which 
revolve at the same speed. E B are screws, for relieving at once the pressure of all the cylinders 
on each other, when the machine is standing. G G are levers, in action when all the six bowls are 
in use ; H H are levers, employed when only the three lowest bowls are required. For common 
calendering, or “ swissing,” as it is termed, the gearing wheel I is withdrawn, and the whole six 
bowls revolve with an equal surface speed, no friction against the piece taking place. The hollow 
iron cylinders may be heated or not, according to the finish required ; and the fabric is smoothed 
by simple pressure, or by pressiue and heat combined. The dotted line in the figure shows the 
direction of the piece for “swissing." To give the pieces the highest degree of lustre, i. e. for 
“ glazing,” only the three lower bowls are used, with the wheel I in gear, the upper bowls being 
slightly raised, and the hollow cylinder B' heated. The plain line in the figure gives the direction 
of the piece for “ glazing,” during which process the machine performs, in an intensely exaggerated 
degree, the effect of the “ ironing ” of the laundry-maid. 

Beetling. — The “ Beetling machine,” Fig. 363, gives to the cloth a finish entirely different from 
that imparted by the calender. It consists of a row of heavy beams of hard wood A, about 5 in. 
square and 6 ft. long, provided with notches or projections, by means of which they are raised by 
cams or projections C on the revolving roller B, and are then allowed to fall with their own weight 
on a roller D or table below, on which the cloth is placed, several folds in thickness. By this 
repeated hammering»the cloth, which, if on a flat table, is constantly moved about by hand, if on 
a roller, by the revolving and lateral movement of the latter, becomes extended both in breadth 
and length ; it acquires a certain lustre, and a thick and leathery feel. By the pressure of the 
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threads of one layer of cloth on those of the other, a watered effect, similar to that of moire antique, 
is produced. The weft and warp threads are not flattened so smoothly as with the calender ; the 

363 . 
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the piece backwards and forwards on to straight or only slightly cnrved steel hooks fixed on a wooden 
frame, or against a wall. One of the hooks was moveable, so that it could be fixed to suit any 
length of fold. 

366 . 



Pigs. 367 and 368 represent the modem folding machine of Messrs. Hacking, Bury, in general 
use. Fig. 367 shows a perfect machine, with all the working parts. The motion is imparted to 
the machine by means of pulleys fixed on the first motion shaft A ; thence it is communicated 
to the crank shaft by the spur wheels B. At each end of the crank shaft, are cranks (one of which 
is shown at C), which give an oscillating motion to the side arms D, through the connecting piece E. 
At the top of the side arms D, there are carried knives or folding blades 6 6, which are for the 
purpose of laying the folds alternately under the holding rails g^. The semicircular table P 
is made to press upwards by means of counterpoise weights G against the hol^g rails g^, 
and so securely holds the cloth laid by the folding blades h b. To make the hold on the cloth 
more secure, the holding rails are generally covered with pin-pointed cards or with corragated 
indiarubber. When the piece is folded, the foot lever H_ is depressed ; this causes the table F 
to descend, and relieves the cloth from the holding rails g' j*, so that the folded piece can be 
removed. 

Such is a rough general description of the ordinary movements of this machine. The whole is, 
however, so complicated and ingenious that a reference to some of the special movements is 
necessary. The swivelling arm a, which determines the swivel of the knives or plaiter b, is worked 
by a cam c, placed upon the crank-shaft d, thus commimicating (by means of levers e and /) the 
necessary amount of swivel to the knives without any alteration, at whatever length of plait the 
machine may be required to work. The altering of the position of the card-rails is effected as 
follows The card-rail brackets g' g^ are extended, by means of the levers A* A^, to the rocker shaft i. 
In the levers A' A^, are made the slots A* A% in which work the studs I' P ; these, being actuated by 
the right and left hand worm-shaft m, cause the levers A‘ A“, bearing the card-rail brackets, to 
approach or recede from one another, as the handle «, upon the end of the worm-shaft m is turned 
round, either from left to right or vice versa. This motion is communicated by means of the bevel 
wheels o to the opposite side of the machine, so that by turning the handle n the card rails are set 
parallel at any required distance, with the greatest ease. The top of the ffeming is marked in 
half inches, and a finger is attached to the card-rail bracket, so that the handle n must be turned 
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round until the finger points at the required figure ; the cards are then in a position to work. 
The regulation of the crank, to give the required sweep to the knives, is rendered very simple. 
On the square-ended shaft d, is placed a box key or handle, which, in being turned round, draws 

36?. 



the crank arm towards or farther from its centre, by means of the bevel wheels p and the screw g ; 
this motion is communicated also by the shaft d to the opposite side of the machine, so that by 
turning the handle on the end of the shaft d, the crank, which is also marked in half inches, is 

36S. 



rapidly brought to tjje required point. Fig. 368 represents only such parts as are necessary to 
illustrate the special movement, to which reference will now be made. The object is to draw down 
the table F on which the cloth is being folded, at each aide alternately, just as the folding knife h 
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enters under the holding rails g' 
or g^, and to let the table rise and 
secure the cloth immediately after 
the knife passes out. The knife 
thus passes under each folding rail 
without friction or wear, and the 
folded cloth is not pulled, rubbed, 
nor scratched. This is effected by 
means of the chains r and r', which 
are connected with the table, and 
are alternately drawn down by 
the cam and howl y and x fixed on 
the crank shaft A, which, as they 
revolve, work against the curves 
t and t', and force them in opposite 
directions. The curves being con- 
nected with the chains by the rods 
s and s', cause the table to be de- 
pressed. The folded pieces are 
next re-folded into three by hand, 
pressed, and stamped ready for 
packing. 

Muslin Finishing. — With the 
finest book muolins, the starching 
is still done by hand. Each single 
piece is dipped into the decoction of 
starch and blue, and well kneaded 
on a table. The starched piece is 
now taken to a moderately heated 
room and “ aired.” Two girls open 
out the piece, and, holding each 
end, sway it to and fro for a short 
time to dry it partly; it is then 
crumpled up again, pressed well 
together in the hands, and re- 
opened out, and the process is 
repeated till the starch is deemed 
to he sutBciently well worked into 
the fibres. The piece is now taken 
to two other girls in a cooler place, 
who, after opening it out, pass it 
lengthwise between them, holding 
each selvage, and, by a short rapid 
zigzag motion given to it every 
half-yard or so, straighten the weft 
and warp threads, so that they 
stand at right angles to each other. 
The piece is now taken to be 
stretched and dried on the stenter 
frames. rigs.369and370represent 
respectively the receiving and the 
delivering end of one of the most 
improved of these machines, as 
made by the patentees, Messrs, 
Duncan Stewart and Co. It is 
known as the “ continuous clip 
stentering machine ” ; and consists 
of two somewhat parallel lines of 
framing, which guide the onward 
movement of two endless chains 
C C, made up of small brass clips 
which hold the selvages of the 
fabric. The cloth is introduced at 
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the end H of the machine, by two girls, each holding a selvage ; here the clips open and close 
automatically, gripping the selvages very tightly. At this point, the machine is constructed so 
as to admit of the cloth being easily inserted ; further on, however, the two lines of framing are 
fixed by means of screws at a greater distance from each other, and the cloth becomes stretched 
to the requisite breadth, at the same time moving along continuously, and is delivered dried and 
finished at the other end D ; F is the cloth passing away to the folders ; G is the engine for driving 
the whole machine. 

In this manner, a “ stiff finish ” is given, the cloth feeling rigid and inelastic. The so-called 
“ elastic finish,” a special feature in certain varieties of muslin, is imparted to the pieces by the same 
machine, by moving the lines of selvage backward and forward during the drying and stretching 
on tlie stenter frame. This is effected by a crank motion imparted to the whole machine at E, which 
causes the weft and warp threads of the fabric to rub against each other till dry, thus preventing 
them from becoming united. Dried in this manner, the goods possess a characteristic and remark- 
able elasticity. The drying portion of the machine consists of rows of steam pipes situated imme- 
diately below the piece ; or, as is very usual, a blast of heated air is driven against the piece from 
below, and fanners are placed above, at certain distances from each other. For this muslin-finish, 
fine wheat starch, boiled with water containing a small proportion of alum in solution, and a suitable 
quantity of smalts blue, is used ; ultramarine is inadmissible, owing to its being destroyed by the 
acidity of the starch. 

Nottingham lace, harness curtains, and similar materials, are starched by spreading them out 
on large tables covered with blanket and canvas, on which a thin layer of boiled starch and 
blue has been previously spread by means of brushes. When the fabric is extended on the table 
thus prepared, it is brushed over in order to press in the starch, which thus coats only one side, 
leaving the figured thicker portion to stand out clear and white from the more open groundwork, 
which is blueish. 

Yarn and Thread Bleaching. — ^In the form of yam and thread, cotton is free from size, grease, &c., 
and the process is consequently less severe than for cloth. The lime boil is entirely dispensed with, 
and there are slight modifications in the machinery employed. The yam chains are “ warps,” used 
for weaving winceys, shirtings, ginghams, &c. As they come to the bleacher, they vary in length 
from 50 to 15,000 yds., but are usually plaited five-fold in a loose manner ; the bleacher plaits 
them five-fold again, so that the chain is reduced considerably from its real length, and is thereby 
rendered more manageable. This plaiting is done very loosely and rapidly by hand, though there 
are machines which plait three-fold. If the yam is in hanks, these are linked together in a simple 
manner, to form a long chain, though they are still, in many bleach-houses, handled as separate 
hanks throughout the process. If the yam is in the form of “ cops,” ready for the weaver’s shuttle, 
these are packed as carefully and tightly as possible into pure hempen bags, containing 16 to 201b. 
each, and are sewn up. 

The following is a sketch of the bleaching process, as used for 3000 lb. of cotton yam, em- 
ploying open low-press kiers : — 

1. Ley boil : 60 galls, caustic soda, at 32” Tw., 400 galls, water, boil 6 hours and sweeten | hour. 

2. Wash through washing machine. 

3. Chemick : bleaching powder solution, 2” Tw., 2 hours under sieve, wash J hour under sieve. 

4. Sour : sulphuric acid, 1° Tw., ^ hour tmder sieve, wash i hour under sieve. 

5. Wash through washing machine. 

6. Bun through dumping machine, with hot soap liquor and blue. 

7. Hydro-extract and dry. 

Cotton thread is treated in the same way ; but, on account of its closer and finer texture, the first 
five operations are repeated before passing to the sixth, using for a second ley boil about 8 galls, 
caustic soda at 32° Tw., or 30 lb. soda ash. 

The chemicking, souring, and washing are performed in stone tanks having false bottoms and 
perforated drainers or sieves above, the liquors being made to circulate from a well below, by means 
of pumps. Fig. 371 shows this arrangement. E is the cistern with a false bottom F, and a valve 
G communicating with the tank D below ; B is the shaft which drives the pump 0, for raising 
the liquor up to the drainer F' ; A is a winch for drawing tlie pieces into the cistern. The drainer 
may cover the whole surface of the cistern, and can be lifted up with hinges when introducing 
or withdrawing the cloth. For the sours, the drainer is made of wood ; for the chemick, of sheet 
zinc. The washing machine referred to is similar to the one described under “ madder bleach.” 
The drying machine for the chains is also similar to those described, but is fitted up at each end 
with peg rails, to guide the chain spirally while it is moving several times from end to end between 
the drying cylinders. Just before drying, the plaiting is unloosed, so that tlfe chain is dried in 
simple chain form. Hanks and cops are dried in.stovea heated to about 71° (160° F.), the former 
being .suspended on poles, the latter placed on trays made of galvanized wire netting. 
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The “dumping machine ” is rather a speciality in yam and thread bleaching, where the chain 
form is used. It consists of a pair of heavy wooden rollers set over a large water trough. The 
upper roller is covered with close coils of cotton rope, to render it somewhat elastic. This roller 
rests with its own weight on the lower one, so that the knots or lumps produced by the plaiting or 
linking of the chain cause it in passing through to rise and fall with a jumping motion, ttus 
squeezing the soap solution and blue into the very heart of the fibre. This part of the process adds 

sn. 



very considerably to the beauty of the white. When the yam or thread is handled in hank form, 
this treatment with soap solution takes place in the wash stocks. Fig. 372 ; A is the box or 
trough, made of a solid piece of wood, containing the yam or thread at F, and fed with water from 
the pipe H ; B and C are two heavy wooden hammers, working side by side into the same trough. 
They'^re supported by a strong loose iron bolt at D, and are raised alternately and allowed to fall 
again by the cams on the revolving shaft E. G is a table to hold yam ready for entering the 
machine. 

A special washing machine also is required when the yam is in hank form. Fig. 373 gives a 
representation of the ingenious machine devised by Gantert. It consists of an annular or ov£d- 
shaped trough A of any suitable size, in combination with a series of radial horizontal revolving 
arms working above the trough. A roller B is carried on the outer end of each arm which serves 
as its axis, and the several rollers revolve immediately over the trough. The hanks or skeins 0 
to be washed are hung upon the rollers as indicated, and their lower ends dip into the water in 
the trough, in which a partition is fitted. The water enters on one side of this partition, where 
the hanks are taken off, circulates round the trough, and escapes on the other side of it, where 
the hanks are enterSd. By a complicated mechanism, the hanks are moved along, at the same time 
that the rollers B revolve, and cause them to vary their position in the water ; in addition to this, 
the arms, rollers, and hanks have a backward and forward movement. The machine may be 
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made of such dimensions that one circulation will give a sulHcient wash ; the hanks for washing 
are constantly put on to the rollers B by a workman on one side of the water-trough division, 

372 . 



and are as rapidly taken off thoroughly washed by another workman on the other side of the 
division. The whole action imitates, in a striking manner, the washing of a hank as it is done 
by hand. 

373 . 




W oollen Bleaching. — As already mentioned, the bleaching of wool differs entirely from that 
of cotton, since their chemical and physical properties are dissimilar. Strong alkalies dissolve it, 
and bleaching-powder solution decomposes and destroys it, with evolution of nitrogen gas. 
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In general terms, the bleaching of wool consists in “ scouring,” or washing with water, solutions 
of soap, and weak alkalies ; and in bleaching or whitening, by means of sulphurous acid. The use 
of sulphurous acid, and of ammoniacal liquors in the form of “ lant ” or stale urine, is known (from 
drawings on the walls of Pompeii) to hare been practised by the Eomans. 

Wool Washing . — The preliminary step in woollen bleaching consists in removing, by washing, a 
portion of the suint and other adhering impurities. This may take place before shearing, in which 
case the animals are led into a running stream of suitable depth. Three to five men enter the 
brook, and the animals are washed by each successively, finishing with the man standing in the 
upper part of the stream. The loss in this opemtion may vary from 20 to 70 per cent. This 
first washing may also take place after shearing, in which case, the fleece is steeped in cold water, 
and is then washed in wicker baskets or nets in a running stream, or in large tubs. Fine wools 
are afterwards washed in warm water, drained, and spread on the grass or in stoves to dry. 
The drying machines recently introduced by Petrie and Fielden, of Rochdale, may be used with 
advantage. 

Wool Scouring . — When the manufacturer or dyer receives the wool, it is further washed or 
“ scoured ” with the following detergents : for fine long wools, soft soap : for short wools, coarse or 
fine, stale urine, alone or mixed with soda ash, also soda ash alone, silicate of soda, and mixtures 
of alkaline carbonates and soap. When stale urine is used, the loose wool is plunged into a large 
tub, containing about 1 measure of stale urine to three or four measures of water ; after being 
worked about with a stick or stang for five or ten minutes, it is lifted out with a fork on to a drainer 
or scray. When sufficiently drained, the wool is thrown into a cistern provided with a perforated false 
bottom; here it is well washed and worked about in cold water two or three times, the water 
being let off below between the washings. This method requires, of course, an abundant supply 
of water ; by it, one man can scour from 500 lb. to 600 lb. per day. An improvement upon this 
method, used in some places, is to have a perforated sheet-iron box swung on a crane. The per- 
forated box is let down into the scouring tub, and the wool is worked about in it ; it is then raised, 
and allowed to drain, after which the wool is tilted into the washing cistern, to be washed two or 
three times as before. This arrangement requires two men ; but more work can be got through. 
Long-stapled wools are worked about with forks in the scouring liquor. When soap is used, the 
wool is passed between squeezing rollers, before washing off in water. An excellent scour is also 
obtained by using resin soap made with soda ash (see Cotton Bleaching). 

Though the above methods are in general use in small works, they are superseded in large 
establishments by the wool-scouring machines. Fig. 374 shows a “ single four-rake ” machine, made 
by Messrs. J. and W. McNaught, Rochdale. It consists of s large cast-iron trough, fitted up with 
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an ingenious arrangement of forks or rakes. The loose wool is introduced by a boy at one end of 
the trough ; by the movement of the rakes, it is well worked about in the scouring liquor and carried 
gradually forward to the other end of the trough, there to be lifted out of the liquor by a special 
mechanism, passed through a pair of squeezing rollers and thrown off, by a fanner, in a semi-dry 
condition. The wool is then brought back from the delivery to the entering end, and is passed 
through twice or thrice, using either fresh scouring liquor or water, as required. With a complete 
machine of three troughs, ranged in a line, the wool is passed by self-acting machinery from one 
trough to another, and is finished at one operation. If the seouring-house be small, one of the 
troughs may be made angular, to fit into the comer. 

The wool to be secured is placed upon the apron or feeder a, which carries it to the trough ; it 
is then pressed into the liquor by the rotating immerser 5, and passed forward by the reciprocating 
rakes c c ; e is a stationary rake, which the reciprocating rake intersects ; its use is to prevent the 
wool from passing forward too quickly. The stationary rakes are hung on pivots, and are adjustable 
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to "any angle, to suit the various qualities of wool. After having been carried forward by the 
washing rakes, the wool is lifted out by a swing rake at the other end of the trough, and is 
carried on to the second trough, by a very ingenious contrivance, represented in section on a larger 
scale in Fig. 375. A is the swing rake with a double row of prongs, which work close to the end 
of the trough, being of the same curve as that traced by the point of the prongs. The wool is, by 
this means, lifted out of the liquor, and deposited at the bottom of the inclined plane. In order 
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to prevent the wool from being washed back into the trough by the surge of the liquor, a number 
of retaining prongs c, at the bottom of the incline, shoot up from beneath the incline directly the 
wool is landed on it. H is a flat rake or frame, with short prongs projecting below (similar to 
a harrow as used for agricultural purposes) ; this rake is worked by the cams I upon which it 
rests, and by the crank K, and is so actuated that, after the wool has been deposited at the bottom 
of the incline, it drops upon it and drags it up the incline, to the extent of its stroke (about 13 in.) ; 
it theu rises, and returns over the wool, to drop upon it and drag it up again, the retaining pronos 
withdrawing immediately that the rake drops upon the wool. The rake H works stroke for stroke 
with the lifting rake A, and drags up the incline all the wool which is deposited at the bottom. 
The wool, being pushed by the rake over the end of the incline, emerges upon a series of metal 
rollers M, about 3 in. in diameter, all revolving in one direction, which carry it forward to the 


squeezers. These rollers M are so driven that each succeeding roller shall revolve quicker than the 
one before it ; this continual increase of speed effectually prevents any wool from getting down 
between the rollers, distributing it evenly, and enabling it to enter the squeezers in a continuous 
sliver, without losing even the shortest fibres. The squeezing part N is strong, and is fitted with 
escapement motion, to ensure equal surface speed in the two rollers. P is the inlet of the liquor 
expressed by the squeezers, and conveyed back to the trough by a pipe. After passino- the 
squeezing rollers, the wool is cleared from them by the roller Q revolving in the same direction 
with a slightly increased surface speed. The wool falls from this “ clearer roller ” directly into the 
second trough, to be carried forward by the washing rake as before. At the end of the third trouo-h 
a delivery fan, about 2 ft. in diameter, is placed behind the squeezing rollers, and, after passing 
between them, throws off the wool in a semi-dry condition. Each trough is fitted with a perforated 
false bottom, with space underneath to allow the dirt and mud to settle ; Z is a water-pipe for 
swilling the mud away. The bottom of the trough slopes downwards from the delivery to the 
feed end, and a large outlet valve is placed at the lowest point. Between and beneath each two 
troughs, is placed an injector S ; a jet of steam, introduced into the connecting pipe U causes 
the liquor to pass quickly &om one machine to the other ; by this arrangement, all the troughs may 
work together on the same level. The first trough contains a strong scouring liquor- the second 
a weaker one ; and the third may contain running water. Besides the one described there are 
other good machines by Petrie and Leech, each possessing special features. The loss in this 
scouring may range from 35 to 45 per cent. The temperature of the scouring liquor is about 54'° 
(130° F.). The active principle in stale urine is the carbonate of ammonia, p5 oduced by ferment! 
tion; this forms an emulsion with the fatty matters. When carbonate of soda is used the streiK^th 
of the solution should be about i lb. to J lb. soda, per 10 galls, water. For fine wool, Man and s!da 
IS sometimes used. It is seldom that loose wool is sulphured. ^ 




BLEACHING. 


511 


Tarn Scouring. — When wool has been spun, it comes to the manufiicturer or dyer in the form of 
hanks, and contains in this state about 10 to 15 per cent, of rape, olive, or other oils, or oleic acid, 
which have been added to facilitate the operations of spinning. The detergent used is generally 
carbonate of soda, or a mixture of soap and soda, or of soap and ammonia, the latter for better class 
wools. Before scouring, it is usual with some kinds of wool, in order to prevent the felting of the 
yam, to steep it in hot water for about five minutes, and then to leave it to cool. The scouring is 
done in large wooden boxes, heated by a perforated steam pipe. The hanks of yam are hung on 
sticks placed across the box ; they are worked to and fro, and frequently turned over by two men 
standing on each side, for ten to fifteen minutes, then lifted, drained, transferred to a second box to 
be worked in a s imil ar manner, and finally washed in cold water. The temperature of the scouring 
bath is about 60° to 66° (140° to 150° F.). In some establishments, the scouring of hank yam is 
also done by a machine very similar to the cotton yarn washing machine. Fig. 373, p. 508. By 
another method, the hanks are worked about by hand in scouring liquor standing in a small 
box or tub, and are carefully placed on a travelling endless band, which leads them through a pair 
of squeezing rollers, and drops them into a box behind. The process is repeated, and a wash in 
cold water finishes the operation. A good and rapid method of scouring woollen yam is by means 
of the machine represented in Fig. 376, which is extensively used in the Paisley dye-works. A 
great advantage gained by employing this machine is that the scoured and dyed yam becomes less 
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tangled, and will wind very much better, than when scoured by hand. It consists of two iron 
squeezing rollers A and B, both covered about 1 in. thick with some soft, durable material, e. g. 
silk noUs, in order to make them elastic. These rollers are set over the delivery end of the wooden 
trough C, which is about 8 ft. long and 2 ft. wide, and is fitted up internally with wooden rollers 
above and below. The hanks of yam are previously linked together, end to end, by means of a 
small knotted and twisted loop of cotton cord, the knot being buttoned, as it were, in the end of 
the twisted loop. The hanks thus form one continuous chain, and the whole operation of linking 
is rapidly performed by a boy. The knot is always left between the hanks, to prevent its cutting 
the yam, on passing through the squeezing rollers. By this method, one man and eight boys can 
scour 3000 lb. yam a day, using two machines, one for the rough, and the other for the finishing 
scour. By placing three machines in a row, and feeding the last one with a continuous supply of 
clean water, the scouring may be performed at one operation, and with fewer attendants. The 
advantage of this is obvious. 

Farn Sulphuring . — Yam to be dyed in dark shades needs no further bleaching ; but when certain 
delicate and light shades are to be subsequently dyed, or if the yam is required white for weaving 
purposes, the damp scoured yam is hung on poles, and exposed in a sulphur stove to the action of 
sulphiuous acid gas. Finished white yam is blued in the last washing with a little neutral 
indigo extract, or with a mixture of aniline blue and aniline violet, before sulphuring. The 
common dimensions of a sulphur stove for this purpose are : — Height of the walls without roof 12 ft., 
breadth 12 ft., length 27 ft. It is built of brick, with a tiled floor, and is provided with a closed 
window at each end, and with a door, made simply but well. In the interior, there is at each 
comer a furnace whereon to burn the sulphur, and opposite each furnace is an iron door opening 
outwards. Two of the furnaces have a small chimney 6 ft. to 8 ft. high, to facilitate the rising of the 
vapours to the uppqj parts of the stove ; the other two have none. The yarn is hung on poles, 
resting on a wooden framework ; the entrance door and a trap-door under the ventilator are then 
closed, the necessary quantity of sulphur is placed in little cast-iron pots, lighted, and put in by the 
iron doors, and all is closed up. As the oxygen in the air of the chamber becomes exhausted, the 
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burning sulphur is extinguished. The yam is left in from six to eight hours or overniglit ; then 
all the doors are thrown open, and, as soon as the place is well ventilated, the yarn is taken out 
and hung in the open air, to allow the absorbed fumes to escape. The amount of sulphur burnt is 
about 6 Ib. to 8 lb. sulphur to 100 lb. yam. After sulphuring, the yarn is well washed in cold 
water, and dried. 

Cloth Scouring . — In general, this is very similar to yarn scouring ; but, of course, the machinery 
is ditferent, and there are slight variations in the time occupied and in the quantities of stuff used, 
according to the ditferent qualities of the material. Eig. 377 represents one of the machines used. 
Four such machines, called crabbing machines, are usually placed one behind another. Each 
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consists of two bowls, the upper one A of iron, the lower one B of wood, working in a wooden box 
or trough C, of the following dimensions: — breadth above, 28 in.; ditto below, 21 in.; depth, 
IG in.; length, 45 in. At the bottom of this box, there are a few wooden rollers, under and over 
which the cloth has to pass, as well as a steam pipe, for heating the scouring liquor. The bowls 
are arranged to be driven in either direction, in order to roll or unroll the cloth on either bowl. 
The beamed pieces for scouring rest on the bracket D, and, after passing through the liquor, they 
are re-beamed on the loose beaming roller which rests on the inclined supports at E, and against 
the roller A. The pieces are singed by plate or by gas, before scouring ; they are beamed on 
rollers, about fifteen pieces of 36 yds. on a roller. 

The following is the process for bleaching muslin-de-laine with cotton warp ; it consists of three 
passages through soap and soda liquors, sulphuring, mangling, and drying on steam cylinders or in 
the drying shed. The cotton warp threads will have been bleached before weaving, so that the 
present bleaching has reference only to the woollen weft. The first machine is set, when com- 
mencing, with 2 lb. soap, and 6 lb. soda ; but generally it is set with the old soda liquor from the 
third macliiue, sometimes with half of this old soda liquor and half of the soap liquor from the 
second machine. The pieces run through at a temperature of 60° (140° F.). Three sets of fifteen 
pieces each are scoured before letting off the liquor. The pieces are beamed on the top bowl, and 
the beam is transferred to the next machine. 

The second machine is set for the first fifteen pieces with 1 lb. soap and 3 lb. soda. The pieces 
from the first machine are run into this second liquor at 71° (160° F.), and are beamed on the 
loose roller. To the two following sets, 1| lb. soap is added. 

The third machine is set with 2 lb. soap for two sets of fifteen pieces each. Tenaperature, 71° 
(160° F.). The beamed pieces are then taken to the sulphuring stove. 

The point aimed at in the above process is the complete exhaustion of the scouring effect of the 
liquors. At the same time, the cloth on leaving the third machine should be fully scoured, and without 
a trace of grease ; the operation may be considered well performed when a trace of soap remains in the 
cloth at this stage. It may also be remarked that the greatest care should be taken to prevent the 
pieces from crimping or creasing, as these defects cannot be removed, owing tg the fibres becoming 
broken. The pieces are rapidly stitched together, by means of thin iron wire. The second and 
third machine have a small roller in front, to diminish the tension of the cloth, and hinder its run- 
ning up in breadth. 
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Clvtk Sulphuring . — The cooled pieces are run throngh Thom’s sulphuring stove, Fig. 378. This 
stove consists of a chamber about 6 ft. long, by 5f ft. wide, built with a double brick wall, and 
roofed with sheet lead; heiglit of walls, 5 ft. ; elevation of lead roof, 15 in. Eight under the roof, 
and fastened to it, is a serpentine steam pipe | in. diameter, which heats the top and inside of the 
chamber, thus preventing condensation or the formation of drops. The sulphur is burnt outside 



the chamber, in a small furnace adjoining one of the side walls of the stove. Through an aperture 
in this wall, the sulphur fumes enter a smalt canal (inside the stove), which is covered with 
perforated tiles, so that the fumes may be equally diffused in the stove. On the top and just in the 
middle of the lead roof, is a 1-inch lead pipe connected with the chimney of the works, for regu- 
lating the draught necessary for the combustion of the sulphur, and for leading its fnmes into the 
stove. A wooden frame, with rollers at top and bottom, is fixed in the stove ; the pieces, in open 
width, are run in over these rollers and led out on the opposite side, the stove being completely filled 
with sulphurous aciil gas. It is preferable to lead them back over rollers, so that they may come out 
at the same slit by which tliey entered, and be beamed at once. The space between the two walls 
in front is connected with the chimney, and serves to lead away the gas carried out by the 
pieces. 

After beaming, the pieces are run through again. Twenty-four muslin-de-laine pieces of 3G yds. 
each can be run twice through this machine in one hour. The quantity of sulphur nsed is nearly 
the same as in the chambers for yarn, or about 7 lb. sulphur for sixty pieces of 33 yds. each. 

Mangling or rincing in cold water.— Three bowls, a brass one in the centre, and two of wood, 
with levers, weights, &c., form the mangling machine. The bottom bowl is placed in a box or trough, 
filled with water. The sulphured pieces are run open through the water box, then between the 
bowls, and, before receiving the top nip, are passed under a continuous jet of pure water. They 
are beamed on this machine, and dried on the steam cylinder drying machine. 

Bleaching muslin-de-laine, all wool . — For this purpose, the same machines may be used; but, as a 
rule, less strain, less soda, and lower temperature are required. 

First Machine : 3 lb. soap, 1 lb. carbonate of soda, or the old so.ip bath with an addition of J lb. 
soda. Temp. 49° (120° F.). 

Second Machine : 5 lb. soap for the first roll of sixteen pieces, and 1 lb. soap is added for each 
sixteen pieces following. Temp. 05° (150° F.). French all wool pieces are about 80 yds. in length ; 
in this case, only eight pieces are put on a roll. The liquor is renewed after six rolls, or forty-eight 
pieces of SO yds. each. 

Third Machine : 2 lb. soap. Temp. 60° (140° F.). The pieces are beametl, well stretched, both 
in length and breadth;ion the rollers, and left to cool. 

Fourth Machine; 2 lb. soap. Temp. 49° (120° F.). The liquor is run off and a fifth passage 
is given in water at 43° (110° F.). The pieces are left to cool again on the rollers, then sulphured 
twice, rinced in cold water through the mangling machine, and dried. They aie singed, either on 
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plate or by gas, previous to scouring. Fine goods, or those to be dyed in light, delicate shades, are 
only singed after having been treated with soap and soda. Flannels generally require stronger soda 
baths, since they contain more oil. 

Fig. 379 represents another kind of woollen cloth scouring machine, called a “ dolly,” suitable 
only for certain kinds of woollen goods, e.g. flannels, merinos, &c , the creasing of which during scour- 
ing is of little consequence. It consists of two 
wooden bowls A and B, set over a wooden 
box C, 5 to 6 ft. deep, 4 ft. broad, and 5 ft. long, 
divided, by perforated wooden boards, into four 
eompartments. Each division holds eight 
pieces of 50 yds. each, and weighing 20 to 30 
lb. ; they are all stitched together end to end, 
so as to form one endless band. This band, 
guided by the rollers D E, is drawn by the two 
squeezing bowls in the direction indicated by 
the arrows. When the scorning is finished, 
an end is loosened and led between the trac- 
tion rollers F, in order to draw the pieces out 
of the machine. The box 0 is filled with a 
mixed solution of soap and soda, so as to form 
a good lather, say 2 lb. soda to 1 lb. soap. 

The pieces are run from fifteen to twenty 
minutes, then taken out, and washed in cold 
water in a similar machine ; afterwards they 
are scoured again for fifteen to twenty minutes 
in a good solution of soap only, then washed, 
hydro-extracted or mangled, sulphured, and washed. The number of scourings and sulphurings 
depends greatly upon the quality of the material, and upon the degree of whiteness required. 

Goods which have to remain white are blued, by being run through a padding machine containing 
1 gall, boiling soap solution (1 lb. soap per gallon of water), 9 galls, water, 1 J to 2 pints indigo blue 
pulp (precipitated from a blue vat). The soap is required to keep the blue in suspension ; with 
less than the quantity given, the blueing might be uneven. The blueing process precedes the sul- 
phuring. “ All wool” goods require about half the given quantity of indigo blue pulp; they are 
sometimes blued by using a weak aqueous solution of indigo extract (sulfindigotic acid) after 
scouring, and, when sufficiently blued, are rinsed in cold water, to wash off the blue adhering super- 
ficially. 

The method of bleaching by burning sulphur, as above described, is known as “ gas bleaching,” 
to distinguish it from “ liquid bleaching,” in which are employed a solution of sulphurous acid, 
or solutions of alkaline sulphites from which the sulphurous acid is expelled by a mineral acid. 

Good results may be obtained by using a solution of bisulphite of soda, acidified with hydrochloric 
acid ; in this, the woollen goods are steeped for several hours and then thoroughly washed. Large 
crystals of bisulphite are used, so that their solution and decomposition may take place gradually. 
A more rational method, however, is that in which the treatment with hydrochloric acid takes 
place in a separate bath, whereby the sulphurous acid is generated within the fibre, and, being 
in the nascent state, acts more powerfully upon the colouring matter of the wool. Liquid bleaching, 
when properly done, gives a more permanent white than gas bleaching, as may be inferred from the 
remarks, which will presently be made, on the theory of sulphurous acid bleaching. 

After sulphuring with gas, the goods should be washed with a weak solution of carbonate of soda 
or ammonia; after a final sulphuring, especially if they contain cotton, with water only; this is in 
order to remove the small quantity of sulphuric acid generated in the fibres, and which would 
otherwise be liable to render the goods tender. The treatment with soda after sulphuring has, also, 
the effect of restoring the suppleness of the wool, which the latter process has destroyed. 

The sulphurous acid acts, by combining with the insoluble colouring matter fixed on the wool, 
to form an easily soluble compound, which, as it happens, is in itself almost colourless, but which 
must nevertheless be washed away if the white is to be permanent ; hence repeated treatments with 
soda, soap, sulphurous acid, and water, suffice to eliminate every trace of this colouring and colour- 
able matter. Since the last trace of any colouring matter remaining would necessarily be preci- 
pitated by treatment with soda, and thus leave the wool with a yellowish hue, it will be readily 
understood that the washing after the final sulphuring should be done with water only, if a pure 
white is desired. Imperfectly bleached woollen goods, from which the qplourless compound of 
colouring matter with sulphurous acid has not been entirely removed by washing, become slightly 
yellow after lengthened exposure to air. 
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With respect to the quality of the water suitable for scouring woollen, the freer it is from lime 
and magnesia salts the better, especially when soap is employed, since in this case insoluble soaps 
are formed, which cling with great tenacity to the fibre, and have an injurious effect on subse- 
quent dyeing processes. When an alkaline carbonate, or urine is employed, the bad effects are 
not so great, as, from the powdery nature of the precipitates produced, they are more readily 
removed by washing. 

Iiinen Bleaching. — The bleaching process to which linen is subjected has for its object the 
destruction and elimination from the pure cellulose of the linen fibre all its impurities, the principal 
of which are insoluble pectic matters, occurring to the extent of 25 to 30 per cent. 

Linen is bleached in the form of yarn, of thread, and of cloth. In the case of yam, it is very 
usual to bleach it but partially, for reasons to which reference will be made hereafter. Thread and 
cloth are generally bleached white. The operations of linen bleaching are, on the whole, very 
similar to those of cotton bleaching ; but the details vary from the latter in some points, and the 
whole process is very much more difficult and tedious, owing to the larger percentage of natural 
impurities which adhere with great tenacity to the fibre. The process comprises — boiling with 
dilute caustic or carbonated alkalies, washing, chemicking, souring, rubbing, and “ grassing,” or 
exposing. 

Some of the machinery too, as used at the present time, differs from that employed in cotton 
bleaching. For yarn and thread, it is very usual to have the false bottom of the bleaching kier, or 
pot, movable and attached by ropes to a crane, so that after draining away the liquor, the whole 
potful of hanks can be lifted out at once. For washing, Gantert’s machine is well adapted. For 
expressing the water after washing, either the hydro-extractor or the squeezers are used, preferably 
the latter. These squeezers are made somewhat differently from those already described, and are 
shown in Fig. 380. They are provided with endless bands or aprons, on each side of the bowls, for 
entering and taking off the yarn, which is placed upon the entering band in a thick layer, the 
hanks overlapping each other. The levers, &c., are arranged so as to give the bowls considerable 
play up and down. 

sso. 



The chemicking machine, seen in Fig. 381, consists of a large stone cistern, about 15 to 25 ft. 
long, 5 to 6 ft. wide, and 3 ft. deep, provided with a framework holding twenty or more square reels, 
on which the hanks of yam or thread are hung, their lower ends dipping into the bleaching powder 
solution. The reels are driven by a series of bevel wheels placed along one side of the cistern, 
and having reversible gearing. Each reel rests loosely in its bearings, and can be readily detached 
while the machine is in motion. When necessary, e. g. at the end of the operation, the framework 
and all the reels can be raised out of the liquor at once, by means of chains attached to the four 
comers of the frame. With this machine, a whole kierful of yarn or thread is chemicked at once 
and with great equality ; it is generally run for from one to three hours, and, during the whole of 
that time, each portion of the hanks is successively exposed to the action of the liquor and of the air. 

The machines for souring are identical with those used for cotton yam. 

With regard to the machines in use for linen cloth bleaching, it may be remarked that the wash- 
ing machines, as described under “ madder bleaching,” have not been found at all adapted for linen, 
since the latter does not possess the elasticity of cotton (probably owing to the absence of the spiral 
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character of the fibres), and the goods are liable to be “cracked ” or tom, especially at the selvages, 
by a slight increase of tension. Many classes of goods, too, e. g. towelling, are of very uneven 
thickness, owing to the divisions between each towel (i. e. the jesp forming the fringe), containing 
only warp threads, thns differing very mnch from the woven central portion. This inequality 
alone would make the cotton washing machines quite inapplicable, since such goods would leadily 
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be torn. The machines in general use are the wash stocks, identical in constmction with those 
described in the bleaching of cotton hank yam. For many qualities of goods, it is more than likely, 
however, that success would attend the adoption of slack washing machines, similar to those in 
use with calico printers. In these machines, the washing trough is divided, by wooden spars or by 
perforated plates, into compartments, corresponding to the number of nips received by the cloth so 
that each compartment can hold several yards of slack cloth before it is drawn again between the 
squeezing rollers. 

The chemicking and souring of linen cloth consists, as a rule, in merely steeping the goods in stone 
cisterns containing the liquors, and then lifting them, after nine hours, on to drainers placed over a 
portion of the cistern. A preferable method, however, is to use pumps, and cisterns with false 
bottoms and wells below, as mentioned in “ market bleaching,” so that the solutions can be circulated 
through the goods, and a more even action of the reagents be obtained. A more recent and approved 
plan is to use a machine similar to the slack washing machines just referred to, with a continuous 
flow of Uquor, as described in “madder bleaching.” in a coniinuous 

A special feature in linen cloth bleaching establishments is the “ rubbing m ichine ” a renre 
sentation of which is given in Fig. 382. It consists of a pair of heavy wooden boards A B about 
2 to 3 yds. long, 1 ft. broad, and 3 m. thick, resting on each other, and one of which is ’moved 
lengthwise to and fro, by means of a crank shaft D, while the pieces are led laterally between 
them. Where the pieces pass between the boards at c, are fixed pot-eyes, and the boards have their 
rubbing surfaces corrugated in order to increase the friction. 

By the term “grassing,” or exposing, is understood the spreading of the goods in a field to 
subject them to the influences of air, light, and moisture. This is a characteristic of the nresent 
general method of linen bleaching ; practical experience has proved that it cannot convenientlv be 
dispensed with. ^ 

The following is a 

Modebs Irish Pkocess foe 3000 lb. Bbown Linen. 

1. Lime : 250 lb. lime. 

2. Lime boil : 14 hours, low pressure, 3 to 8 lb. ; wash 40 minutes in stocks 

3. Sour: hydr^hloric acid 2^ Tw., steep 2 to 6 hours; wash 40 minutes in stocks, “turn 

hank, and wash 30 minutes m stocks. ’ 

4. Leyboils: 1st. 60 lb. caustic soda (soM); 60 lb. resin; previously boiled and dissolved 

fnd add ^ ® liquor, 

2nd. 30 lb. caustic soda (solid) dissolved ; 400 galls, water, boil 6 to 7 hours 
Wash 40 minutes in stocks. nonrs. 

5. Expose in field, 2 to 7 days, according to the weather. 

6. Chemick : chloride of lime solution, Tw., steep 4 to 6 hours ; wash 40 minutes in stnnV. 

7. Sour : sulphuric acid 1° Tw., steep 2 to 3 hours ; wash 40 minutes iu ^ocks * 

8. Leyboil or “ scald ’ : 3.d. 15 to 25 lb. caustic soda (solid), dissolved ; 400 galls water- Le i 

4 to 5 hours. Wash 40 minutes in stocks. ^ 
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9. Expose in field, 2 to 4 days. 

10. Chemick : ckloride of lime solution \° Tw., steep 3 to 5 hours. Wash 40 minutes in stocks. 
The goods are examined at this stage ; those which are ready are soured and washed, and those 

which are not perfectly white are taken to the next stage of the process. 

11. Eub with rubbing boards and a good solution of soft-soap. 

12. Expose in field, 2 to 4 days. 

13. Chemiok : chloride of lime solution i° Tw., steep 2 to 4 hours. Wash 40 minutes in stocks. 

14. Sour : sulphuric acid 1° Tw., steep 2 to 3 hours. Wash 40 minutes in stocks. 

The above process is suitable for all those goods, e.g. lawns, shirtings, handkerchiefs, which are 
made of brown yam (i. e. linen yarn which has had no previous bleaching), and which never con- 
tain coloured yarns. It is, however, customary, as has been said, to bleach linen yam, before it is 
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woven, to various degrees of whiteness, which have special technical names, e. g. exposed duck, 
house duck, cream shade, &c. This preparatory bleach is specially advantageous for thick heavy 
goods, and such as have coloured borders, figures, &c., since, in this case, a milder bleach may 
be given, and there is a better chance of preserving the bloom of the interwoven colours. Such 
semi-bleached yam is, for example, used for table linen, towelling (damasks, diapers, hucka- 
backs), &c. 

For these goods, the following process is sufficient ; — 

Modern Irish Process for 3000 lb. Cream Linen. 

1. Lime: 160 lb. lime. 

2. Lime boil : 10 to 12 hours, low pressure, 3 to 8 lb. ; wash 40 minutes in stocks. 

3. Sour : hydrochloric acid, 2i° Tw., steep 2 to 4 hours ; wash 40 minutes in stocks ; “ turn 

hank,” and wash 30 minutes in stocks. 

4. Leyboil : 1st. 200 lb. soda ash and 60 lb. resin, previously boiled and dissolved together 

in water ; 400 galls, of water ; boil 6 to 7 hours ; wash 40 minutes in stocks. 

5. Expose in field, 2 to 7 days, according to weather. 

6. Chemiek ; chloride of lime solution Tw., steep 3 to 4 hours ; wash 40 minutes in stocks. 

7. Sour : sulphuric acid 1° Tw., steep 2 to 3 hours ; wash 40 minutes in stocks. 

8. Leyboil, or “fcald”: 2nd. 400 lb. soda ash, 400 galls, water, boil 4 hours; wash 40 

minutes in stocks. 

9. Eub with rubbing machine and good solution of soft-soap. 
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10. Expose in field, 2 to 4 da\ s. 

3 1. Chemick : eUoride of lime solution Tw., steep 3 to 4 hours ; wash 40 minutes in stocks. 

1 2. Sour : sulphuric acid 1° Tw., steep 2 to 3 hours ; wash 40 minutes in stocks. 

It is possible to bleach some goods without limeing, and, when it can be avoided, they are much 
softer. What is known as “ brown holland ” is a plain woven linen cloth which has had little or 
no bleaching, but only a slight boiling in water, or a weak soda-ash solution, with, perhaps, a little 
souring. It therefore has the natural colour of the linen fibre. 

Dming the limeboil, a portion of the brown colouring matter (pectin acid) is dissolved. Dr. 
Kolb finds that for every hundred parts so dissolved, 48 parts of lime enter into solution. The same 
precautions as are mentioned under “ madder bleach ” must be even more rigorously attended to here. 

The boiling with alkali removes still more of the pectic acid, also the fatty and greenish matters 
present. Carbonate of soda seems to dissolve more of the greenish and less of the fatty matter, 
hence linen yarns boiled with soda ash are somewhat softer than those treated with caustic soda. 

After the leyboUs, the goods should never be allowed to lie exposed to the air too long before 
washing, otherwise they are apt to be tendered in places, by the crystallization of carbonate of soda 
within the fibres, which are cut or burst during the formation of the crystals. 

The loss in weight by the boilings with lime, and caustic (or carbonate of) soda varies from 15 to 
36 per cent., according to the origin and previous treatment of the yarn. Unbleached yarn boiled with 
water alone for a week, under a pressure of 75 lb., loses about 18 per cent. In all these cases, the 
insoluble pectic acid is changed into soluble metapectic acid, which combines with the alkali, driving 
off the carbonic acid when soda ash is used (Kolb). 

After a number of successive boUinga with alkali, the brownish colour of the fibre disappears, 
and the goods only retain a pale grey shade, which varies in hue according to the process of retting 
employed. In this case, the pectic matters have been thoroughly discharged, and the remaining 
grey colouring matter is readily bleached, by steeping in a weak solution of chloride of lime, without 
injury to the fibre. The brown pectic matters are only bleached with great difSculty, and even 
then only by using a ohemiek solution of such a strength that the fibre itself is attacked ; hence 
this agent must never be relied on, in the earlier stages of the process, to remove the brownish colour 
of the fibre ; and, since scarcely more than 10 per cent, of the pectic matters are ever removed in 
practice by a single leyboil, it is only by repeated treatments with alkali that the whole of these 
matters are eliminated. 

The great excess of pectic matters prevents the “ chemick ” from decolorizing the whole of the 
grey matters at one operation ; hence the necessity for alternating the alkaline boilings with more 
and more dilute chloride of lime treatments. If the “chemick” is used at too early a stage, the 
brown colour becomes fixed or “ set,” and can then only be removed with the greatest difficulty, if 
at all. 

The quantity of “ chemick ” used in practice for linen is always greater than that required for 
cotton; but its use is nevertheless restricted, and alternated with exposure in the field. This plan 
is adopted from the fact that linen, although mechanically much stronger than cotton does 
not possess an equal resistance to chemical decomposition. For the same reason, the necessity for 
washing well between chemicking and souring, and after souring, cannot be too strongly recom- 
mended, in order to avoid the evolution of chlorine gas within the fibre. Prolonged contact too 
with hydrochloric acid even at 2° Tw. has a weakening action on the fibre. ’ ’ 

The object of the rubbing, which is so essential for many qualities of goods, is to remove smal l 
specks of brownish matter called “ sprits,” which may appear here and there throughout the piece. 
The “ turn-hanking ” referred to in the above processes consists in loosening and refolding the 
pieces so that every part may be exposed to the action of the hammers of the wash stocks, and the 
operation is introduced at various stages of the bleaching process, according to the appearance of 
the goods. 

In order to see if the bleach has been successful and complete, a good test is to dip a sample of the 
goods in a weak solution of ammonia ; well bleached linen will not be affected by it, whereas such 
goods as are white, but still contain pectic matters, will be tinged yellow, and will always be 
liable to become so if stored for a lengthened period. 

The usual period required for bleaching brown linen is from three to six weeks, though it is 
quite possible to bleach many classes of goods in much less time. ° 

Silk Bleaclung. Silk is bleached either as yam or as woven material, the operations on the 
whole being very similar to those of Woollen bleaching. One of the great centres of the silk dyein<^ 
and bleaching industry is Lyons. Following is a resume of what M. Marius Moyret, of LyonT 
says on the subject, in his excellent ‘ Traite de la Teinture des Soies.’ ’ 

Silk-yan Bleachiny.—lhe first operation is that of “ scouring,” which can Wfe performed in different 
ways and with different substances, e.g. with weak caustic alkalies, alkaline carbonates, soap or 
acids. Ihe object of this scouring is to remove, to a certain extent, from the raw silk, some of its 
envelope of gliitiiioas matters, in order to render it lustrous, soft, and supple, and fit for bein<- dyed 
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Scouring with weak Caustic Alkalies. — These, viz. caustic potash and soda (caustic ammonia has 
no action), are the most active, but, at the same time, the most dangerous, to employ, since with pro- 
longed action, especially in the case of fine silks, the fibre itself is attacked. ITiey are used, how- 
ever, and with success too, for scouring the coarser and fancy kinds of silk. The hanks of silk are 
hung on sticks, and worked in a tub containing the scouring liquor, as described under woollen yam 
scouring. For 100 lb. silk, a solution of 3 to 4 lb. solid caustic alkali in about 300 galls, wafer 
heated to 60° (140° F.) is used, and the yarn is turned during half an hour. It is then well 
washed and beaten. This plan is advantageous for coarse fancy sUks, since it dissolves off the 
fine down of the fibres. For these qualities, the total loss in scouring is 10 to 12 per cent, of the 
weight of raw sUk. 

Scouring with Alkaline Carbonates. — This method, still used in China, has, notwithstanding its 
economy, alm ost entirely disappeared from European establishments, on account of certain practical 
difficulties. The silk yam is worked for from one to one and a half hour, in a bath heated to 85° 
(185° F.), containing for 100 lb. silk, 10 to 12 lb. soda crystals. At first, the silk swells up and 
becomes gelatinous, then the outer envelope dissolves off; the fibre thereby becomes finer and more 
lustrous. It is sufficiently scoured when it produces a rustling noise on being mbbed with the nail : 
it is then washed two or three times with tepid water. The loss varies from 18 to 28 per cent. 
Besides the delicacy of this method, it is inconvenient not to be able to boil the silk without great 
risk, while experience has shown that boiling will give in many respects a better article. 

Scouring with Soap. — Tliis is pre-eminently the best method, since it preserves and even increases 
the valued properties of siik, such as feel, brilliancy, &c. ; the soap used, however, should always be 
of the best quality. In the north of Europe, soft potash soaps, generally made from linseed oU, are 
used ; in the south, hard soda soaps made from olive and other oils are preferred. Of late years, 
soap made from oleic acid has been more and more employed. Those soaps are to be preferred 
which wash off best and leave an agreeable odour. In general, those made from oleic acid and lin- 
seed oil wash off best ; then follow the soaps made from olive oU, suet, &c. (containing stearic and 
margaric acids) ; last, and worst in this respect, comes palm-oil soap, which, on this account, has 
been almost entirely given up, notwithstanding its agreeable odour. For scouring silks which are 
to be subsequently dyed, oleic acid soap may be recommended ; but for those destined to remain 
white, a good olive-oil soap is beat. In the latter case, two operations are necessary, “ ungum- 
ming ” (Jegommage), and “ boiling.” For “ ungumming,” a boiling solution of 33 lb. soap to 100 lb. 
silk is used, the yarn being worked in this, from a half to three-quarters of an hour. Previous to 
placing the silk in this bath, however, it should be softened in a weak solution of soda crystals, or 
better still, of hydrochloric acid, and should be washed. For “ boiling,” the same bath may be 
used (if not too strongly charged with silk-glue), except for the purest whites, or when the raw 
silk is coloured ; in these cases, a fresh bath is imperative. The yam is lifted from the ungumming 
bath, and allowed to drain ; the hanks are then wrung, sewn up in coarse hempen bags or “ pockets,” 
and boiled, during two to three hours, with a solution of 17 lb, soap per 100 lb. silk. The yam 
is then rinsed in a weak, tepid solution of soda crystals, to avoid the precipitation of any fatty 
compounds on the silk, after which it is rinsed in cold water. For Japanese and Chinese silks, 
the loss may vary from 18 to 22 per cent. ; for European silks, 25 to 27 per cent. 

Scouring with Acids. — M. Moyret finds that an aqueous solution containing 5 per cent, of 
phosphoric or arsenic acid, has an action similar to that of the weak alkalies. SUk, previously 
moistened with dilute tepid hydrochloric acid to free it from lime, is ungummed, after boiling for 
three hours in the pockets with the above solutions. The process, however, has not been adopted, 
owing to the fact that the silk is not rendered so white, and is not so capable of being properly 
weighted afterwards. 

Siik Yam Bleaching and Tinting. — After scouring, the yarn is opened out, to be hung on sticks, 
and worked in a bath containing 10 lb. soap per 100 lb. silk, at a temperature of 49°-60° 
(120°-140° F.) ; it is then drained and straightened out, ready for being sulphured. The total 
amount of good olive-oil soap required to scour silk for white, varies from 50 to 60 per cent, of the 
weight of the latter in the raw state. 

Sulphuring. — For this purpose, the hanks, while still damp and well straightened out, arc hung 
in the sulphur chamber (which is of the same constraction as that described under "Woollen 
bleaching), and are there exposed to the fumes of burning sulphur for five to six hours, or even 
over night. Afterwards, the silk is well rinsed in a weak tepid solution of soda crystals, in order 
to wash out the sulphurous and sulphuric acids absorbed by the fibre. To ensure the thorough 
expulsion of the former, it is customary to hang the rinsed hanks, after wringing out the water, in 
a stove heated to 29°-38° (85°-100° F.j. With reference to the bleaching of sUk by sulphurous acid, 
M. Moyret’s opiniou«eems to be that probably it does not act directly in destroying the colouring 
matter of the fibre ; but that along with the formation of sulphuric acid there is also a production 
of ozone, to the bleaching properties of which reference has been made in Cotton bleaching 

Tinting. — This operation is necessary to hide the faint yellow hue which the silk still retains. 
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Unlike the analogous operation in use with cotton and wool, the question here is not always one of 
simple blueing ; to suit the tastes of the merchants, the silk is actually dyed in various delicate 
shades, e. g. milk white, snow white (pure white), azure white (blueish white), Chinese white 
(orange, yellowish and purplish whites). To obtain pure white, a very weak neutral bath of ammonia- 
cal cochineal and indigo carmine is used, care being taken that the dye should not too rapidly fix 
itself on the fibre ; to prevent this, a little ground chalk is added to the bath. A cold or slightly 
tepid solution of aniline violet, with addition of a little soap, is also very much used for this shade. 
To obtain Chinese wliite, a weak soapy solution of annotto may be employed. After tinting, the 
silk is rinsed in fresh water and dried in a moderately warm stove, admitting as little light as 
possible. A passing reference must here be made to the wild or Tussah silk, which it is not 
possible to bleach in the ordinary waj' ; the process of Tessie' du Mothay, however, already 
described, yields very fair results. 

Scourinj and Blenching Wuxen Silk . — Before scouring, the goods are singed with the gas flame 
(see Cotton bleaching). The scouring machine consists simply of a winch set over a wooden box or 
tub. As with the silk yam, so here, there are two operations, “ ungumming ” and “ boiling,” 
both of which can be done with the same machine. For ungumming, the piece is simply winched 
backwards and forwards, for about an hour, in an old boiling liquor at 100° (212° F.). After 
winding the piece on to the winch and allowing it to drip, the liquor is run off and the tub is 
refilled with fresh liquor, containing 30 to 40 per cent, of white soap, and heated to incipient 
boiling. The piece is then unwound, and again winched backwards and forwards for about two 
hours ; it is then rewound on to the winch, and allowed to drip for half an hour, when it is ready 
to be rinsed for dyeing in dark shades, or to be bleached for pale or white shades. Sometimes, in 
order to save time, the boiling is done in pockets as in the case of silk yam. For rinsing, the winch 
with the silk wound on it is transferred to another tub containing a weak solution of soda crystals, 
where it is unwound and winched for a quarter of an hour, after which it is removed to be 
sti earned in nmning water, and beaten, till thoroughly clean and ready for dyeing. If for sulphuring, 
a fresh weak soap bath heated to 49° (120° F.) is given, instead of rinsing; and, after draining, 
the pieces are hung in the sulphur stove. According to the degree of purity of white required, 
this soaping and sulyhming is repeated several times. J, J. H. 

BOGWOOD. 

Deeply buried in the peat bogs of Ireland, have been found the relics of primeval forests ; 
specimens of oak, fir, deal, and yew have been dug up at intervals, and used by the peasants for 
firing and other domestic purposes. The oak thus found is as black and as hard as ebony, and 
possesses considerable value as an article of turnery. That best suited for carving is brought from 
the counties of Jleath, Tipperary, Kerry, and Donegal. A load of it as disinterred costs only about 
SOs. : but a considerable portion of it is unfitted for carving, by the presence of flaws and splits. 
It is first cut into suihible pieces, and is then worked on the end of the section, or across the grain, 
and not on the length of the grain or plankwise. The process employed resembles that adopted 
in the ease of ivory. The more experienced workmen can carve designs without having any 
pattern to work fiom, earning from 40s. to SOs. per week. The wages of the less expert vary from 
10s. a week upwards, women earning nearly as much as men. The total number of persons 
employed in this industry is said to be over 200. Many of them work on the premises of their 
employers, others at home. 

About fifteen years ago, a method of stamping the design in the wood was devised ; this per- 
mitted the production of very fine effects, without incurring the great cost of skilled hand labour. 
According to this plan, the piece of wood, cut to the required size, is placed on the top of the die, 
which latter is heated by means of a hot plate of metal on which it stands. Over the wood, a 
similar hot plate is laid ; upon this a powerful screw press descends, and the wood receives the 
impression of the dies as freely as wax, the bitumen in it preventing the fibre from cracking or 
crumbling. In this way, objects of exquisite delicacy and very high relief (almost to the height of 
1 in.) can be produced in a few moments. The designs thu.s obtained by the die are readily distin- 
guishable from those wrought by the carver’s tool ; they want the extreme sharpness of the carving, 
but, on the other hand, they are capable of showing more minute figuring and more elaborate 
details. The dies, some of which are very beautiful in design, and all sharply cut, are made in the 
establishments where the carved objects are produced. The designs are not conspicuous for great 
variety of conception ; they take the fom principally of antique sculpture crosses in high relief 
round towers, abbeys, antique brooches, fibulae, harps, shamrocks, and other national emblems 
besides a multitude of articles used in the boudoir and drawing room. 

There are three or four dealers in such articles in Dublin, each of whom ^ells, perhaps, 50001. 
worth per annum. 

The wood has been utilized as fuel, for centuries past; but its application to artistic purposes 
dates only from George IV.’s visit to Ireland in 1821. 
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BONES. (Fe., Os ; Gee., Bein, Knochen.') 

Bone consists of a dense cellular tissue of membranous matter known as periosteum, rendered 
hard and stilf by incorporation with certain insoluble earthy salts, of which phosphate of lime 
is the most important. Bones form the solid framework or skeleton of the bodies of animals, 
enclosing and protecting the most vital parts from external injiuy, and themselves clothed 
with softer parts called flesh. They differ greatly in form and character, some being hollow 
and filled with marrow, while others are solid and contain no marrow. In composition, they 
exhibit equally wide diversity, especially with regard to the proportions of the two principal 
constituents, viz. the organic (osseous cartilage or ossein) and the inorganic (earthy salts). The 
former, through which the nerves and blood-vessels find their way into the bone, is antecedent 
in growth to the latter, and is composed of modified gelatine. The earthy portion consists 
essentially of phosphate of lime, with carbonate of lime and small proportions of some other 
salts : it is built up slowly and gradually during the whole lifetime of the animal, so that from 
the relative earthiness of the bone, some idea may be formed of the age of the animal. On an 
average, it may be said that the weight of green bones is about equally divided between the organic 
and inorganic components, or, when dry, about 30 to 40 per cent, of the foi-mer to 60 to 70 per cent, 
of the latter. It has been observed that bird bones are more earthy than animal bones, and 
contain a greater percentage of carbonate of lime in proportion to the phosphate of lime. The bones 
of amphibia, again, are less earthy than those of mammalia ; in fish bones, the inorganic 
ingredients vary between 21 and 57 per cent. The composition of fossil bones depends, in a great 
measure, on the conditions under which they have been preserved, and much irregularity is to be 
expected. Sometimes the organic matter is abundant, as in fish bones; in other cases, it is 
altogether wanting. Carbonate of lime is usually more strongly developed, which may be owing 
to the phosphate being in some degree converted by the infiltration of carbonic acid or its salts. 

The economic uses of bones are manifold and important. In the first place, they contain a large 
amount of nutritious food, which may be extracted by continued boiling in water, or by ‘‘ digesting.” 
In treeless countries, such as Iceland, Tartary, and the Pampas of South America, they are commonly 
used as fuel ; and among many savage tribes, they form the points of arrows and other weapons of 
war or the chase. But these are rather domestic than industrial applications. 

Whether coming from the slaughter-house or battle-field in a raw state, or from the domestic kitchen 
after having undergone one or more cookings, bones always contain an amount of fat, which must 
be extracted as a preliminary to any other process needed to fit them for their various uses. The 
elimination of the grease is usually effected by subjecting the bones to gentle ebullition, for about 
twenty-four hours, in water in large open coppers, and skimming off the fat as it floats. All kinds of 
bones should not be boiled indiscriminately together, both because the bones themselves will be 
devoted to different purposes, and because the quality of fat produced will likewise be various. The 
hollow bullocks’ shank-bones are generally boiled alone, yielding the primest fat, which is sold to 
the soap-makers, and to the manufacturers of “ butteiine ” and other curious compounds with which 
science provides our breakfast tables, at about 35s. to 45s. per cwt. Ordinary butchers’ bones are 
chopped into pieces about the size of the sticks composing the bundles of London firewood, and in 
such a manner with regard to grain, «£c., as will best expose the fat-impregnated cells of the bone 
to the dissolving action of the hot water. The grease from these is less in quantity and inferior 
in quality to the last named, and sells at 25s. to 35s. per cwt., the price varying with the more or 
less brown colour. Common house-bones yield still less fat, whose general character and price 
do not differ materially from those just mentioned. Horse bones contain so little fat as not to be 
worth boiling for its extraction, and are comparatively useless for any purpose save manuring the 
ground ; they are only indifferently valuable in that sphere, as the great percentage of lime they 
contain precludes their being vconomically treated with sulphuric acid before application to the soil. 
Fish bones are usually pressed, to remove the valuable oil which is present in considerable amount, 
and are then administered as a manure, without any further preparation. 

One of the principal uses of bone is the manufacture of knife handles, toothbrushes, babies’ gum- 
rings, and a great variety of such small articles of turnery. Almost the only kinds of bone employed 
for this purpose are the shin and buttock bones of oxen and calves. They are first boiled, as 
described above, to remove the fat, and this process robs them, at the same time, of some of their bone 
cartilage, thus rendering them rather more brittle. Next they are bleached, by laying them in the 
sun, or by other means, and are sawn and turned into shape as required. When finished, they are 
soaked in turpentine for one day, boiled in water for about an hour, and then polished, first with 
glass paper, second with Trent sand or Flanders brick on a wet flannel, third with whiting on a 
damp woollen rag. Finally, a small quantity of wax is rubbed on quickly with the object of filling 
up the tiny pores %f the bone, but very little must be allowed to remain on the article. Common 
articles, such as cheap tooth and nail brushes, are often polished, by simply using a little slaked 
lime on a damp flannel or woollen rag. An excellent method of cleaning bones is to soak them for 
twenty-four hours in a solution of 1 lb. soda ash and J lb. calcined lime in three quarts of hot water. 



522 


BONES. 


then wash them thoroughly and put them to bleach. Bone shavings, scrapings, and sawdust are 
in considerable request among pastrycooks and others, for making jelly. 

In some bone-producing countries, notably South America, whence enormous quantities of bones 
are imported to this country and a few Continental ports, the bones are commonly calcined in the 
open air before shipment, an operation which greatly reduces their bulk, by eliminating all the 
moisture they contain, and rendering them a friable mass. In this form, they are known as “bone- 
ash,” and are consumed chiefly in the manufacture of high-class aitiflcial Manures (which see), 
while about 1500 tons per annum are employed in the china manufactories of this country. Less 
important applications of the substance are for the making of cupels used in assaying, and for case- 
hardening small articles of steel. 

Another product derived from bones is “sal-ammoniac” or “chloride of ammonia.” This is 
produced by subjecting bones, which have previously been boiled to remove the fat, to a process of 
distillation in large retorts, by which is drawn otf a vapour composed of carbonic acid, various 
hydrogen-carbon compounds, water (steam) holding carbonate of ammonia in solution, and a peculiar 
oil which is collected separately and afterwards burnt in specially constructed lamps for the 
purpose of depositing “ lamp-black.” Towards the conclusion of the distillation process, chloride 
of ammonia and sulphate of soda are formed ; the former is separated by sublimation, and the latter 
is dissolved in water and crystallized. The mass left in the retorts represents the earthy portions 
of the bone, blackened by the carbon of the organic matter and known as “ Ivory-black,” “ Bone- 
black,” or “ Animal charcoal ” (which see). By exposing this last to an open fire, the carbon is 
consumed, and the bones are rendered almost white. They are then reduced to powder (bone-ash), 
and are used for cupel making, as a polishing powder for plate, &e., and by the phosphorus-match 
makers. 

The purification of ammonia salts from the waste of bone-gas and animal-charcoal works 
is rendered difficult by the presence of empyrenmatic organic matters (Dippele’s oil). The cost 
is much increased by the necessity for re-subliming the crude products, while the neutralization of 
the condensation waters with hydrochloric acid creates a nuisance, by reason of the ammonia sulphide 
and cyanide present. Mr. J. V. Divis tias elaborated a mode of purification, which he thinks may 
be used even in sugar-works making their own animal charcoal, 8 to 10 per cent, (according to the 
quality of the bones) of ammonia water being obtainable, containing 7 to 9 per cent, of actual ammonia, 
the yield of bone oil being 1‘7 to 2 per cent. The ammonia waters are collected in old petroleum 
barrels and allowed to stand two days, when the floating oil is skimmed off. The waters are then 
gently heated and just neutralized with hydrochloric acid, after being mixed with concentrated 
solution of chloride of lime, to decompose the carbonate of ammonia, without which there would be 
a liberation of gas. Carbonate of lime is abundantly deposited, and its precipitation clarifies the 
liquor. After some hours, the clear liquid is decanted, and the sediment remaining forms a good 
manure. The chloride of lime must be slightly deficient — never in excess. The clear but yellowish 
decanted solution is heated to boiling in sheet-iron tanks, which causes the rest of the impurities to 
separate out, and admits of tlieir being skimmed off. The boiling liquid is then filtered through a 
mixture of wood charco.il, animal charcoal, and coke, in a double-bottomed cask. Finally, it is 
evaporated in shallow pans, the vapours arising being forced through the ash-grates of the 
furnaces. The sal-ammoniac thus produced contains 95 '3 per cent, of true chloride of ammonia and 
4-2 per cent, of water. 

Before detailing the important part played by bones in the manufacture of gelatinous substances, 
such as gelatine, size, &c,, it will be necessary to refer for a moment to their composition. After 
undergoing the preliminary fat-extracting operation, there remain the two essential constituents — 
cartilage and lime-earths. And here it might be well to remark that the fat is not really a 
constituent of bone, but an accessory, for varieties of bone exist identical in other respects, but 
quite free from grease. A portion of the cartilage is sure to be dissolved out of the bones while they 
are being boiled to removed the fat, and in the large dyeing works at Manchester and other places, 
this is often utilized for making “ size.” After removing the fat, the bone liquor is boiled down 
in another vessel till it is strong enough for stiffening the heavy goods to which it is applied. 
When the size-liquor is too weak for further use, it still possesses a value as a fertilizer, and the 
exhausted bones are also bought up by the farmers and manure makers for a similar purpose. A 
modification of this plan consists in crushing the bones, treating them with steam at high pressure, 
and adding to the semi-gelatinous mass thus formed, a proportion of hydrochloric acid (2 per cent.) 
and reboiling. The fat then separates and floats on the liquor, to be easily collected and purified, 
by being treated first with boiling water and a very small quantity of caustic soda, and next with 
animal charcoal, and finally filtered. 

The osseous cartilage may be removed from bones, by suspending them in^ vessel with weak 
nitric or hydrochloric acid (1 part acid to 9 parts water) at 10° (50° F.). The acid causes an effer- 
vescence, by acting on the carbonate of lime, and dissolves out the whole of that and the other 
earthy constituents without affecting the cartilage, which, while retaining the form of the bone. 
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soon becomos soft and translucent. It is then washed in two or three changes of cold water, to 
remove all traces of acidity. It shrinks and darkens on drying, becoming hard and strong, but 
somewhat brittle, and losing none of its transparency. It now forms gelatine. It has been 
proposed to obtain gelatine from bones, &e., by means of benzine and other hydro-carbons. Some- 
times it is found advisable to treat the material with lime before adding the hydro-carbon, but only 
rarely. After the bones have remained for a considerable time under the influence of the hydro- 
carbon, the fatty matters are dissolved, and the pure gelatine is found at the bottom of the vessel. 
The two products are thus easHy separated, in order to be treated in the usual way, and the hydro- 
carbons are recovered by evaporating with steam, and condensing. 

The following is a German plan for preparing gelatine from bones. The bones are exposed 
to the sun and air for about six weeks, and, in dry weather, are moistened several times daily 
with water. Quantities of 10 to 15 cwt. are put into vats and soaked with a solution of hydro- 
chloric acid at 1° (? Beaume), which is drawn off when saturated, and replaced by a fresh solution, 
repeating till the bones are softened. These are washed in fresh water and placed for fourteen days 
in a solution containing a small amount of lime, then taken out and thoroughly rewashed in ftesh 
water, and laid out upon large plates to dry iu the air. The product at this stage is raw gelatine. 
About 300 lb. of this is laid in running water for twenty-four hours, which makes it soft and 
easily broken up : it is then left for several days exposed to the open air, after which it is put into 
an immense kettle with 40 gallons of river water ; a fire is made, and it is slowly cooked, the mixture 
being stirred every half hour, and 4 oz. of alum added, which helps to liberate the fatty particles, 
and thus materially to purify the gelatine. After cooking for eight to ten hours, according to the 
state of the mass (which may be tested by filtering some through a linen cloth, from which it 
should come clear and free from all impurities), the whole is put into a vat containing 3 gallons 
of fresh water acidulated with sulphuric acid. It is stirred, two quarts of acetic acid are added, and 
the mass is left to stand for one hour, when it is again filtered through linen cloth and put into 
wooden vessels, where the mass gradually attains a solid state. Before becoming thoroughly hard, 
it is cut by machine into thin sheets and laid out to dry in an airy and dry spot under an awning. 
The very best brand of gelatine is said to be made in this way. Should it be desired to produce 
coloured gelatine, the following modification is needed : On completion of the last filtration 
through linen cloth, a small quantity of gall is added, and then the required colouring matter. The 
most common colour is carmine, dissolved in a^wu ammonioe, and stirred into the mass. Aniline 
colours may also be used. The proportions are generally 1 oz. of colouring matter to 4 lb. of 
liquid gelatine, the former being first thoroughly cleaned by repeated straining through linen 
cloth, then added to the diluted gelatine, and the whole well mixed while warm and poured out on 
large frames or sheets of glass placed in a cool, dry, airy place. The sheets are taken off when dry, 
or just before if they are to be stamped with patterns. 

In the method of manufacture known as Rice’s, the bones are placed in dilute phosphoric acid, 
by which the earthy matters are dissolved and removed from the cartilage, which latter can 
be turned into gelatine by any ordinary process. The acid is recovered from the earthy matter for 
re-use in the following way : — About two-thirds or more of the solution of acid phosphate of lime 
is submitted to the action of sulphurous or sulphuric acid, which precipitates the lime as sulphite 
or sulphate, either being easily removed, and leaving the acid or acid phosphate (according to the 
amount of acid used) in an available condition for further use on fresh bones. By extracting the 
phosphates originally held in the bone, this process yields an actual surplus of phosphoric acid, 
so that it is claimed that almost 50 per cent, can be gained on each treatment. The residues are 
used for manure. The cost of production is said to be greatly reduced by this plan. Phosphoric 
acid alone is found to be best ; but it may also be used in conjunction with other acids, in such 
proportions that the mixture will dissolve and remove the earthy matters. 

Efforts have been made to obtain white gelatine from low products, and to whiten dark- 
coloured gelatines, such as those got as a secondary product in the manufacture of neafs-foot oil, 
and which sell with difficulty. One proposed way of surmounting the difficulty consisted in 
digesting the raw material — hoofs, bones, &c. — in water or superheated steam at a pressure of 
three atmospheres. After three hours’ digestion and half an hour allowed for settling, the strongly 
ammoniacal solution of gelatine is concentrated, the supernatant oil having been previously 
removed. A dark, brittle gelatine was thus obtained, which it was tried to bleach, without success, 
by means of sulphurous acid or a sulphate in presence of hydrochloric acid. The duration of the 
digestion was then diminished, and, instead of drawing off all the liquid at the end of three hours, 
it was drawn off three times, from hour to hour. The solution was then supplied with some wood 
charcoal mixed with 25 per cent, of animal charcoal, and after standing for twelve hours, was 
treated as abov^ The product was a gelatine of good quality, appearing yellow only iu large 
masses, tasteless, scentless, and fit for all purposes. The solution requires 4 per cent, of the 
charcoal mixture. 

The principal use of gelatine is in the manufacture of various alimentary substances. It 
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has proved very tiseful for takiag casts of delicate aud intricate objects, without showing seams. 
Its use among dyers has already been noted. Eecently a new demand has been created, by the 
discovery that gelatine, in presence of a salt of chromium, is rendered insoluble by the chemical 
action of light. The most important application of so-called chromatized gelatine hitherto has 
been in the heliotype process, which is virtually a new art of lithography. If paper coated with 
a solution of bichromate of potash and gelatine be exposed to the light, the gelatinous him 
becomes to all intents and purposes a lithographic stone, from which an indehnite number of copies 
of photographic negatives may be taken. The compound is also used in a new process for 
rendering woven fabrics waterproof; cotton and linen that have been soaked in a weak solution of 
gelatine (or glue) and bichromate of potash become waterproof on exposure to daylight, without 
being impervious to air. 

Probably a larger quantity of bones is applied to the fertilization of the soil than is consumed 
in all the other ways together. They are applied raw, calcined, or dissolved in sulphuric acid. 
Since the growth of Australian meat-preserving companies, a plan has been tried for reducing the 
enormous bulk of bones, and their consequently heavy freight, between that country and this. The 
bones are crushed fine, and then moulded into cakes resembling flooring tiles, measuring about 6 in. 
square and 3 in. thick, and weigliing about 6 lb. each. They are sufficiently adhesive to be handled 
freely, while they are rapidly dissolved by water. A ton weight can be got into 29 cub. ft. 

The price of bones varies between about 51, and 81. per ton, according to cleanness, size, and 
fatness. Bone-ash sella at 71. to 81. per ton. 

The following are the latest procurable statistics concerning the imports and exports of bones to 
and from the United Kingdom ; — 

Imports. 


Tons .. .. 1 

■Value .. £j 

18V3. 

1 1874. 

1875. 1 

1876. j 1877. 

1 79,559 

537,531 

92,158 

633,535 
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Of the total quantity imported in 1877, the proportions (in tons) used for manufacturing pur- 
poses other than manures were, from France, 1877 ; Uruguay, 1106 ; Brazil, 1033; Australia, 780; 
United States, 762; Holland, 426; Belgium, 252; Germany, 1.57; other countries, 1062. For 
manures only (in tons), from the Argentine Republic, 33,217 ; Uruguay, 15,090 ; Russia, 14,235 ; 
Brazil, 7452 ; France, 6416 ; Italy, 6388 ; Turkey, 4941 ; Germany, 3227 ; Holland, 3177 ; United 
States, 2490 ; Spain, 2242 ; Denmark, 2204; other countries, 3661. 

Exports. 

The quantities of bones exported from the United Kingdom in 1877 to all countries were, for 
manufacturing purposes, 26 tons, value, 292/. ; and for m.anure only', 226 tons, value, 1469/. 

See Blacks, Buttons, Celluloid, Cements (Glue), Ivory, Manures, Pottery. 

Wlialebone, or Baleen. (Fr., Baleine ; Geb., Fisch'ieine .} — In deference to popular misconcep- 
tion regarding this substance, attributable partly to its unscientific name, it has been j udged advisable 
to introduce it here, despite the fact that it does not possess a single feature in common with bone. 
The method of growth of the whalebone is a modification of the system of the rabbit's tooth or the 
elephant’s tusk ; it contains no bone whatever, but resembles rather a number of hardened hairs, 
cemented together by a sort of gum, its chemical composition, according to Brande, being a basis 
of albumen hardened hy a small proportion of phosphate of lime. It forms a substitute for teeth 
in certain species of whales, especially the Baloena mysticetas (Greenland whale), and B. australis 
(Southern whale). The very diminutive nature of the creatures on which these animals feed — 
scarcely larger than a common house-fly — renders teeth unnecessary, and requires a kind of sieve, 
in which the prey may become entangled and crushed, and thus the interior of a whale’s mouth 
has the appearance of being furnished with a forest of bristles. 

The baleen is a depending growth from the sides of the upper jaw, and consists of a number of 
flat plates, or “blades,” as they are technically termed, separated by gum, and fringed with coarse 
hair to assist in securing the food. The position of the baleen is shown in the accompanying illus- 
trations. In Fig. 383, the mouth is represented open, as when the animal is feeding; A is the 
crown-bone whence the baleen depends ; B the lower jaw ; 0 the baleen or whalebone. Fig. 384 
indicates the mouth closed, and the blades of b.ileen packed away by the action of the lower jaw. 
The number of blades on each side is commonly about 300. 'They are longest in th? middle, reaching 
a maximum of 15 ft., but generally not exceeding 12 or 13 ft. ; their breadth at the root is about 
10 or 12 in., and thickness, 0‘4 to 0'5 in, A full-grown Greenland whale yields about a ton of the 
substance. As imported from the Greenland seas, which are its chief source, it is generally divided 
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into handy pieces of 10 or 12 blades each ; but sometimes the sailors have had time during the voyage 
to strip off each blade separately, and to divest it of its hairy fringes. Before cutting up the blades 
for use, they are cleaned and softened, by boiling for about two hours in long coppers, and are then 
fixed, while still hot, in the large wooden vice of a carpenter’s bench, in a convenient position for 





being planed or shaved into the required strips by means of the tool shown in Fig. 385. It consists 
of two handles A D, an iron plate C D, with a guide notch E, and a semicircular knife F, 
which is screwed firmly to each end of the iron plate, and adjusted with its cutting edge on a plane 
exactly so much lower than the bottom of the notch as will repre- 
sent the desired thickness of the slice to be stripped off. The notch 
of the tool is applied at the end of the “ blade ” farthest from the 
operator, and is then drawn towards the person, so as to cut always 
in the direction of the fibres, and never across them. These slices 
are dried, and planed smooth on their other surfaces. Whalebone 
is polished in difterent ways. According to one plan, it is first 
scraped with pieces of glass, or steel scrapers, then rubbed with 
emery paper, and finally with tripoli or rotten-stone on a woollen 
cloth ; or in another way, it is rubbed with ground pumice, or wet felt, and finished with dry quick- 
lime, spontaneously slaked and sifted. 

It possesses the valuable qualities of elasticity, flexibility, lightness, and strength combined. 
Heated by steam or in a sand-bath, it softens, and may be bent or moulded into various shapes, 
which it will retain if cooled under compression. When boiled, it becomes harder and darker 
coloured. Unlike tortoiseshell, it cannot be soldered. Its industrial applications are multifarious 
and important. The fibres detached in slicing the blades are used as a substitute for bristles in 
conunon brushes, and instead of hair for stuffing mattresses. From the thick parts of the blades, 
are made knobs for walking-sticks, and snuff-boxes. It is also used in the framework of hats, and 
in making ladies’ bonnets, and even artificial flowers have been made from white whalebone, which 
wfil take many bright and durable colours. Narrow strips, grooved or made into ribs by being 
drawn through an aperture in a steel plate, are used for covering pocket telescopes, &c., being 
wound around the tube and tucked under the rings at the ends ; broad, flat slices of parti-coloured 
whalebone are sometimes similarly used, the light portions being dyed green, and the dark remaining 
unchanged. Solid pieces of mixed colours are occasionally made into walking-sticks, and plaited 
strips of black and white are often employed on whips. A considerable quantity is still consumed 
in the manufacture of ladies’ stays, but not nearly so much as formerly, and probably the principal 
demand now is for making the stretchers of umbrellas, &c. 

The price of whalebone fluctuates exceedingly, and may be put roughly at 501. to loOf. per ton. 

The imports of whalebone were, in : — 




1873. 1 

1 

1874. 

1&75. 

1876. 

isvr. [ 

Cwts 1 3,544 

2,911 

1,871 

1,799 

1,969 

Value .. £] 64,618 

i 

! 54,920 

1 42,240 

47,144 

82,987 


The quantity fo§ 1877 was contributed as follows : — 

The northern whale fisheries, 987 cwt, ; United States, 380 cwt. ; other countries, 602 cwt. 

The exports of whalebone in 1877 were, to Germany, 251 cwt., value, 15,216?. ; France, 126 cwt. 
value, 4700/.; other countries, 96 cwt., value, 456/. 
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BORAX, or BI-BOBATE OF SODA. (Fb„ B<yrax, borate de sonde; Geb., Borax, 

Borsduresnatron.') 

The word Borax forms a convenient heading for this article, as the term is universally known ; 
hut, having regard to the fact that various other borates, as well as native boracic acid itself, are 
utilized either in the production of, or as substitutes for, borax, it is felt that a description of 
each will be welcomed, especially as the subject has been but very narrowly treated of hitherto. 

First of borax. This salt is an acid or bi-borate of soda, Jfa,B,0„ forming transparent crystals 
of the rhombic system, whose surface becomes efflorescent on exposure to the atmosphere. Its sp. gr. 
is I ■ 70.O ; it is soluble in water, giving it a weak alkaline reaction. When heated, it melts in its 
water of crystallization (ten molecules), which is given off, leaving a spongy mass of “ burnt borax.” 
When an aipueoua solution of borax, sp. gr. 1-245, is allowed to crystallize at about 79° (174° F.), 
octahedral crystals are obtained, combined with only five molecules of water. This latter is known 
as “ octahedral ” borax ; the former, as “ prismatic ” borax. Octahedral borax crystals are commonly 
said to be stable only at a relatively high temperature ; but Gerney has found that both the prismatic 
and octahedral forms can be produced at a low temperature, and that 56° (133° F.), which has been 
indicated as the inferior limit for the production of prismatic borax, is in reality only a temperature 
near the higher limit at which the production of prismatic borax has been observed, since this salt 
loses a part of its water at this temperature. Borax absorbs hydrochloric and sulphurous acid gases, 
and is decomnosed by sulphuric, hydrochloric, and nitric acids. Melted borax dissolves almost all 
metallic oxides, whence its greatest industrial utility. It fills the most important place in the list 
of boracic compounds, and contains : — 

Boracic acid 36-58 per cent. 

Soda 16-25 „ 

Water 47-17 „ 

Its manufacture will be described in due coiu-se. In a natural state, it exists in great abundance 
in California and in Thibet, being locally known in the latter country as tinkdl {anglice “ tincal ”). 

Second on the list in point of importance, is native boric (boracic) acid (Fb. adde borique, 
boracique; Geb. Borsdnre, Boraxsdnrc), HjBOj, containing boracic acid 56-38, water 43-62 per cent. 
It forms white, scaly, shining crystals, which yield all their water on heating, melting to a 
transparent mass, which, on cooling, solidifies to a colourless glass. For solution, it requires 25-6 
parts of water at 15° (59° F.) ; but only 2-9 parts at 100° (212° F.). Its aqueous solution has only 
a very slight acid taste; it colours blue litmus, purple; and turmeric, reddish brown. Boric 
anhydride expels almost all other acids from their compounds at a red heat. The greatest natural 
source of this acid is found in the well-known lagoni of Tuscany ; but it is a common product of 
volcanic action, and forms a constituent of both sub-aerial and sub-marine hot-spring waters in 
many parts of the globe. 

Next worthy of attention are the variously named and as variously constituted borates of lime, 
and double borates of lime and soda, known as borocalcite, boronatrocalcite, tincalzite, ulexite, 
Hayescine, &c. Tliey occur in reniform masses, varying in size from that of a hazel nut to that of a 
potato. Their outer crust is hard and chalky looking ; but they are easily broken, and inwardly 
present a mass of crystalline needles, intersecting each other in all directions, and of brilliant white 
satiny appearance. These borates are generally associated with reddish or yellowish crystals of 
glauberite or gypsum, as well as with a certain proportion of common salt, which imparts a 
brackish flavour. The whole mass is almost completely soluble in strong acids ; but is very slightly 
soluble in water. These minerals are of such variable composition that no formula can express it 
with any degree of accuracy. The approximate percentages of the principal ingredients of a number 
of samples are thus variously stated : — 



1 1. 

' 2. 

t 3. j 

4. 

1 

1 

! 6. ! 

1 

8. 

1 

' 9. 

10. 1 

tl. 
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Boracic acid 

.. 46 
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37 

I 46 
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4U 
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84 

31 

Lime 
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The varieties of this mineral occur principally in the nitrate of soda beds of South America. 

Boracite, or borate of magnesia, is one of the richest native boracic salts, containing, when pure, 
about 70 per cent, of boracic acid and 30 per cent, of magnesia. It crystallizes ki the cubic system, 
and is pyro-electric and double-refracting. It is found generally in association with deposits of rock- 
salt, gypsum, and potash-salts (kainite and camallite), usually in nodules, rarely in strata. The 
variety found in the German potash beds is called Stassfurtite. When washed until the water 
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which passes no longer precipitates with nitrate of silver or chloride of harimn, and then dried 
at 100° (212° F.), these minerals give respectively the following composition : — 



Boracite. 

Stassfurtite. 

Chlorine 

815 

8-02 

Magnesium 

2-75 

2-71 

Magnesia 

25-24 

26-15 

Protoxide of iron 

1-59 

0-40 

Boracic acid 

62-91 

t)0*7o 

Water 

0-55 

1-95 


101-19 

99-98 


The formula for boracite will then he 2(3Mg04B03) + MgCl ; Stassfurtite contains one more 
equivalent of water. 

Howlite, or silicoborocaleite, is a hydrous borosilicate of lime, containing about 43 per cent, of 
boracic acid. It occurs in a nodular form in gypsum and anhydrite, in Nova Scotia and in the 
copper region of Lake Superior. 

Cryptomorphite is a hydrated borate of lime and soda, with 58J per cent, of boracic acid. 

Boracic acid exists in a number of other minerals as a subsidiary ingredient; but only the 
borates of soda, lime, and magnesia, besides the native acid, have yet been found in sufiSeient 
abundance to be economically employed in the preparation of commercial boracic compounds. 

The industrial importance of borax and its allies may be inferred from the fact that the 
monopoly of the market, enjoyed by the Tuscan producers in 1855, evoked a petition from the 
consumers, praying the Government for information concerning the resumption of the trans- 
Himalayan export, which had decayed under the influence of the policy pursued by the Tuscan 
monopolists. Their address represented the article as one of prime necessity for porcelain and 
pottery manufacturers, and enlarged on the mischief resulting from its excessive price, and the 
consequent employment of inferior substitutes. 

Having adverted to the principal forms under which boracic compounds are met with in nature, 
the next consideration will be their geographical and geological distribution, together with the 
native methods of preparing the raw product for exportation. Afterwards, will be added a 
description of the treatment of the imported articles, by which they are fitted for use. 

1. Europe . — The preparation of native boracic acid in Tuscany dates from 1818, and now forms 
one of the chief branches of Italian chemical industry, and an important factor in the sum total of 
the production of boracic compounds. The occurrence of the acid is as vapour emitted with steam 
from fissures in the earth, and as a solution in water. The locality in which this curious pheno- 
menon is developed is of comparatively limited extent, chiefly in the neighbourhood of the villages 
of Monte Cerboli, Castelnuovo, and Monte Eotondo, lying between Massa Marittima and Volterra. 
The sides of mauy of the valleys of tributaries of the river Cecina are studded with vapour vents 
(soffioni), and with ponds of boiling muddy blue water {lagoni). These have the same general 
direction as the axis of the Appennines, are in close proximity to Miocene serpentine eruptions, 
and are intimately connected with recent earthquakes. Boracic acid has never been found in a solid 
state at any depth to which search has been made; its origin is, therefore, somewhat a matter of specu- 
lation. Two distinct theories have been adduced to account for its presence as an absorbed gas at or 
near surface : — (1.) It may result from the double decomposition of water and a volatile boracic salt ; 
in support of which view, the acid appears only when water is present. (2.) It may be caused by the 
reaction of sulphuric acid on mineral borates, such as tourmaline (containing 1 • 9 to 4 • 2 per cent, 
of boracic acid). This supposition is strengthened by the fact that the neighbouring granite is so 
rich in this mineral as to be named “ tourmaliniferous.” It is to be noticed that rmtil water 
is introduced into the vapour vents, the presence of boracic acid is not manifest. Mineral borates 
existing at a depth in the earth would remain unaffected by the contact of sulphurous, or even 
sulphuric, acid in presence of a high temperature ; but the admission of water would lower the 
temperature, and call into play the influence of the sulphuric acid, by which the boracic acid would 
be liberated from its compounds, and would be ejected in combination with the water and steam. 
The presence of sulphuric acid is abundantly testified by the frequency of such minerals as 
sulphates of ammonia, and of lime, alum, gypsum, &c., around the lagoni. 

It is now necessary to repeat in a few words the threadbare history of the utilization of this 
apparently inexhaSstible source of boracic acid. The discovery of the acid in the waters of the 
lagoni of Monte Botondo and Castelnuovo was made about a century ago, and in 1818, the first 
attempt was made to recover the acid from its aqueous solution. About 3J tons of very crude 
crystalline acid was obtained as the result of nine and a half months’ working, and was exported to 





528 


BOEAX. 


France. For nine years the undertaking was continued, but with very little profit to the proprietor, 
on account of the immense outlay needed for firewood, which was naturally very scarce in such a 
volcanic district. The turning-point in the success of the industry was the happy idea of 
economizing the heat contained in the steam which escapes from the soffioni, for the purpose of con- 
centrating, by evaporation, the very dilute solutions of boracic acid represented by the waters of the 
laijont. 

There are about a dozen places whore the production of boracic acid is now carried on. 

1. Lardarello, or Lagoni of Monte Cerboli. 

2. Oastelnuovo, Val di Cecina. 

3. Lustignano, Lagoni Kossi. 

4. Serrazeano, Lagoni Solforei. 

5. Sasso, Lagoni di Acquavita. 

6. Monte Eotondo, Lagoni della Pianacce. 

7. II Lago, including San Federigo, San Eduardo, and La Collachia. 

These all belong to Count Lardarel, and are situated within a few miles of the little commune 
of Oastelnuovo, in the government of Leghorn. Lardarello is the principal establishment, and the 
produce of the other works is taken there for preparation. 

8. II Lago Solforei di Vecchiena, at the Lake of Monte Eotondo, the property of M. Durval. 

9. I Lagoni delle Galleraje, at Travale, the property of an Italian Company, the Societa 
Ammonia Boiica Travalese. 

The system of working is practically identical at all the establishments, except the last 
named. A description of Lardarello, the principal, will therefore sufSce for the others. A little to 
the south of the village of Lardarello, groups of half-a-dozen or more lagoni are seen pitted about 
on the hill-slopes. These lagoni are formed in the following way. A space is chosen where several 
soffioni are situated in convenient proximity to each other. A quantity of clay is then dug out, so as 
to leave a hollow of more or less circular shape, enclosing the oiifices of the soffioni. The sides of 
this artificial basin are strengthened by rough masonry, but the bottom requires no such lining. 
The depth varies from 4 or 6 feet to nearly as many yards, the c.ipaoity of tire basin requiring to 
be carefully adjusted to the fore>e of the vapours issuing from the soffioni whicli it includes. 
IVhilst the workmen are engaged in excavating the basin, they are protected from the scalding 
infiuence of the vapours, by means of small wooden chimneys, placed over the vents, so as to 
conduct the steam, &o., into the atmosphere at a sufficient height above them. Chains of basins are 
thus made on the hill-sides, the members of each set of half-a-dozen or so being arranged in terrace- 
like order, and connected by little canals. Having completed a series of basins, the next step is to 
transform them into lagoni or pools, by introducing water. This is conducted, by a channel, from 
any suitable source to the topmost of the series of basins. Percolating through the natural fissures 
in the bottom of the basin, it comes into contact with heated gases and rocks, and is immediately 
converted into steam, which is re-ejected with considerable force, and is recondensed in the body 
of cold water lying in the basin. After remaining in the basin for twenty-four hours, constantly 
agitated by the escape of subterranean vapours, the water acquires a slate-blue colour, and is there- 
upon run from the first basin, by a little chaimel, to tlie next lower in the series. Thus the second 
basin assumes the character of a lagone, and is made to furnish its due proportion of boracic acid. 
Here, also, tlie water remains for twenty-four hours, and so on with each basin of the series, a fresh 
supply being admitted to the topmost as fast as it is run off to the next. Additional portions of 
boracic acid are absorbed by the water during each stage of its Journey, tdl finally it contains about 
0-50 per cent, of the acid in solution. The temperature of the liquid is above 100° (212° F.), and 
dense volumes of steam are given off in its passage. While still boiling, it is conducted by a pipe 



A to the msco (see Fig. 380), a tank about 66 ft. square and 18 in. deep, coveftd by a tiled roof 
supported on slight brick pillars. Here it is aUowCd to settle ; the impurities held mechanically in 
suspension — clay and insoluble sulphates— soon precipitate themselves, and the water is run off 
from the tank in a clean state. 
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The next step is the concentration of this dilute solution of boracio acid, which is performed in 
a series of evaporating pans, in an adjoining building, shown in elevation in the same figure. 
These “Adrian evaporators,” as they are called. Figs. 387, 388, consist of three parallel rosrs 
of shallow leaden divisions, named scanelli, each one of which is ^ in. lower than that preceding it, 
and separated only by a leaden partition J in. broad and of about the same depth. These scanelli. 


38 ?. 



or pans, a, are about 200 ft. in length by 8 ft. 4 in. to 10 ft in breadth, and are arranged under a 
roof h, supported on light brick pillars c, which sufiSces to keep ont the rain, without impeding the 
process of evaporation. The divisions of the scanelli run transversely, and measure about 2 ft. 7 in. 
to 3 ft. 4 in. in width ; the partitions are about 2 in. high, and the pans are placed at a slight 
inclination, to favour the flow of the wafer. By a reference to Fig. 387, it will be seen that the 
scanelli rest on beams over a low vaulted steam chamber e, lined with hydraulic cement, to protect 
the masonry and retain the heat, derived through pipes, from soffioni. The supply of heated vapours 
was first obtained by vaulting over a natural soffione with a rough stonework dome. Fig. 386, about 
10 ft. high, firmly bound with wronght-iron bars. The admission of a little water produced a 
considerable head of steam, which was led by the pipe / into the vaulted chamber e (Fig. 387), 
and, having traversed it, was allowed to escape by the chimney g. It was soon found, however, 
that these domes were liable to be undermined by the action of the vapours, and in place of 
them, the plan is adopted of connecting steam pipes with the tube of an artificial boring, which 
renders the apparatus more convenient, neater, and 

easier of control. These artificial soffioni are bored, 389. 


with the tools shown in Fig. 389, to a diameter of 
10 or 12 in., and are lined with sheet-iron tubing. 
The evaporating process is conducted as follows : — 




At the same time that steam is admitted to the 


chamber e, a tap is opened, by which the dilute aqueous solution of boracic acid flows from the vasco 
into the first scanello, the quantity being nicely regulated. As it passes slowly from one pan to 
another, much of the water is evaporated, the colour of the liquid changes gradually to a bright 


yellow, a peculiar odour is generated, 
and the solution becomes much more 
concentrated. This constitutes the 
secret of the success of the under- 
taking ; what occupied sixty-two hours 
to evaporate with artificial fuel, is 
effected in twelve hours by natural 
means, at infinitely less cost. 

Being thus concentrated, the liquid 
is run into a large, deep reservoir, 
the caldaja a sale, d (Figs. 387, 388), 
whence it is pumped up every twenty- 


390 . 



four hours, and conducted by a wooden 

pipe to the bollajo, or^rystallizing house, in which are arranged a number of large tonne or vats i 
(Figs. 390, 391), about 3 ft. 4 in. in diameter. When they are to be filled, the plugs situated over 
the centre of each vat are removed from the pipe A, which runs round the room. The liquor 
remains here for four days, during which time the boracic acid crystallizes at the bottom and sides 

2 u 
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of the vats, to a thickness of some inches ; the remaining liquid is then drawn off, by removing 
a second plug near the bottom of each vat, and finds its way along a drain to the evaporating house. 
Fresh liquid is then admitted to the tonne, and the process is repeated, till they are filled with 
hexagonal crystals of boracic acid, 
having the size and appearance of 
wafers, with a pearly lustre. As 
these crystals retain a large 
quantity of water, on removal from 
the vats, they are placed in large 
wicker baskets, called corhelli, to 
drain, and are afterwards spread in 
thin layers on the floor of a large 
airy chamber, the asciugatojo, or 
drying room. Fig. 392. The floor 
is formed of brickwork, and is 
heated, like tlie evaporators, by a 
steam chamber beneath. The crystals are repeatedly stirred with a wooden rake, losing their 
sharp angles, and separating in great measure from each other. When dry, they are shovelled up 
into large barrels, containing from 12 to 13J cwt. (about 600 kilos., or 2000 Tuscan lb.), and con- 
veyed to Leghorn, whence the greater part is exported to England. The boracic acid produced 
in this way is far from pure. Au analysis of it, in 1812, gave — 


392 . 



Crystallized boracic acid .. .. 76’ 491 

Sulphate of ammonia 8 ‘508 

„ magnesia .. .. 2 ’632 

„ lime 1-018 

' „ soda 0-917 

,, potash 0-369 

„ iron 0-365 

„ alumiua 0-320 


Chloride of ammonium . . . . 0 - 298 

Water of crystallization of these 

salts 6-557 

Silicic acid 1-200 

Sulphuric acid combined with 

boracic acid 1-322 

Organic matters traces 


Latterly the amount of foreign salts has much decreased, and the impurities do not now exceed 
about 13 per cent., chiefly sulphate of lime, ammonia, alumina, and magnesia. The acid crystals 
are imported in their crude state, and are here purified by repeated crystallization. 

At the Lardarello works, there are twelve evaporating sheds, containing thirty-five evaporators. 
The average daily production is about 3 tons, sometimes reaching as much as 4 tons. At Cas- 
telnuovo, the average production is about 27 tons a month, and at the other works still less. 
The total annual production of Count Lardarel’s property is now about 3000 tons. From 1818 to 
1845, it averaged about 900 tons per annum ; from 1816 to 1850, about 1000 tons ; between 1857 
and 1859, it rose gradually from 1100 to 2000 tons a year. 

M. Durval’s property at the lake of Monte Rotondo is about 18 acres in extent. The water 
contains about 0-002 per cent, of boracic acid. The prepared acid has a maximum of about 15 per 
cent, of impurities, chiefly sulphates of ammonia, alumina, and magnesia, with hydrochloric acid, 
free sulphuric acid, and traces of organic matter. The process employed is identical with that at 
Lardarello. The produce is sent almost exclusively to French markets. 

The waters of the lagoni at Travale contain boracic acid in much less proportions than in 
the districts already described. The pools are situated at a short distance from the village of 
Travale, in the valley of the Sajo, a little stream feeding the Teccia and Mcrse, tributaries of the 
Ombrone. All the soffioni here have been produced by boring, some of the bores having a diameter 
of 16 in. Water is usually met with at a depth of 50 to 70 ft., though in one place a depth of 560 ft. 
was reached before the subterranean springs were tapped. At the Lagoni delle Galleraje, the 
waters contain sulphate of ammonia, in the proportion of about 1 grain to the pint, associated 
with the boracic acid. These products are extracted from the waters by an evaporating apparatus 
heated by the vapours from the soffioni; but the profit derived from the manufacture of the 
sulphate of ammonia is very small, as the cost of production equals that of the boracic acid, 
while the commercial value is only about one quarter. The boring of II Foro Carlo, 210 ft. deep, 
yields per twenty-four hours about 132,144 gallons of water, at a temperature of 96° (205° F.), 
containing in solution about 260 milligrammes (say 4 grains) of boracic acid per litre (1-76 pint). 
The water rises to the surface as in an artesian well ; only about one-sixth of the supply is at 
present utilized. There is no basin, the water being led away directly, by cast-iron pipes, 
from the bore hole to the precipitating tank, 60 ft. long, 45 ft. wide, andrf ft 8 in. deep. An 
improvement lately introduced here consists in heating the water in the tank, by pipes fed with 
vapour from a dry soffione, II Foro Filippo, by which means a certain amount of water is evapo- 
rated from the tank, and the solution is thereby concentrated to 400 milligrammes (6 grains) per 



BOBAX. 


531 


litra The boring of II Foro Filippo is 210 ft. in depth, and the temperature of the water in the 
tank is maintained at 91° (202° F.). The solution, having a specific gravity of 11° Baame', is 
conducted in the usual way to the evaporators, which resemble those at Lardarello, the tempe- 
rature being retained at 76° (169° F.). Having traversed the entire length of the pans, the 
liquid is received in the tank at the lower end with a density of from 12° to 50° Beaume, and is 
crystallized, dried, and packed in the ordinary manner. The evaporating house contains three 
rows of evaporators, 207 ft. in length and 10 ft. in width. The produce is about 57^ lb. per diem. 

The crater of Volcano, one of the Lipari group, is the seat of similar volcanic phenomena, by 
which a large amount of boracic acid vapour is generated. Till within a few years of the present 
time, the products from this source were very crudely gathered, by means of convict labour ; but 
since the property has passed into the hands of a British capitalist, proper appliances have been 
erected for collecting and concentrating the acid, and utilizing the other substances produced. 
There is nothing in these constructions which calls for detailed description. England annually 
imports some few thousand pounds of the crystallized acid from this source. 

The great potassic salt-beds of Prussia, Anhalt, and Saxony, representing in all probability the 
upper deposit of a large lake, and resulting from natural evaporating and crystallizing processes 
protracted over a space of some thousands of years, are another source of boi acic minerals. The 
borders of this vast deposit are composed of the less soluble potash salt called kainite, which is a 
double sulphate of potash and magnesia ; while in the interior, the minera clarnallite, a double 
chloride of potash and magnesia, is met with. It would seem from this, that the less soluble salts 
were first deposited, while the more soluble still remained in solution in the deepest parts of the 
basin. 

The extensive boring operations, successfully undertaken here by the Continental Diamond 
Eoek-boring Company, afibrd valuable and interesting details of the strata constituting the forma- 
tion. The first bore was put down at the supposed edge of the ancient salt lake. It penetrated 
New Red Sandstone (about 680 ft.), then gypsum and anhydrite (97 ft.), to the salt clay layer which 
is the characteristic overlying stratum of the potash salts, and generally supposed to have been the 
means of preserving them from denudation. Next came a layer of impure coloured salts, forming 
the transitory covering of the valuable potash salts, and at 835 ft, the pure kainite layer was struck, 
and sunk through for about 50 ft. In this kainite bed, are found not inconsiderable quantities of 
boracite, chiefly in small nests or nodules in the upper part of the bed. It also occurs in nodules in 
the oarnallite. 

When in a pure condition, this so-called Stassfurtite, or Stassfurt boracite, consists of boracic 
acid, magnesia, and chloride of magnesium. In its raw state, however, it is usually much conta- 
minated with foreign s.Uts, sometimes to the extent of 50 per cent. The following analysis is stated, 
by Dr. Krause, to fairly represent the composition of the raw product as brought to market ; — 


Boracic acid 52 • 39 per cent. 

Magnesia 23" 13 ., 

Chloride of magnesium . . 12-14 „ 

„ potash .. .. 3-46 „ 


Chloride of soda 
Sulphate of magnesia 
Sesquioxide of iron 
Water 


1 ■ 28 per cent. 
0-87 „ 

0-71 „ 

6-02 „ 


In other words, the percentage of borate of magnesia present is about 85. In order to extract 
the boracic acid from the mineral, it is washed and dried, then coarsely ground ; about 237 lb. 
(105 kilos.) are then placed in a leaden pan, with so much water as to render the mass pasty, but not 
sufficient to cover it. The pan is built in over a grate, so that it can be heated from below without 
the flame coming into actual contact with it, and rests on fire-clay slabs, or (less advisedly) on cast- 
iron plates. Several pans are placed in a row, and heated by the same fire. The paste is con- 
stantly stirred with a wooden spatula, and after one to two hours, the solution is run out through 
a li-lj-in. hole in the bottom of the pan. This opening is fitted inside with a strainer, whose 
mesh does not exceed 0-04 in., which holds back the powder; it is closed on the outside 
with a wooden plug, or, better, by a leaden valve made air-tight with indiarubber. The first 
muddy portion of the outflowing liquid is thrown back, to prevent any waste of materials. When 
the liquid has thoroughly drained ofl", 20-30 pints of water at a time are passed over the surface of 
the sediment, and allowed to run rapidly through. The outlet is again closed and the sediment is 
well mixed with about 66 gallons (300 litres) of water ; after which is added 330 lb. (150 kilos.) of 
crude hydrochloric acid of 1-16 sp. gr., and the whole is well stirred. The pans are again heated, 
care being taken that the contents of the first do not reach a temperature above 66° (150° F.). 
Before solution takes place, an occasional stirring is necessary ; but as soon as it has finished, the 
fire is withdrawn, the liquor is allowed to settle for a few minutes, and is then let out, through 
the opening, into s^ne or iron crystallizing vessels. The impurities will have been deposited in the 
pan, and the outflowing liquor should be clear. While the solution is becoming perfectly cool, the 
pans are cleaned out and refilled. When the boracic acid has crystallized out, which it does at a 
temperature of 15°-20° (59°-68° F,), or less, the lye is let off; the acid is pressed between cloths, 
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rinsed with a little clean water, again pressed, and dried. Instead of pressing the acid, it may be 
drained, to free it from the lye. The first and most important crop of boraoic acid crystals are thus 
got quite clean. The lyes are mixed and evaporated as often as any boracic acid crystallizes out. 
The last small proportion thus extracted, containing 5-10 per cent, of foreign salts, is either placed 
separately from the clean product and valued accordingly, or is thrown into the next panful 
of solution. The final lye is allowed to run away, or it may he evaporated down to 45° B. 
(1'321 sp. gr.) and an impure chloride of magnesia be obtained from it. In the latter case, the 
solution, while stUl hot, is run into strong vessels, where it will form a solid mass after several 


hours’ rest. 

The cost of the manufacture, as above described, is estimated to he as follows ; — 

£ t. d. 

231 lb. (105 kilos.) Stassfurtite (about 45s. lOd. per cwt.) 4 14 6 

Carriage, grinding, and loss . • • • 16 

330 lb. (150 kilos.) hydrochloric acid (about 3s. 5d. per cwt.) .. .. 10 0 

Coal, labour, and wear and tear 5 0 

£5 11 0 

Yielding ; — 

£ ». d. 

176 lb. (80 kilos.) boracic acid (about 91s. 8tJ. per cwt.) 740 

330 lb. (150 kilos.) chloride magnesium (about Is. 4d. per cwt.) .. .. 3 11 

£7 7 11 


giving a profit of 363. lid. It is probable that a greater yield of boracic acid would be obtained in 
practice. 

The following attempt was made to manufacture borax direct from Stassfurtite. About 231 lb. 
(105 kilos.) of the commercial mineral were treated as in the first stage of the process for extracting 
boracic acid. The washing out of the foreign salts was performed in a cast-iron retort, walled in 
after the manner of the leaden pan before mentioned. The direct play of the fire on the retort must 
be avoided, otherwise it is impossible to prevent the powdered mineral from burning on to the 
bottom. After the lye was run ofif, through an opening at the bottom of the retort fitted with a 
strainer, the hole was reclosed, and over the paste was poured 660 lb. (300 kilos.) of crude caustic 
soda lye of sp. gr. 1 ‘33. The whole was thoroughly mixed with a wooden spatula, and heated up. 
It was necessary to stir up the mixture from time to time, to ensure the complete decomposition of 
the mineral. After an hour, about 44 gallons (200 litres) of water were added, the mass was 
mixed, and allowed to boil off again, and the fire was then withdrawn, or rather, allowed gradually 
to die out. 

As regards the density of the solution : for making prismatic borax, it should be about 20°-22° B- 
(1’161-1'180 sp.gr.) at 27° (80° F.) ; for octahedral borax, l’263sp. gr. at 76° (169° F.), the 
addition of more alkali to the solution being necessary. For this purpose, soda will do equally 
well. The contents of the retorts are allowed to settle for three to four hours, whereupon the liquid 
is removed, either through an opening in the top, or by means of a siphon. It is then poured 
through felt into iron (or lead-lined wooden) crystallizing vessels. The lye remains for eight to 
fourteen days in these ; it is then drawn off, and again evaporated. The crystals of borax finally 
obtained are almost chemically pure. 

The remaining sediment is collected, and treated in bulk with hot water, the lye is run off 
after the powder has settled, and fresh water is again applied. The united liquors are evaporated. 
The then remaining sediment contains hardly any borax. In making borax direct, much more 
attention has to be paid to the conduct of the operation than is the case with extracting the boracic 


acid. 

The cost of the manufacture is thus stated : — 

£ 3 . d. 

231 lb. (105 kilos.) Stassfurtite (about 45s. lOd. per cwt.) 4 14 6 

Carriage, grinding, and loss ; .. .. 3 0 

6C0 lb. (300 kilos.) caustic soda lye (about 20s. 4(f. per cwt.) .. .. 6 0 0 

Coal, labour, and wear and tear 5 6 


£11 3 0 


The value of the 202 lb. (92 kilos.) borax (say 61. 98.), and of the magnesite produced is more than 
a third less than the above estimated cost. In order to derive any profit fron# the manufacture, 
it would be necessary, if possible, to reduce the consumption of caustic soda lye to the equivalent 
(say 110-150 kilos ), and it may be more economically manufactured than purchased. Efforts may 
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be made, too, in the direction of replacing the caustic soda lye entirely or partially by carbonate 
of soda. 

AnKjng the minor occurrences of boracic acid or minerals in Europe, which are not the subject 
of commercial undertakings, may be mentioned boracite at Liineberg in Hanover, and at Halber- 
stadt in Transylvania. The acid, either free or combined, is present in a great number of mineral 
waters, though not in siifBcient abundance to be a source of manufacture ; allusion may especially 
be made to Vichy, Carlsbad, and Fachingen (Nassau). During a long stay in Iceland, one of the 
most volcanic islands in the world, the writer made particnlar search for borax, analyzing some 
scores of samples of water from the mineral springs and boiling mud wells which characterize it ; 
but the results were singularly disappointing and contrary to expectation. 

2. Asia. — Borax (borate of soda) has been imported from Asia, from the earliest times, under one 
of its local names, tiitkal. Before the utilization of the Tuscan boracic acid, no other source than 
Asia was known, and even the now familiar word borax is of Arabic origin. The modern discoveries 
of boracic compounds in less inaccessible parts of the world have done much to cripple the growth 
of the Asiatic product ; but we still import considerable quantities from our Indian Empire. By 
many authorities, the salt is stated as an Indian product; this is not the case, it is entirely of 
trans-Himalayau origin. Stretching from Leh eastwards along the conrse of the Sutlej and the 
Brahmaputra, is a line of lakes, about a thousand miles in length, more or less explored. Many of 
these lakes are salt in a marked degree, have no outlet, lie at a high altitude, and are fed in a great 
measure by subterranean infiltration. Those situated in Ladak and Great Thibet, are the source 
of the so-called “ East Indian tincal.” 

The most westerly deposits are those found in the uninhabited lake-plain of Pngha, in the 
former country. It lies at an elevation of over 15,000 ft. above the sea, on the Rnlangchu, a small 
stream full of hot springs, joining the Indus on its left bank. The portion of the valley where the 
tincal is found may be roughly stated at 2 miles in length by j mUe in breadth, and, if not watered 
by, it is at least under the influence of, hot springs, whose temperatures in four places vary from 
54° to 75° (130°-167° F.), while the temperature of the stream fed by them reaches 13° (56° F.) 
in July. A sulphur mine exists on the banks of the stream, and numbers of coarse garnets are 
found in the neighbourhood. The deposit of impure borax, locally known as sohnga, has a thick- 
ness of several feet. It does not effloresce on the surface of the soil, as has sometimes been said ; 
nevertheless a saline efflorescence, composed principally of sulphate and sesqui-carbonate of soda, 
with more or less chloride of sodium, always indicates the existence of the subjacent beds of borax. 
The natives exhibit considerable skill in removing the valueless efflorescence and collecting the 
borax beneath, employing a kind of wooden spoon or spatula. The gathering of the mineral 
cannot be carried on at all times ; on the contrary, each crop, as it may be termed, is dependent 
upon a catalytic action resulting from wet and subsequent evaporation, and having the effect of 
separating the borax from its impurities. The borax appears as a greasy substance, in a confused 
crystalline mass, of yellowish-green to diity- white or grey colour, and is divided by the natives into 
three qualities. These, according to somewhat untrustworthy evidence, have about the following 
composition : — No. 1. Pure borax, from 68 to 85 per cent. ; chloride of sodium, 4 to 5 per cent. ; 
sulphate of soda, traces to 6 per cent. No. 2. Pure borax, 50 to 72 per cent. ; chloride of sodium, 
5 to 6 per cent. ; sulphates of soda and lime, 10 to 20 per cent. This latter is in a powdery form. 
These two qualities are said to be generally mixed together, so as to yield an average of 70 to 72 
per cent, of borax. The third quality is too impure for removal, and is left at the surface to cleanse 
itself by the natural process already mentioned. As artificial flooding has never been resorted to, 
the harvesting operation must be postponed till the occurrence of a natural downfall, which, at this 
elevation, usually takes the form of snow. The moisture sinks into the earth, taking up the 
impurities in its passage, as they are much more soluble than the borax. Under the influence of 
the sun, the soil dries up again, and the dissolved salts effloresce on the surface, while the borax, 
thus naturally (partially) purified, remains below. About ten or twelve days are allowed to elapse, 
after the downfall ceases, before the gathering of the crop is commenced. During the hot months 
of July and August, the production could probably be much increased or hastened by artificially 
flooding the ground. Frost causes a total suspension of operations for a great part of the year. The 
depth to which the borax-yielding earths extend has never been ascertained ; but there is no doubt 
that they must exist in enormous, probably inexhaustible, quantities. The thickness of each crop 
of borax does not exceed about 2 or 3 in., the effect of the catalytic action being limited to that 
depth ; the lower portion of the deposit, which is still impure, is. exposed to the surface by the 
removal of each crop. The quality of the borax earth is roughly judged by its hardness and 
weight. One man can collect a maund (about 80 lb.) in a day ; it is filled into little woollen bags, 
holding about 25 to^O lb. each. 

The people wlio engage in the sohaga — thus the crude borax is termed in the plain dialect, and 
tohalleh by the Thibetans — trade are chiefly Kanawaris and Khampos, a class of wandering traders of 
Lahaul, Thibet, and Spiti. In the summer, they resort to the Pugha and similar districts, and there 
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load their sheep and goats with the mineral, returning in the autumn, before the passes are closed, 
to the lower hills, where they remain during the winter, pasturing their flocks, refining the sohaga, 
and bartering it for goods which they carry hack in the following summer. All traders have a 
right to collect borax on payment of a fee of 1 rupee (nominally 2s.) in coin or goods for every three 
bags of about 25 to 30 lb. The total production of this district has been placed roughly at 
20,000 hicha numnds of 32 lb. each, or say nearly 30 tons annually. In 1850, the price paid for the 
sohaga in barter was only 1 rupee for a pitcka maund (80 lb.), or about 56s. per ton ; but two 
years later, under the stimulus of export, it reached about 62s. 3a. per ton. These are the prices 
in loco. The difficulty, danger, and cost of transport raise the latter figure to 21i. 18s. per ton of 
sohaga at Kulu, and to -12Z. per ton of cleaned borax at Kudli, Sisova, or Teki, in the lower hills. 

The purification of the crude sohaga from this district is carried on chiefly in the neighbourhood 
of Sabatha, Bhaji, (S:c., in the lower hills, where wood, and winter grazing for the carriers’ flocks, is 
procurable. The native processes of purification wiU be described further on. 

Passing eastwards from the Pugha district, the next important source of borax is the lakes of 
Eudokh, where a superior quality, locally termed chti tsule (water borax), is found. The interval 
between this point and the large lake of Tengri-Nur is not much known. The Pangong lake is 
reported saline ; near Lumadodmo, are sever.d small saline lakes, and in the vicinity are hot 
springs possessing medicinal properties ; the Purang Chaka lake is saline, and great quantities of 
borax, locally termed hul, are found lying all around it, in beds varying from 2 to 10 feet in thick- 
ness, and of light, loose consistency ; at Hissik Chaka, is a small saline lake ; and, at Tong Cho 
Chaka, a much larger one. It is impossible to say whether any borax will be found in those lakes 
which are simply recorded as saline. The chain of saline lakes is terminated on the east by the 
Tengri-Nur, lying to the north of Lhasa (nearly 100 miles), and at an elevation of over 15,000 ft. 
The lake is of very considerable size, and is encompassed on all sides by rocky hills. Very few 
st^pams flow into the lake, whose waters are principally supplied by springs, and are subject to 
very little rise or fall. There is no outlet. The crude borax, or tshoochal, as it is called by the 
Thibetans {teUga in the plains), is deposited in the bed of the lake, never in dry ground nor in 
high situations, nor universally distributed over the lake bed even, hut only on the borders of the 
lake and in the shallowest depths. The bed of the lake is said to deepen gradually towards the 
centre, where great quantities of common salt are found, the depths being as completely 
monopolized by that substance as the shallows are by the borax. This latter is ilug up in large 
crystalline masses, which are afterwards broken for convenience in transport. Here, as elsewhere, 
the supply seems inexhaustible, inasmuch as the holes from which the mineral is extracted soon 
become refilled. The lake is frozen as eaily as October, and remains so for a great portion of the 
year, during which, operations ate suspended. Borax is also found by the lake Bui Cho, a little to 
the north of the Tengri-Nur. It measures about 6 miles by 5 miles, and has no outlet; geysirs or 
spouting hotsprings are found in tlie neighbourhood. The same saline deserts are found in 
Tartary, on the territory of the Mongols of Tsaidam. Holes 2 or 3 ft. deep are dug in the arid, 
sterile soil, wherein the tincal collects and is periodically gathered. Southwards again from 
Lhasa, is another lake, the Yamdok Cho or Palte, over 13,000 ft. above sea-level, whence borax has 
been obtained from time immemorial. 

The raw tincal is sometimes submitted by the carriers to a refining process, and is then known 
as “refined East Indian borax.” This process generally consists in dissolving the crude substance 
in two parts of hot, or ten parts of cold, water, and then allowing it to crystallize. The tshoochal has 
to be broken up first, on account of its hardness. Formerly the crude tincal used to be covered 
over with ghee (clarified liquid butter from buffalo milk), to prevent deliquescence in damp 
weather ; but this practice has been partially, if not entirely abandoned. An improved process of 
purification adopted at Jagadri is as follows : — One maund of tincal is mixed with double its weight 
of water, placed in an iron pot over a fire, and then boiled for two to two and a half hours ; when 
the whole has boiled down to a fourth of its original bulk, it is removed from the fire and poured into 
earthen jars (sabucha)-, after three days, the impurities settle at the bottom, and the borax 
crystallizes above ; the water is then poured off, and the borax is taken out separately from the 
impurities, and dried. The product of refined borax obtained will depend upon the character of 
the raw material ; if of good quality, the yield will bo four-fifths ; if moderate, one half ; if 
inferior, two-fifths only. Part of the production from the western lakes finds its way down towards 
Bombay, but the hulk of it, together with all from the more eastern sources, goes to Jagadri (where 
it is purified), and thence rid Furruckabad or Mirzapur to Calcutta. The transport from the 
lower hills to Jagadri was, and probably still is, effected on pony or mule back; thence to 
Furruckabad, in hackeries or Indian bullock carts, 25 mounds being a load ; and finally by river 
craft to Calcutta. Thence it is shipped in double gunny-bags, containing 2 mounds, or 164 lb. 
each ; sometimes, in empty beer-casks. Before packing, it is often bulked, and mixed with mustard 
or rape oil and curd of milk, to prevent efflorescence during the long voyage, otherwise it is said to 
heat and crumble into powder. The tincal as imported into this country consists of a mass of little. 
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hard, loose crystals, varying in size from small shot to lentils, dirty white in colour, and more or less 
translucent. The “refined East Indian borax” comes in thin cakes of crystals more or less 
crumbled, whiter and more transparent than the tincal. Some manufiicturers prefer the finest 
tincal to the purified borax, as the former wUl often give 38 to 99 per cent, of pure borax, while the 
latter seldom reaches above 85 per cent., on account of containing large quantities of soda and 
moisture. 

The importations of Asiatic borax now bear but a small proportion to our total consumption. 
No doubt new sources will be opened up as the country becomes explored and new trade routes are 
made, and the production of already known sources could doubtless be much increased by scientific 
treatment; but there remain the terrible passes of the Himalayas to be crossed, by which the trade 
must for a long time be heavily handicapped in the competition with other countries. 

Among other Asiatic countries, Ceylon and China are said to produce borax ; but the amount is 
so small that it never finds its way to foreign markets. Future explorations may reveal larger 
deposits. Turning to Turkey, we find that in Asia Minor have been discovered important deposits 
of boracite (borate of magnesia). This valuable mineral occurs in nodules of 3 lb. and upwards, 
regularly disseminated through beds of gypsum. It has already become an article of export, 
though the industry has hardly had time to develop itself. Boracite is one of the richest boracic 
minerals, and it is hoped that it may be found in sufficient abundance to become the subject 
of systematic mining. 

3. Africa . — Africa is not known to possess any deposits of borax ; but it is possible that the 
rhodizite, or “African tincalzite,” as it has been called, a kind of boracite found on the west 
coast, may be discovered in such quantity as to repay working expenses. 

4. America {North ). — It is from the New World that the greater part of our supply of borax is at 
present drawn. The principal occurrence of boracic minerals in North America is on the Pacific slope, 
notably about the Sierra Nevada, and the Slate Range of California. In the State of Nevada, con- 
siderable beds have been worked. The Columbus district, Esmeralda County, contains, it is said, 
some 20,000 acres of rich borax laud, besides some thousands of acres of less rich deposits, which will 
only pay for collection during the driest seasons. The Columbus Valley, where the deposit is richest, 
is about 10 miles iu length and 7 miles in width, and entirely destitute of all but saline vegetation, 
being covered principally with light briny incrustations, though near the borders of the valley are 
wide stretches of drifting sands. Water is usually found at a depth of 2 ft., and. on the west side of 
the valley, is fit for drinking. Borates of lime are found in small quantities iu all parts of the 
valley, but chiefly at the northern extremity, where the wash from the hills is collected. Here they 
form a large bed, covered with a coating of salt. The accumulation varies in thickness with the 
moisture of the ground, increasing in warm, dry weather, and decreasing under tlie irjfluence 
of cold and wet. The whole surface is elevated several inches in the early part of the summer, and 
augments continually till the arrival of the first autumn rains. Its rise and fall are likened to the 
movements of a huge pan of dough Each alternation of weather adds to the thickness of the 
actual deposit, the process being evidently analogous to that already recorded of the Ladak beds. 
Where, in 1869, pieces of mineral only as large as walnuts were taken out of the prospecting holes, 
there is now said to be found a deposit varying from lumps as large as potatoes to a solid stratum 
2 ft. thick. A layer of salt a few inches thick underlies the borate bed, and is again underlaid by 
a band of sulphate of soda, beneath which, beds of clay and sand alternate to unknown depths. 
Borate of soda is also found in the marsh. The deposit lies at an elevation of about 3500 ft. above 
the sea, and is surrounded by mountains of old vulcanic formation, principally obsidian, basalt, and 
trachyte. Saline etfiorescences containing borates are common throughout, and doubtless form the 
source of the deposits in the basin, which receives the wash and percolation from the hills. The 
borate of lime is probably formed in situ by a process of double decomposition. It usually occurs 
in long, brilliant filaments in nodules ; but also in amorphous masses mixed with sand, and salts of 
soda. The borate of soda is said to be found on the surface as a crystalline effiorescence, resembling 
very fine snow, but yellowish white in colour ; it is sometimes a foot thick. 

The company working here have hitherto used only the borate of soda. This is raked together 
in heaps, with shovels of thin steel, made sharp at the edge for cutting off the saline herbs which 
grow abundantly on the spot. Care is taken to avoid the patches of salt, and sulphate of soda. The 
first is easily recognized by its taste, but the second is much more difficult of distinction by that 
means ; these salts, however, form crystals quite distinct in character from borax. The gathered 
borax is transported in carts, and spread on a large platform placed above wooden vats of some 
385 bushels capacity. These are filled with water, which is heated to boiling by an injection of 
steam. The crude borax is added by degrees, till the density of the mass reaches 1'241 sp. gr. 
— a concentration which would be much too great if borax alone were introduced ; but the sulphate 
of soda, and salt, well as the mud, and borate of lime in suspension, help to increase the density. 
When the boiling solution has reached this degree of strength, it is left ; the herbs floating on 
the surface are removed with a skimmer, and the liquor is run into crystallizing pans, by means 
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of indiarnbber tubing. The remoyal is performed with great care, so as to keep the liquid as clear 
as possible. The crystallizing tanks are large vats about 10 ft. long. 3 ft. 4 in. wide, and 6 ft. 8 in. 
deep. There the liquid cools slowly down to about 25° (77° F.), occupying six to ten days, according 
to the weather. When the temperature sinks below 28° (82° F.), the crystallization is carefully 
watched, that the mother-liquor may be run oif before the sulphate of soda is deposited ; no fear need 
be entertained of the precipitation of the salt present, as it requires a much lower temperature for 
crystallization. The point 77° F. being reached, a cork is withdrawn from the bottom of the vat, 
to allow the mother-liquor to escape. Mud, mixed with numerous crystals of borax, flows out at the 
same time ; these crystals are washed with the mother-liquor from a subsequent vat, and preserved 
for refining. This is a delicate operation, and soon gives the workmen rheumatism, from standing 
in the mud. A crust of borax, sometimes 6 in. thick, forms at the bottom of the vat, and is 
removed by picks. The presence of borate of lime makes the crystals adhere strongly to the sides of 
the vat. The borax is placed to dry on platforms, and, at the end of four or five days, is put into old 
coffee-sacks holding IJ cwt. The raw product yields about 30 per cent, of borax, and the cost of 
manufacture at these works is placed at 81. per ton. The cost of transport to rail is about lOf. 
per ton, and thence to San Francisco about 31. 10s. more. There it sells at about Is. 9d. per lb. 
Matters containing less than 50 per cent, of borax cannot be worked profitably here. 

The utilization of the borate of lime found in these deposits has been but little developed. 
When found pure, or nearly so, it is best shipped in a raw state, as the materials necessary for its 
conversion into borax, or for the extraction of its boracic acid, cannot be got in loco at a reasonable 
cost. Nevertheless an attempt was made to manufacture boracic acid from the mineral, in the 
following way. The borate is evaporated with sulphuric acid in leaden pans to the consistence of 
a thick paste, then run out and allowed to cool, by which it hardens. The mass is now placed in 
cast-iron cylinders htated to redness, while a current of steam passes through. The boracic acid is 
volatilized with the steam, and condensed in chambers lined with lead. To remove the sulphuric 
acid, the vapours are passed through a layer of coke arranged in the upper part of the cylinders, 
which reiluces the sulphuric acid to sulphurous. No fault was found with the processf but the cost 
of material was excessive, and left no profit. Should the discovery of native sulphur or pyrites in 
the neighbourhood permit the manufacture of sulphuric acid on the spot, operations might be 
profitably renewed. A sample taken from 14 tons of borate of lime from this district yielded : — 


Boracic acid 36 • 24 per cent. 

Lime 11 '10 „ 

Chlorides of sodium and 

potassium 6 ’25 „ 


Sulphate of soda .. .. 2'70 per cent. 

Sesquioxideofiron and alumina 2-25 „ 

Water 29-35 „ 

Insoluble residue ,, .. 12-15 


Fourteen miles north-west of this valley, in the same county, is a second borax field of several 
hundred acres. Native borax, in large white monoclinic crystals, is found in the mud near the 
surface of a marsh, which in rainy weather is covered witli water. The layer of borax (with other 
borates in less proportions) is from 6 in. to 1 ft. in depth. 

In Churchill county, are several extensive borate beds, the principal one being over 1000 acres 
in extent and covered with a deposit of borates of lime and soda which, though not heavy, can be 
gathered at little cost. Works have been put up to manufacture a ton of borax per diem. Smaller 
deposits are found throughout the neighbourhood. In the same county, is a lake about 1| mile in 
circumference, whose water is supersaturated with salts, principally borax. The basin of the lake 
is symmetrically oval, and lies 150 ft. below the level of the plain. It is probably an extinct crater ; 
it possesses neither outlet nor inlet, and is fed entirely by subterranean springs. By pumping out 
the water and evaporating it, the crude borates might be extracted. 

The neighbouring State of California contains saline lakes reaching to the southern boundary 
line of the United States. Of these, perhaps the best known is the great Borax Lake in the Slate 
Eange, about 400 miles south of San Francisco, and 140 miles north-east of Bakersfield. This 
wonderful formation was first explored by Mr. Arthur Robottom, an energetic and persevering 
pioneer of commerce, who has searched half the world for borax, and to whom the writer 
is indebted for much valuable information. The bike is about 15 miles long, and 8 miles 
across ; it contains immense saline deposits, which are also spread over part of the surroundino- 
valley, forming snow-white incrustations. The appearance of the neighbouring formation is said 
to indicate that the sea was once 60 ft. deep here over a large area, the ancient beach beino- 
plainly visible. Here, too, the borax and other salts seem to have quite distinct habitats. In 
one portion of the lake, is a reef of carbonate of soda, and near it, are a number of pyramids of the 
same product about 4 ft. high and 1 to 2 ft. thick. In the centre, is a ridge of common salt about 5 
miles long and 2 miles wide ; on one margin of the lake, is a bed of borax about 1000 acres in 
extent and 3 ft. thick ; and beneath this, a stratum composed of sulphate of soda jnd borate of soda, 
combined to form a solid mass almost as hard as stone, and varying in depth from 1 to 3 ft. The 
borate of soda is dirty coloured ; but the salt, lying above the level of the entire deposit, in some 
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plaoc-B to a thickness of 7 ft., is as white as snow. Between the borax bed and the salt ridge, are a 
few hundred acres of shallow water, very warm and filled with variegated crystals, which give the 
water a particoloirred appearance. Fig. 393 well illustrates the disposition of the various salts. 
The preparation of the borax found on this property is conducted as follows : — The crude borax is 
gathered, as free as possible from other salts, in cowhide baskets, which are emptied into carts, and 
their contents are thus conveyed to the boiling- 
establishment on the shores of the lake, which 
is the only building within many miles. The 
mineral is here deposited in vats of boiling 
water, and kept boiling for five hours, to re- 
move the impurities. The liquor contaimug 
the borax in solution is run into large zinc- 
lined coolers, where it crystallizes around the 
sides, and is then scraped off, packed in bags, 
and dispatched by mule teams to the nearest 
station on the Southern Pacific railroad, en route 
to San Francisco. 

Borax has also been found in Death Valley, 
about 32 miles farther east; but many years 
will probably elapse before it is utilized, on 
account of the natural obstacles presented by a waterless, treeless, salt-desert, which has proved 
the grave of many an emigrant. 

The second most important borax deposit of California is in Borax Lake (or Lake Kaysa, as it 
is called by the Indians), a pond covering 200-400 acres according to the season of the year, situated 
a short distance east of, and separated by a Cretaceous ridge from, the Clear Lake, about 110 miles 
north of San Francisco. According to John Arthur Phillips, Esq., F.G.8., who made a careful ex- 
amination of this property, the borax occurs chiefly in the form of crystals of various sizes imbedded 
in the mud of the bottom of the lake, which is found to be most productive to a depth of 3 to 3J ft., 
though the earth brought up by a boring rod, put down near the centre to a depth of 60 ft., is said 
to have afforded proportions of the salt throughout. The crystals are most abundant near the centre, 
and over about one-third of the surface; but they are also met with in the muddy deposit of other 
portions of the basin, some — in the richest part — ^being over 1 lb. in weight. The largest crystals 
are generally imbedded in a stiff blue clay, at a depth of 3 to 4 ft. ; a short distance above them, 
is a nearly pure stratum of smaller ones, 2J to 3 in. in thickness, in addition to which, crystals of 
various dimensions are found disseminated through the muddy bottom. Besides the borax thus 
existing in a crystalline form, the mud itself is highly charged, and when dried, yields (including 
the enclosed crystals) 17 '75 to 18 86 per cent, of borax. These figures refer to the portions of 
ground now being worked ; but the unworked portions also, though less productive, contain a 
large amount of borax. It has further been ascertained, by making pits on the lake shore, that 
clay containing a certain proportion of borax exists in the low ground, at a distance from the water’s 
edge. The borax is at present manufactured extensively from the native crude crystals, while the 
mud in which they are found is returned to the lake, after the mechanical separation of the crystals 
by washing, the mud being raised by sheet- iron cofferdams and a small dredging machine. It is 
evident that in this way only a portion of the borax is recovered. As to the extent of the deposit 
and its capabilities of production, Mr. Phillips furnishes the following data. The total extent of the 
muddy deposit consists of more than 300 acres; but supposing only 100 acres to be rich enough to 
pay for working, and that the depth is only 3J ft., there will be 565,000 cub. yds., or at least 
565,000 tons of wet mud, or say (allowing 60 per cent, of water) 226,000 tons of dry mud, contain- 
ing, according to mean analyses, 18'29 per cent, of borax ; but granting that only 12 per cent, is 
got out in practice, there will be a yield of 27,120 tons of crystallized borax, without considering 
some (estimated) 6000 tons existing in solution in the waters. But even this does not include the 
total productive capability, for it is evident that borax is constantly being formed, through 
the decomposition of the carbonate of soda abundantly contained in the waters of the lake, by 
boracic acid emitted from the sources beneath its bed, since large volumes of carbonic acid gas 
constantly escape from the surface. Another authority believes that the deposit would renew itself 
every two or three years. The borax, after boiling and crystallization, is packed in boxes of 
114 lb. weight for transport to San Francisco. Mr. Phillips estimated the production here at 
2500 lb. to 2800 lb. per diem, at a cost of about 18/. a ton. 

There is every probability that the dry lake beds farther towards the south-eastern extremity of 
the State will also be found to contain borax. Among the minor occurrences of boracic com- 
pounds in North Atlerica, may be mentioned Howlite, near Lake Superior and in Nova Scotia ; 
Ulexite, in Nova Scotia and Nevada; cryptomorphite, in Nevada and Oregon; borax, in Canada. 
Boracic acid exists as a constituent of mineral waters in California, Colorado, Nevada, Wyoming, 
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Maine, and Nova Scotia. Very appreciable qnantitiea of borates, apparently in the form of borate 
of soda, and perhaps of lime also, are found in the waters of the Pacific, from San Diego to the 
Straits of Fuca, becoming hardly perceptible beyond Oregon, and reaching a maximum near San 
Diego. Their presence cannot be traced seawards beyond the submarine ridge running parallel 
with the coast. Dr. Veateh considers their source as undoubtedly volcanic, and looks for the seat 
of the volcanic action in this submerged mountain range. 

5. America (^South). — An important source of boracic minerals has been found in the s din is of 
Soutli America, notably those on the Pacific face of the Cordillera of the Andes, in Peru, Bolivia, and 
ChUi. These salinas are later in age than the Tertiary deposits, and appear at intervals scattered 
over the whole of that portion of the western coast where no rain falls, stretching more than 
550 miles north and south, but exhibiting the greatest development between latitudes 19° and 25° 
south. They are generally superficial ; but occasionally reach to some slight depth below the crust, 
and may then be entirely covered over with diluvial detritus, always, however, giving signs of their 
existence by a saline efflorescence on the surface of the ground, which often covers vast plains as a 
white crystalline incrustation. The salts forming these salin is present combinations of the follow- 
ing minerals, in a more or less pure state : — Common salt. Epsom-salt, glauber-salt, thenordite, 
glauberite, soda-alum, magnesia-alum, gypsum, anhydrite, chloride of calcium, iodide aud bromide 
of sodium, carbonate and nitrate of soda, and, in some places, borate of lime and of soda. The 
boracic acid compounds are ascribed to volcanic causes, while all the other mineral substances 
present are such as would be left on evaporating sea-water, or by the mutual reactions of the saline 
matter (thus left by evaporation) on the organic matters and constituents of the adjacent rocks. In 
the presence of abundant evidence of the recent elevation of the coast, and the fact that no rain 
falls in these regions, it seems very reasonable to attribute the origin of these salinas to lagoons of 
salt water, cut ofl' by the rising of the land. 

The salinas are met with at three very different altitudes above the sea, viz. : — about 2500 ft. 
to 3500 ft. ; 7000 ft. to 8000 ft. ; and 12,500 ft. The first include the important beds of nitrate of 
soda, running from lat. 19° southwards into the northern part of the Desert of Atacama, showing 
themselves, according to the configuration of the country, at distances varying from 10 to 40 
miles inland. The boracic acid compounds met with are believed, by Professor Forbes, to be due to 
volcanic exh dations ; and the borate of lime, occurring in large quantities, appears to be indirectly 
produced by the condensed vapours of volcanic fumaroli, many of wliich are still in full activity in 
the district. The borate of lime is found only in the more elev.ated part of the salina, on its 
eastern side, where the rising ground begins to form the western slope of the adjacent cordillera. 
As volcanic action is developed on a grand scale in this range, such fumaroli forming lateral vents 
are very common, and it is to be expected that the waters coming down the slopes carry witli them 
in solution the boracic acid contained in the condensed vapours of the fumiro/i, which, coming into 
contact with the lime of the decomposed rocks of the plains below, would readily combine to form 
the nodules of borate of lime here found. Moreover, the borate deposits recede from the coast as 
they advance south, following the eastward trend of the volcanic formation. The second series of 
salinas are developed on a grand scale in the northern part of the Desert of Atacama, the principal 
one witli a length of more than 100 miles, and a widtii of 20 to 30 miles, and a smaller one farther 
south, about 30 mfles long and 12 miles wide. The third and highest series occur in a number of 
swamps, commencing at Laguna Blanca, and more or less developed all the way to Oruro, and 
thence past Sora-Sora far to the south. 

A section of the salina where fully developed shows the following strata : — 

1. The costra or crust, composed of earthy matters, angular pieces of rock-salt, and other saline 
matters. 

2. Caliche^ composed of granular layers of nitrate of soda, containing salt, other saline and 
earthy substances, and angular pieces of stone, often accompanied by much sulphate of soda and 
some magnesia-alum, mixed with earthy matters, as silica, alumina, carbonate and sulphate of 
lime ; also iodine, bromine, chlorine, and the boracic acid mineral locally known as tisa or tian. 

3. Coha, the general loose, earthy covering to the silico- calcareous and porphyritic rocks, in 
wliich the borate is found in nodules, from the size of a pea to 2 ft. in diameter j or in thin strise, 
with sulphate of lime. 

The best borate-bearing ground is fiat, and its surface is free from salt, the tisa making its appear- 
ance in nodules of all sizes, but generally that of a large potato. They are sparsely or plentifully 
imbedded in a now dry saline mud, which is, however, damp and even wet in some places from the 
percolation of water. Much glauberite, in large and small crystals, is sometimes combined with the 
borate ; while at other times, the strata is made up entirely of borate. Pure borate is found only in 
a few places ; that occurring under the salitres is accompanied by glauberite. 

As has been already remarked, the grade of the borate varies exceedingly, so that no general 
average composition can be given. This seems to be owing to the fact that where it occurs, are 
numerous deposits of chloride of calcium and sulphate of lime ; and, though no rain falls in the 



BOEAX. 


539 


district, the deposits retain sufficient moisture to keep them quite soft, like half-dried mud. The 
constitution of any compound resulting from a mixture of solutions of these salts must necessarily 
vary with their proportions. There is every probability that the formation of the mineral is due 
to precipitation, the after shrinking of such a gelatinous precipitate accounting for the nodular 
form in which it is found. It is easy to collect specimens with composition varying from almost 
pure bi-borate of soda to none at all, as in samples 5 and 9 (p. 526), which have evidently been 
formed from sulphate of lime, and an indefinite compound of soda with boracic acid, only a small 
part of the resulting sulphate of soda having drained off. Tlie richest specimens are probably 
formed, in the opinion of Mr. Walker, from chloride of calcium and a sodio-boracic salt, the 
resulting chloride of sodium, owing to its solubility at ordinary temperatures, draining off more 
readily than sulphate of soda under the same conditions. 

Strata of borate of lime, calculated at over 3.000,000 cub. yds. in extent, have been found in 
the dried-up lake bed of Maricunga, situated to the north-west of Copiapo, on the western slope of 
the Andes. The lake is situate at 12,000 ft. above the sea, and is entirely shut in by mountains 
of volcanic formation, abounding in trachyte and pumice. Borate of lime, in the form of white silky 
flakes, has been discovered suspended in the waters of the hot springs called Banos del Toro, in the 
Cordillera of Coquimbo. 

On the authority of Dr. Phipson, it forms an excellent flux for metallurgical purposes, and has 
been employed with success in the porcelain manufactories of Sevres; it appears capable of effec- 
tually replacing borax in all the applications of that salt. The boracic acid may be extracted from 
the mineral, by saturating the pulverized substance in boiling dilute hydrochloric acid. The clear 
solution is decanted while hot, and, upon cooling, the liquid throws down the boracic acid in large 
quantities. 

Test for Boracic Acid . — Macerate a small sample of the suspected mineral in alcohol, adding a 
little strong sulphuric acid, ignite the solution, and allow it to evaporate ; the merest trace of 
boracic acid, whether free or combined, will colour the flame green. 

Preparation of the Imported Articles . — The boracic compounds as imported are seldom in a fit 
state for use, and are therefore submitted to a preparative process after arrival in this country. 
The process of course varies with the substance ; thus, the boracic acid of Tuscany has to be con- 
verted into borax ; the tincal from Asia needs purification ; and the borates of lime require 
cleansing, or transformation into borate of soda. 

The manufacture of borax from the Tuscau boracic acid is performed in the following way : — 
About 23 cwt. of o.irbonate of soda crystals are placed in a large copper, or wooden vessel lined 
with lead, containing sucli a quantity of water as will raise the total weight to 2 tons. Heat is 
then applied, by the introduction of steam from a perforated coil lying at the bottom of the vessel, 
and the mass is then kept at the boiling point till all the soda is <lissolved. The crystals of boracic 
acid are then added, in instalments of 10 to 12 lb., till there is sufficient to complete the decom- 
position of the sodio carbonate— usually about 1 ton. Carbonic acid is disengaged with lively 
effervescence, and borate of soda (borax) remains in solution, the liquor exhibiting a specific 
gravity of 1-66 (33° Tw.) at the conclusion of the operation. The heating is then suspended, and 
the vessel is tightly closed, and left to stand for ten to twelve hours, at the end of which time the 
clear solution is run into shallow crystallizing pans. In cool weather, the crystallization usually 
occupies three or four days. The mother-liquor is siphoned off, and is put back into the copper to 
assist in the solution of more carbonate of soda. The resulting crystals of borax are redissolved in 
boiling water, to which is added about 1 cwt. of Ciirbonate of soda for each 2| tons of borax. The 
solution is heated to the boiling point acid is run into lead-lined inverted cones. These are covered 
with matting, in order to conserve the heat as long as possible, to prcxiuce large and well-defined 
crystals. At 30° (86° F.) the mother-liquor is run off, and the crystals, after standing a few hours 
to prevent their becoming friable, are carefully detached by means of a chisel. 

To avoid the tedious nature of the above operation, it has been proposed to calcine the native 
acid, with perfectly dry carbonate of soda, in a furnace at a red heat ; the result is a hard, spongy 
borax of excellent quality. But as the impurities inherent in the acid can only he eliminated by 
crystallizing the borax, the improvement on the older plan is not apparent. 

In making octahedral borax, the liquor most be run off to crystallize at 75° (167° F.), when the 
sp. gr. is 1'3 ; the mother-liquor is removed when its temperature is 55° (131° F.). The product is 
harder than ordinary borax, and coutains only half as much water. It is preferred for soldering 
purposes. 

The refining of tincal is performed by placing the crude mineral in pans, covering it with 
cold water to a height of 2 or 3 in. above the surface, and leaving it to stand for some hours. 
Eecently slaked lim^is then added, iu the proportion of 1 part to 400 parts of tincal ; the mixture 
is stirred, and left to stand for twelve hours ; it is then again strongly agitated, and the muddy 
supernatant liquor is decanted. This liquid is not thrown away, but is preserved to wash the impure 
borax, the solid matters in suspension being first separated by settlement and decantation. The 
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washing is continued with the same liquor, clarified by subsidence as often as applied, till it is no 
longer rendered turbid. In this way, a great portion of the fatty matter is washed away as an 
insoluble soap of lime. The salt thus purified is dissolved in parts of boiling water, to which 
has been added a solution of chloride of lime, containing 2 parts of that salt to 100 parts of tincal. 

A precipitate is thereby produced, consisting chiefly of insoluble soap of lime. The liquor is separated 
from the precipitate by filtration, and is evaporated down to a density of 1*14 or 1' 16; it is then 
run otf into crystallizing vessels, and is cooled very gradually, in order to produce large crystals. 

Borate of lime in a raw state has been used with fiiir success, as a substitute for borax, in porce- 
lain manufacture ; but it is liable to spoU the colour. When treated by the following process, 
however, it is found to be quite equal to the sodic salt. The mineral is levigated in a manner simitar 
to that adopted in colour works, and a small jet of steam is admitted into the dolly tub to promote 
purification. The sand and coarser impurities are separated in the dolly tub, while the finely 
divided borate of lime flows on through spouts into tanks ; there it subsides, leaving the soluble 
impurities in solution in the supernatant liquor, which is siphoned off. The borate of lime is dried 
in dishes in stoves, or in reverberatory furnaces, with a gentle surface heat, and is occasionally 
stirred about. For coarse ware and inferior glass, it suffices to wash off the sand, &c., adhering * 
to the crude nodules of mineral. In using this substance as a “ fret ” for potters, the consumption 
must be regulated so as to have the same proportion of boracic acid as would be represented by 
a specific quantity of borax. 

The extraction of boracic acid from borates of lime has been already described. There only 
remains to be mentioned a process sometimes employed for converting the borate of lime directly into 
borate of soda. This is effected in two ways, known respectively as “ wet ” and “ dry ” ; the first is 
peculiar to France, as the second is to England. The former closely resembles the manufacture of 
borax from Tuscan boracic acid, already detailed. The finely-powdered mineral is heated with 
water in a similar way, and a quantity of carbonate of soda is added, sufficient to neutralize the 
previously determined boracic acid present. Under the influence of the heat, a double decomposi- 
tion takes place, and when completed, the copious precipitate of carbonate of lime is allowed to 
subside, while the clear solution of borate of soda is decanted, concentrated, and crystallized. 
According to the second plan, a mixture of powdered borate of lime and carbonate of soda, with 
the addition of a little sand or other siliceous substance, is heated, in a reverberatory furnace, to a 
state of incipient fusion, and is then left to cool, after which the semi-fused mass is powdered, and 
the borax is extracted by lixiviation. 

Cfses. — The uses of borax are already very numerous, and they wiU doubtless increase in number 
and importance as the price is reduced by competition. Its chief application is for the glazing of 
all descriptions of pottery and chinaware, as well as for enamelling clock and watch faces, iron 
plates, &c. In welding processes, it is employed by blacksmiths, brass-founders, and electro- 
platers ; it is consumed in the manufacture of beads, glass, and cement. Dentists find it valuable 
in making the plates for artificial teeth ; plumbago pots will last much longer if first annealed 
in the oven, and then painted with a strong solution of borax. The antiseptic and disinfecting 
properties of borax have been, perhaps, too little appreciated, and its application in this direction 
may be extended indefinitely, especially for the preservation of meats, &c., and for the destruction of 
insect life on fruit trees. For household purposes, it is of unlimited value, and may with advantage 
be applied to most of the uses where soda is commonly employed. Its medicinal applications are 
very numerous ; and to the analytical chemist, it is an absolute essential. This part of the subject 
cannot be passed over without referring to Major Boss’s discovery (“ Pyrology ”) of the invaluable 
assistance rendered by borax in distinguishing the presence of the three natural alkalies — potash, 
soda, and lithia. 

The market prices of the various boracic compounds are approximately as follows : — 

Tincal, 28s. per cwt. ; refined East Indian borax, 28*. to 30s. ; Californian borax, 32s. ; Tuscan 
boracic acid crystals, 328. ; Tisa, 14s. ; English refined borax, 35s. ; ditto ground, 388. to 40s. 

As the imports of borax are no longer made a specific item in the Custom House returns, 
statistics on the subject are somewhat meagre and irregular. The total production of the Tuscan 
lagoons is estimated at 3000 to 4000 tons of boracic acid annually. The yield of the German 
boracite beds, from 1864 to 1874 both inclusive, was, at Stassfurt, 3141 cwt., and at Leopolds- 
hall, 203 cwt , or a total yearly average of but little over 300 cwt. of that mineral. The imports 
of borax from Asia into this country, in 1873-74, were 19,043 cwt., at an average value of 58s. 8jd. ; 
and, in 1874-5, 8,604 cwt., at 518. 6d. The export from Bengal ports, in 1874-5, was 8193 cwt., 
value 21,8351. ; and, in 1875-6, 11,490 cwt., value, 22,5331. According to American statistics, the 
export of borax from San Francisco, in 1873, was estimated at over 80,0001. worth ; and the total 
production, in 1876, was 46,258 cwt., of which England took 17,961 cwt. ;^he Atlantic States, 
15,161 cwt. : Germany, 1261 cwt. ; China and Japan, 890 cwt. In 1877, the shipments to the 
Atlantic States were 31,571 cwt. ; England, 14,058 cwt. ; Germany, 385 cwt. ; China and Japan, 
232 cwt. ; South America, 14 cwt. In the last-mentioned year, arrangements were made for 
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tnrning out 200 tons per mensem from the Californian lakes ; but this excessive production over- 
charged the markets, and in August, 1878, the two chief works in California agreed to limit their 
production to 120 tons each for the following year. The returns of South American exports are 
a little startling. In 1874, Chili exported 53J cwt. of borate of lime ; and in the succeeding year, 
Peru exported 3240 cwt. of boracic minerals, valued at 12,474/. or at the rate of 3/. 17s. per cwt. 

C. G. W. L. 

BROMINE. (Fr., Brome ; Gbb., Prom.)— Symbol, Br. Combining weight, 80. 

This element was discovered in the year 1826, by Balard, of Montpellier, in the mother-liquor 
of the water from the salt marshes of that place. It is, at ordinary temperatures, a deep brown- 
red coloured liquid, possessing a powerfully pungent and irritating odour, similar to that of 
chlorine, but more suffocating and offensive. Its aqueous solution bleaches like that of chlorine, 
but not so powerfully, and it hears a close resemblance to chlorine and iodine in many of its other 
properties. It is very volatile, speedily filling with deep red vapours any vessel in which it is 
placed. It is highly poisonous. At 15° (59° F.) its sp. gr. is 2‘ 98 ; at — 22° ( — 4° F.) it solidifies, 
forming a hard, brittle, laminated mass, of a dark, leaden-grey colour, and semi-metaUic lustre. It 
boils at about 63° (140° F.). It is sparingly soluble in water, more readily in alcohol, and 
abundantly in ether. With hydrogen, it unites to form’ hydro-hromic acid ; and with bases, to 
produce the salts called “ bromides.” 

Bromine occurs in small quantities in sea- water, one litre containing about O' 061 grm. The 
mother-liquor of sea-water, and of the water of many saline springs, contains such quantities of it 
as to admit of its extraction from these sources with considerable profit. After the removal, by 
crystallization, of the greater portion of the salts of potash and soda, the bromine remains 
behind, ehiefly as bromide of magnesium. A eiurent of gaseous chlorine is passed through the 
uncrystallizable liquor, by mixing it with peroxide of manganese and hydroehloric acid in stone- 
ware retorts, and distilling the mixture. In this way, the bromine is liberated from the magnesium, 
the liquor becoming at the same time of a deep orange-colour. The bromine then distils over into 
the receiver in the form of a heavy, dark-red liquid, surmounted by an aqueous solution of bromine. 

At Stassfurt, from the salt springs of which place by far the largest quantity of commercial 
bromine is obtained, the manufacture of this substance was commenced by Frank in 1865, when its 
price was very high. A year later the price of bromine was reduced to one-half, in 1867 to one-sixth, 
and during the tturee following years it still steadily declined. The production was at first 3000 lb. 
per annum, from which it rose quickly to 15,000 lb., and has, since that time, increased con- 
siderably. The modus operandi employed by Frank at the present time is as follows. The raw 
material is the mother-liquor which remains after removing, by crystallization, the chlorides and 
double chlorides of potassium and magnesium from the solution of raw Stassfurt salt. This liquor 
contains from O' 08 to O' 15 per cent, of bromine ; the later salt deposits sometimes contain much 
larger quantities. 

The apparatus used consists of a stoneware pan or retort, of a capacity of about 80 to 
100 cub. ft., set in brickwork. It is heated inside by means of a perforated leaden steam-pipe, 
passing through the lid of the still and reaching to the bottom, so as to deliver numerous small jets 
of steam. The remainder of the apparatus is shown in Fig. 394. The delivery tube of the retort is 
connected with a condensing worm A, sur- 
rounded by cold water; the end of this worm 391 . 

communicates, by means of a glass adapter B, H [1 

with the middle neck of a Woulfe’s bottle 0, ^ ° 
holding about 18 pints, and furnished with a 
safety funnel a, and a siphon h, for drawing 
off the bromine. The third neck of the bottle 
contains a bent tube c, leading to a stoneware 
jar D, which is filled with moist iron filings ; 
this tube terminates in a glass cylinder d, 
which prevents it from becoming stopped up 
by the formation of ferrous bromide. The 
joints are made with lutes of clay and oU, 
bound round with parchment. The still is 
charged with the mother-liquor, peroxide of 
manganese, and sulphuric or hydrochloric acid, 

and the mixture is heated rapidly to the boil- v :,A 

ing point, by passing steam through it. The 

vapours of bromine passing over are condensed in the worm, and are run into the Woulfe’s bottle 0, 
where two strata are filmed, the lower consisting of pure liquid bromine, and the upper, of a solution 
of bromine in water. The unoondensed vapour contains a little bromine, which renders it very 
offensive ; this is entirely absorbed by the iron filings. The first portion of the distillate is toler- 
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ably pure ; but as soon as the green colour of chlorine gas is observed in the adapter B, the distil- 
lation must be stopped, and the retort recharged. 

The bromine in the Woulfe’s bottle is always more or less contaminated with chlorine, bromide 
of lead (formed in the condensing worm), and other substances ; it must, therefore, be refined or 
rectified before it is fit for use. This rectification is eflfected by redistilling the bromine in large, 
glass, tubulated retorts, the necks of which are luted into glass receivers; the incondensable portion 
is carried from the receiver into a Woulfe’s bottle, containing caustic potash or soda solution, and 
thence into a vessel containing moist iron filings. The retorts are heated by means of sand baths ; 
these have double sides, between which steam is passed. The first products of the several retorts 
contain much chlorine ; they are, therefore, mixed together, and redistilled in the same manner. 
When this portion has been removed, pure bromine distils over, and is collected in other receivers. 
Piom these, the bromine is run off into glass cylinders, having a cock near the bottom, by means of 
which it is transferred into the final receptacles — strong glass bottles, fitted with ground glass 
stoppers, and holding fiom 4 to 5 lb. of bromine. The stoppers are coated on the outside with rosin, 
over which is placed a layer of c!ay luting secured with parchment paper. Four of these bottles 
are packed in a wooden box of four compartments. For the transport of bromine by sea, Frank 
evaporates a solution of ferrous bromide to dryness, and p.ick3 the dried salt in bottles. When 
required for use, the salt is dissolved in water, and chlorine gas is passed through the solution in 
order to liberate the bromine. By this means, all danger of leakage or of loss from broken bottles 
is avoided. The bromine made in this way at Stassfurt has an advantage over all oiher kinds of 
commercial bromine in that it is entirely free from iodine. 

In 1866, a patent w. s taken out by Leisler for obtaining bromine from the mother-liquor left by 
operations with kainite or earnallite, or from the water of the Dead Sea, which contains, according 
to an analysis by Lartet, in 1 litre, taken from a depth of 300 metres, 7'093 grm. (0'7 per cent.) of 
bromine. In this process, bichromate of potash and an acid are added : heat is applied, the bromine 
is volatilized, and is collected in a condenser filled with iron or steel filings. The means employed is 
a distilling apparatus ; the acid used is hydrochloric, diluted with four times its volume of water. 
To 100 parts by bulk of the mother-liquor, 1 part of the acid is added, the bichromate being intro- 
duced as a saturated aqueous solution. The bromide of iron formed is dissolved by the aqueous 
vapour, and is condensed in the receiver. From it, bromine or any of its compounds may be 
obtained. 

The mother-liquor of varec contains iodine and bromine in about the proportions of 8 parts of 
the former to 1 part of the latter. In order to obtain bromine from this source, tlie iodine must first 
be sep.rrated. This may be effected by throwing down the iodine, either by passing chlorine gas 
through the liquor till a sample taken out gives no precipitate with chlojine water or iodide of 
potassium; or it may he separated as fiee iodine and iodide of copper by adding sulphate of 
copper. The liquor, after this treatment, is ml.'ied with peroxide of manganese and strong 
sulphuric acid, the proportions being first determined by experiment with small quantities, and 
the mixture is distilled precisely in the same way as in Frank’s process, already described. 

Another method of purifying commercial bromine consists in saturating it with baryta, or 
hydrate of barium. By this means, the chlorine contained in the impure bromine is converted into 
chloride and hydrochlorite of baryta, and the bromine itself into bromide and bromate of baryta. 
The mixture is evaporated and ignited, in order to decompose the oxygen salts, and the residue is 
treated with alcohol, which dissolves the bromide of baryta -and leaves the chloride. The pure 
bromide is then distilled with manganese and sulphuric acid in order to obtain bromine. 

Bromine in the form of bromide of potassium is used as a medicine, its medicinal properties 
being very similar to those of iodine. It is also administered in the form of an aqueous solution 
composed of 1 part of bromine to 40 parts of water, iu cases of scrofula and similar diseases ; five or 
six drops is the common dose. The solution is used also as a lotion. Bromide of potassium is ex- 
tensively used in photography. Bromine itself is sometimes employed as a disinfectant. Its use 
in the preparation of aniline dyes, in the form of bromides of ethyl, amyl, and methyl, has now 
been almost superseded. According to Keichardt, bromine may with advantage be substituted 
for chlorine in the manufacture of potassium ferricyanide. 

The total annual production of bromine in Europe and America amounts to about 1150 owt., of 
which 400 cwt. are made at Stassfurt, and 300 cwt. in Scotland, from the mother-liquor of varec. 

SROOiyf-COHIT. {Sorghum dura.} 

Broom-corn is a species of grass which is largely cultivated in the United States, for the manu- 
facture of brooms. It is closely allied to the Sorghum saccharatumf a sugar-yielding grass, which is 
another variety of the same species. Broom-coru was originally brought to % United States from 
the East Indies, and its cultivation has since rapidly extended in North America. It is cultivated 
for Its “ brush,” the dried panicles cleared of the seed. The grain is used for feeding cattle and 
poultry. The stalks make a good man.ure, and are sometimes employed as fodder. Large quantities 
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of the broom-com “ brush ” are imported into this country, chiefly for making carpet-brooms and 
clothes-brushes. 

The com used in this manufacture is grown principally in the valleys of the Mohawk and the 
Connecticut. The soil of the bottoms along these rivers possesses certain characteristics highly 
favourable to the growth of this agricultural product Although the labour attending its cultivation 
is great, it is considered a valuable crop, being more hardy than maize, and less liable to injury 
from frost. It was a good deal cultivated in the Genesee Valley some years ago, and is still to 
some extent ; but the product goes to supply western and local markets. The crop has become 
one of the most decided importance, and it will no douht attract the attention of farmers more 
generally than it has done ; while to its manufacture into brooms, mechanical ingenuity and capital 
will be turned. lu 1860, 2585 tons of broom-com, worth 85 dollars a ton, were sent away from 
Chicago. 

In Saratoga County, 60 acres of broom-corn yielded from 600 to 700 lb. of brush per acre, and on 
two acres, aswuuch as 800 lb. per acre were obhdned. The expense of cultivating and securing 
the crop is about 10 or 12 dollars per acre. In Montgomery County, the raising of this crop is on 
the increase, more tlian 1500 acres being planted. It brings from 20 to 30 dollars per acre on the 
field, when ready to cut. About one-fourth of the brush is made up in the county. In Ohio, 
broom-corn has been introduced into some of the rich vales, and has produced, in favourable 
situations, about one-third of a ton of cleaned brush, ready for market, per acre, worth from 33 to 
43 dollars. The cost of cultivation is considered to be one-fourth greater than that of Indian corn. 
The yield varies with the season ; sometimes as many as 600 brooms per acre are produced, with 
20 bushels of seed, worth as much as oats for horse-feed. 

On a farm belonging to the largest manufacturers in Schenectady, the cultivation of the com 
has been simplified to almost as great a degree as the broom manufacture. The seed is sown with 
a seed-harrow or drill, as early in spring as the state of the ground will admit, in rows 3J ft. 
apart. As soon as the com is above ground, it is hoed, and shortly afterwards thinned so as to 
leave a space of a few inches between the stalks. It is only hoed in the row in order to get out the 
weeds that are close to the plants, the remaining space being left for the harrow and cultivator, 
which are used frequently in order to keep down weeds. The cultivation is finished by ranning a 
small double mould-board plough, rather shallow, between the rows. The corn is not left to lipen, 
but is cut while quite green, and the seed not much past the milk. It was formerly the practice to 
lop down the tops of the corn, and let it haug for some time in order that the brush might straighten 
in one direction, but it is now the custom to leave the tops until the brush is ready to cut, which, as 
before stated, is while the corn is green. A set of hands goes forward, and bends the tops to one 
side; another set follows immediately and cuts oflf the tops where they are bent, and a third set 
gathers the out tops into waggons, to be taken to the factory. Here they are sorted out into small 
bunches, each bunch being made of brushes of equal length. The seed is then taken off by a toothed 
apparatus resembling a hatchel. The machine is worked by horse or steam power, and cleans the 
brush very rapidly. It is then spread out on racks to dry ; in about a week’s time, it is dry enough 
to bear being packed closely. The stalks of the com, after the tops have been cut off, are 5 or 6 ft. 
high ; they are left on the ground, and ploughed in the following spring. It is found that this 
assists in keeping up the fertility of the soil, so that the crop is continued for several years without 
apparent diminution. (See Brushes.) 

BBtrSHES. (Fe., Brosse ; Gee., B'drste.') 

There is, perhaps, no domestic utensil in such common and constant demand as the brush in its 
various forms, and a great variety of substances have been introduced into the manufacture to meet 
the demand. Brushes intended for scrubbing metallic surfaces are made of wire ; those for use in 
contact with acids, of spun glass. For coarse work where el.isticity is not required, twigs of broom, 
rattan, whalebone, wood, mshes, and other plants are employed. The Shakers of New York State 
cultivate a kind of sorghum, or broom com, which they use extensively in making brushes. The 
shafts of quills also are prepared aud split up ; and even horn, which is softened by steeping in an 
infusion of sage leaves, then fiattened, rolled out, extended and moulded so as to break up into 
threads. Old rope, cocoa-nut fibre, and the roots and fibres of many other tropical plants are in 
constant use for the same purpose. For the smaller kinds of brush known as pencils, feathers are 
employed, and the carefully-selected hair of the camel, badger, squirrel, goat, fitch (polecat), sable, 
bear, horse, aud other animals. For artists’ pencils, the hair of the ichneumon, and a portion of that 
which grows within cows’ ears, is reserved. Bears’ fur, being coarse and stifl^ is prineipallv con- 
sumed in varnishing brushes ; badgers’, long, soft, aud elastic, in graining and gilding brushes ; 
sable-tail, which is very long and very elastic, makes the finest and dearest artists’ pencils ; camels’ 
hair comes next in value to sable ; cow’s ear hair is useful for striping and lettering brushes. The 
greatest care is taken to prevent loss when working up the valuable hairs, as a double handful of 
sable is worth 201, and camel hair nearly as much. But the consumption of the products above- 
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mentioned does not approach that of hogs’ bristles, which really form the mainstay of the manu- 
facture. The best of these are procured from the wild hog of northern Europe, about five-sixths of 
the total coming from Eussia and Poland. During the Crimean war, the imports of these fell off 
very considerably, and split whalebone was attempted to be substituted, but with very indifferent 
success, as it splits and wears much more rapidly. The whitest and best hogs’ bristles are used in 
hair, tooth, clothes, and hat, and the best x)aint brushes. 

The bristles as received by the manufacturer, though apparently well washed and clean, have 
still to go through an elaborate cleansing process. Then, or before being washed, they are assorted 
according to their colour (unless obtained already assorted), being classified into black, yellow, grey, 
wliitc, and lilies, or pure white. The “whites” are then bleached by means of sulphiu-ous acid or 
other agent, and again assorted according to quality, length, and size. A bunch having all the 
large ends pointing the same way is taken in the hand and “dragged” through a kind of comb, 
which catches and removes the coarsest ones. A number of these combs are arranged on a 
bench, each one of the series having finer teeth and placed nearer together. Th»“ dragging” 
is repeated through each finer comb in succession, the result being a number of heaps of bristles of 
various sizes. This combing makes the bristles more elastic, and polishes tliem. When assorted 
the bristles are ready for the brush-maker. Each operator makes bis own special variety of brush, 
the entire process being carried out by a single band without any division of labour, except when 
the brush lias afterwards to go to a cabinet-maker, to be finished for the market by having the back 
glued on, &c. 

Brushes are primarily divided into two classes, simple and compound. The former consists of a 
single tuft ; the latter, of many. Compound brushes are also capable of several subdivisions ; those 
with a number of tufts set side by side on flat boards (like a scrubbing-bmsh) are known as 
“ stock ” brushes ; and again, these may be either “ pair-work ” or “ set,” i. e. the bunch screwed up 
and twisted into the hole, and held there by the application of cement ; or they may be “• drawn- 
work,” the bunch being doubled up and draan into the hole by means of a wire through the 
loop. 

Simple Brushes (a. Bound). — Of these, the most common are round paint-brushes. In arranging 
the fibres or hairs for paint-brushes of all kinds, the chief object is to place them so that their ends 
shall come to a central point, and in tlie finer kinds, especially artists’ pencils, much skill is 
required to do this. The brush is made by inserting a bunch of full-length bristles between two 
projecting prongs on the handle, and securing them by a wrapping of twine, which is afterwards 
covered with a coating of glue mixed with red-lead. In large paint-brushes and painters’ dusters, 
the handle is secured by driving tlie small end first into the bristles placed in an iron cup, which 
holds them fast. A new binder for bristles of paint-brushes consists of a continuous piece of soft 
india-rubber, attached by a cylindrical band in the bristles below the ferrule, and by connecting 
the perforated yoke part with the ferrule and handle. An improved method of ensuring the firm 
setting of the brUtles in the handle is as follows : — ^The bristles are bound firmly with string in 
addition to cementing, a socket is turned in tlje peripliery of the handle, to receive them, and on 
the periphery at the socket end. a shallow rebate is formed, to receive the binding string. The 
opposite sides of the socket are then chamfered off down to near the flat bottom of it, so as to leave 
a shallow socket for a cylindrical bunch of bristles; the two prongs are curved on their 
internal periphery. In the walls of the socket, are transverse saw-cuts, in order to allow of the 
walls yielding to the pressure of the external binding-string, which tlius tightens the hold on the 
bunch. The handle thus made is said to be cheaper, the bunch of bristles is shorter for the required 
elasticity, and the whole structure is more durable. 

For making artists’ “ pencils, ’ the delicate hairs from the furs of animals are taken, and first 
washed in clean water, then soaked in warm water, dried, combed, and assorted. They are then 
arranged in bunches, so as to form a point, without leaving a blunt or scraggy end when the brush 
is wet. This is done by women and children, as a very delicate touch is reqiiu-ed. The bunch is 
next fastened, and drawn through the large end of a quill, till the hairs project sufficiently beyond 
the other end. The quill, having been soaked beforehand in hot water in order to enlarge it, 
shrinks sufficiently, on drying, to hold the brush securely. Quills from geese, turkeys, ducks, 
pigeons, quails, larks, and other birds, are used. Brushes of this kind are also often mounted in 
metallic cups. 

(h. Flat.) — In making flat simple brushes, such as whitewash brushes, annular bands of copper 
or brass are prepared by spinning the metal from the flat, so that it shall have no joints. This ring 
or band is of smaller diameter at the front edge than at the back, and is strengthened in front by a 
Up or bead. It is then pressed into an oval form, and the bunches are inserted ; but, before pushing 
the bristles quite in, a wedge of wood is introduced in the middle and pushecL in along with the 
bristles, till their roots are at some depth from the back of the ring, the dovetail shape of the front 
part causing considerable pressure. The ring is then squeezed in a vice whose upper edge is grooved, 
and holes are made for pins or screws to go through all. It is then warmed, and cement is run into 
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the hollow of •the ring behind tlie roots of the bristles. The wooden handle is then inserted and 
secured by nails or screws, or the handle is dovetailed and, after insertion, the sides of the ring are 
squeezed down on the sloping sides of the dovetail. 

Compound Stock Brushes, (a. Set.) — In this class are included scrubbing, clothes, naU, and hat 
brushes, and hair brooms, duoters, &c. Such brushes are made by inserting tufts of bristles or 
other material into a “stock” or “head” previously bored for their reception. These stocks are 
cut fiom pieces of board of the requisite thickness in such a way as to get two out of each width. 
The holes are drilled through a pattern board to ensure uniformity, this being either flat or rounded 
according to the brush stock used ; the lioles are often bored angularly to the face, or the free itself 
is rounded so as to give an outward sjilay to tlie bristles or hairs. These latter are usually set in 
by one end, giving the full length ; but where stiffness is requireil, as in hair-brushes, the tufts are 
doubled and then out off square and even, forming a very hard brush when doubled near the root 
ends. One end of the bunch, or the loop when it is doubled, is dipped into hot pitch or glue, then 
tied, dipped ag.iin, and quickly inserted, by a twisting motion, in the hole prepared for its recep- 
tion ; here it is securely held by the pitch on hardening. In making nail-brushes, it has been pro- 
posed to foim an oblong hole in the brush b.ick, with the sides dovetailed or undercut so as to bold 
a piece of pumice similarly shaped, and placed in the hole before the back is secured to the block 
of the brush. 

(6. Drawn.) — The distinctive feature of “ drawn ” brushes is that the tufts or bunches of bristles, 
or other materials, are bent double, sons to form loops through whicli wires are passed, fur the 
purpose of “ drawing ” them into place in the holes of the stock. There are two ordimuy methods 
by which this is done. According to one plan, boles large enough for the bunches are made part of the 
way through tlie block, while much smaller ones are continued from the bottom of the larger ones 
quite through the block. The block being thus piepared, one end of the wire is passed through the 
loop of the first bunch, which is drawn into place ; the other end of the wire passes out through 
the block, and is ready to receive the next bunch in a similar manner. This jirocess is repeated till 
all the holes have been filled with bunches, when the ends of the drawing wire are secured, and the 
whole wire is neatly covered by a veneer back being glued or screwed on ; this strengthens and 
improves the brush, and prevents the wires fruin scratching the hand and from rusting. After this, 
the brush is finished up with spokeshave and scrajier, sand-papered and varnished. The “ drawing” 
is done by clamping the drilled stock to a table. When a row is filled, the tufts are cut off to gauge 
by a shear, or, when the bristles are very short, this is postponed till the brush is finished. An 
expert will “draw” 500 holes per hour, but the average number does not exceed 100. For the best 
tooth-brushes, silver wire is used, and stiing is sometimes substituted when tlie brush is liable to 
come in contact with substances which would corrode wire. 

By the other method, which is known as “ trepanning,” the holes for the reception of the bunches 
are bored not quite through the stor'k, and these are crossed by other holes bored transversely 
through the sides ; the bristles, being then iuserterl, arc secured by wires put through the transverse 
holes. These last are then stopped up with plugs of the same material as the stock (which is also 
the back), so that they are invisible, and the brush looks to be made of one solid piece. 

T.ie IT odbunj Machhie . — Quite a revolution in the manufacture of some kinds of “ compouud ” 
brushes was causeil by the invention of the Woodbury brush machine, whose object is to produce a 
brush having its bunches of bristles firmly bound and securely held in the back, without the use of 
any cement or independent fastening beyond that employed in binding tbe bunches together, the 
back remaining in one solid piece. The backs, which are introduced to the machine ready made, 
are prepared in the following way : — The position of the holes is marked by punching with a simple 
machine and the back is then placed in the boring mai'hine, which consists of a two-spurred bit of suit- 
able size, made to revolve very rapidly and which drills the boles as fast as the back can be adjusted, 
the process being facilitated by a hooked arm whose bent end inserted in a punch mark draws the 
back just far enough forward to bring it in 
position under the bit, to have the succeeding 
aperture made. One such machine easily 
bores 50,000 to 60,000 holes per day. A (Fig. 

395) represents a portion of the back of a 
brush, furnished with the usual holes a for the 
reception of the bristles. These are collected 
into suitable quantities so as to form, when 
doubled or bent over as usual in the manufac- 
ture of other brushes, bunches B of a size to fit the holes a. A wire 6 is then passed through 
the loop formed by ^he doubling of the bristles, and is afterwards bent spirally around the 
bunch B, so as to bind it and form screw-threads on it, in order that when the bunch of bristles 
is screwed into one of the holes a, the wire b will secure the bunch of bristles in the back by forming 
corresponding female thread.s in the hole, or by fitting into similar threads previously made there. 
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the upper arm of the pawl e, till arrested by a stop k on the disc. The pawl is thus thrown and held 
out of gear with the notcheil hub o, and the machine is stopped without arresting the motion of the 
driving pulley. This arrangement forms a very simple, smooth, quick and efficient stopping and 
starting device. C is a secondary shaft arr.inged vertically within the maciiine and deriving its 
motion fiom the main shaft D by bevel gear I (Fig. 397). The shaft serves to work the devices by 
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which the bristles are fed to the plungers that effect their doubling, their binding by the wire, and 
the introduction of the bunch into the brush-back, as well as the devices by which the wire is fed 
to and through the bristles after doubling, and the mechanism for centring the brush-back under 
the bunch-inserting devices. These last are worked by the main shaft D ; H is a bed on which tlie 
brush-back A lies. This bed is adjustable up and down by means of a slide working in a guide 
frame and operated by a screw m to set the brush-back to its work, the guide frame also being 
adjustable laterally in a curvilinear direction by a slot or groove n (Fig. .396), to give the bed 
various angular positions to suit backs of different shapes. J is a horizontal comb arranged over 
an upper table K, which is situated some distance above the bed or table H, but a little to one side 
or in the rear of it. This comb, whose teeth face the front of the machine, has an intermittent 
travel in the direction of the arrow (Fig. 398), a tooth or space between two teeth at a tim e when 
feeding the bristles to the bnnch-forming and inserting devices. The bristles o, represented by 
lines and dots in the figures, are placed within the teeth of the comb, so that they stand in an 
upright position, projecting for about half their height or length above the comb, and resting at 
their lower ends on the table K. Each intermittent movement of the comb, which is effected by 
a weight p and cord q passing over pulleys, causes a space between two contiguous teeth in the comb 
to be brought opposite a twisteil receiver or gauge L (Fig. 401), into and down through which the 
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bristles in the comb space are passed, by the action of a cross intermittently reciprocating saw or 
feeder M (Fig. 397). This saw feeder has its motion communicated to it in one direction by a toe 
cam r (Fig. 398) on the sliaft C, working against a roller carried by a rod or arm s, which is 
guided in its course by travelling along a fixed slot t ; and in the reverse direction is worked by a 
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spring « pulling on the arm s. Each forward motion of the saw feeder projects a certain quantity of 
the bristles in the comb space facing the spiral receiver L into the receiver, the discharge being 
aided by a crowding fork N (Fig. 397) operating on the bristles on either side of the receiver, 
through whose sides they project. This crowding fork receives a reciprocating motion for the 
performance of its work from a cam r on the shaft C, and a spring w ; also an up and down motion, 
at the end of its back stroke and when starting 
forward, by an incline x on the rear sliding jKirtion 
of the fork stem, working through a slotted guide 
and a spring y, which latter also serves to hold 
the folk down during the remainder of its travel. 

The up and down movement of the crowding 
fork is to enable the latter to get a proper hold on 
the bristles when commencing its feeding stroke. 

The bristles o, as they are crowded down and 
through the twisted receiver L, are turned so as 
to occupy a horizontal position across the path of a 
vertically reciprocating bristles-divider and con- 
ductor N* (Fig. 401), attached to the outer or 
hollow plunger P of the inserting device, which 
has arranged in it the doubling plunger Q. Before describing the action of the devices which 
operate upon detached quantities of the bristles as taken by the divider and conductor N from the 
twisted receiver L, in size or amount corresponding to the bunches to be made, it may here be 
stated that the resistance of the bristles in the comb space opposite the receiver L serves to 
restrain the saw feeder M from making a full forward stroke under the action of the spring, and 
while the saw feeder is thus limited in its stroke it holds a spring stop a in locking position 
on the comb J to prevent it from moving forwards; but, on the comb space being emptied of its 
bristles, by the action of the saw, the latter is free to move further forwards, and, by an incline 
6' on its face, is caused to temporarily lift the spring stop o', so that the comb J is at liberty to 
move forward a tooth or succeeding bristles-holding space under the action of the weight p, to 
keep up the supply to the receiver, and so on in succession for each comb space till the comb J is 
emptied, when it is drawn back to be refilled. 

The bri.-tles-divider and conductor N*, which passes through the delivery end of the receiver L, 
has combined with it an independent follower or gate E (Fig. 397), arranged above the divider N* 
and serving in conjunction with it to limit the supply of bristles from the (fisted receiver L, and 
to shut off the discharge from it at the periods when they are not required to enter the hollow 
plunger P, to which they are conducted by inclined upper edges c' of the device N*, in rear of the 
dividing knife d' and in line with an oblique slot </ in the hollow plnng.-r, within and through which 
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latter the bristles lie and project crosswise. The gate E has the lower ends of its side / the converse 
of the npper edges c' of the divider and conductor, so as to form an inclined passage down into the 
hollow plunger P. This gate is made capable of sliding up and down a fixed frame g under con- 
trol of the plunger P and of the springs A' A' (Fig. 400). The position of the gate when the plunger 




P is down to tlie work is such that egress is 
shut off from the receiver L, the gate being 
drawn and held down to its closing position 
by the springs A’ A', and being slightly tilted 
from a vertical position, so that when the 
hollow plunger P rises from its work, a pro- 
jection on the upper end of it will catch under 
the back of the gate B and lift the latter in 
common with it for a brief interval until ears 
on the side of the gate come opposite recesses 
in the edges of the fixed frame g', when the 
gate will fall out of the way of the plunger, by 
the ears dropping into the recesses. This locks 
the gate R while the plunger slides freely up 
over its back. The lift of the plunger P on 
the gate E is such that it establishes a clear 
space between the top edge of the dividing 
knife d' (Fig. 397) and the bottom edges of 


the gate R for the passage of the bristles from the receiver L as the divider passes up through, 
the size of the opening being regulated if necessary by an adjusting nut V on a screw stem of 
the gate. In the re-descent of the hollow plunger P, so soon as its upper projection passes the 
back of the gate E, the latter has its side ears thrown out of lock with the recesses in the edges of 
the fixed frame g\ by the contraction of the springs A', to effect which, the lower edges of the side 
ears on the gate and corresponding edges of the recesses in the fixed frame in which they fit are 
made bevelled, so that the springs A'A' in pulling down on the gate will first throw the latter to a 
sli-^htly oblique position beyond the fixed frame, to ensure projection .’catching it again in the ascent 
of the hollow plunger P. The side cars on the gate R being then released from the locking recesses 
in the fixed frame g', the completing contraction of the springs A'A' next draws down the gate so as 
to close ec-ress from the receiver L, such closing action following in the wake of the dividing knife 
d' as it passes down or out of the receiver. A deposit of bristles having been made in the oblique 
slot e' of the hollow pfunger P. the latter remains stationary for a time, while the doubling plunger 
Q comes down within it. This last-mentioned plunger (Fig. 401) is made bifurcated at the lower 
end andTwith longitudinal grooves V up its sides, so that in the early portion of its descent it catches 
on o’r OTer the bristles lying across and through the plunger P, and, as it continues its descent 
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alone towards a nut or mouth -piece s, at the bottom of the outer plunger P, it folds or doubles up 
the bristles into the side grooves V. The bristles, in being thus drawn out of oblique slot e' by the 
descent of the plunger Q, and formed into a bunch, are straiglitened by being drawn through a 
comb T (Fig. 3D8) attached to, and arranged to partially surroimd the outer plunger P. After the 
inner plunger Q, in its solitary descent, has 
entered the nut s (which is of tapering con- 
figuration internally), and the bottom of the 
plunger Q of corresponding shape, the wire 6 
for binding the bristles is introduced (through 
tlie loop formed by doubling them), by way 
of cross passages m’ made through the nut s 
and the bifurcated portion of the plunger Q, 
being of a suitable length to project beyond 
the passages on opposite sides of the nut. The 
two plungers P and Q then move down, in 
common, on to the back A and over a hole a, 
and during the descent, or as the end of the 
downward stroke is reached, the doubling 
plunger Q is revolved, so as to lap the wire 
spirally around the donbled bristles, aided by female threads n' made in the nut s. The plunger 
Q continuing to revolve in the same direction, the wire-bound bunch is projected through the 
bottom of the nut, and, by its wire binding, is made to screw its way into the hole a in the brush- 
back. The plunger is then slightly and slowly rotated in the reverse direction, to take the twist 
out of the bristles, and the two plungers P and Q move back to their raised positions for similar 
action on a succeeding lot of bristles, and so on till the brush is finished. 
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The means adopted for securing the necessary motions and pauses in the plungers P and Q are 
as follows : — On the main shaft D (Fig. 397), is a disc A', having in its front face a cam groove 
o', whose configuration gives the requisite movements and pauses to the hollow plunger P, the 
connection with the latter being established by a pin or roller p', travelling in the groove o', and 
carried by an arm q’, in adjustable attachment by screw nuts with a vertically 
moving and guided rod r', working a vertical slide s’, that carries tlie hollow 
plunger P. 'The inner and doubling plunger Q is worked by an eccentric pin t' 
on the face of the disc A', the pin moving, as the disc revolves, in aud along a 
slotted cross head B', mainly of a shape corresponding with the circle in which 
the pin t' travels, and guided so as to have an intermittent vertical sliding action 
under the operation of the revolving eccentric pin t'. The upper end of the plunger 
Q is attached to the cross-head B' by a screw and annular groove, in order to 
admit of its having the necessary intermittent rotary as well as vertical move- 
ment. The rotary motion is given for the purpose of wrapping the wire spirally 
around the double bristles, aud to screw the bunch into the hole in the brush 
back, also to take the twist out of the bristles when the plungers retire. The 
groove m' in the back of revolving disc A' works a pin v' attached to a lever, and 
working up and down through a curved slot in the main frame. By these means, 
an inteimittent up and down motion is communicated to the lever w' (Fig. 396), 
and through the latter, by means of a pitman x', and slotted adjusting arm y’, an 
intermittent vibratory motion is given to a toothed sector C', which is in gear with 
horizontal bevel pinion z'. The rotation of this pinion z' in either direction takes place at the close 
of the descent of the plungers P Q, and as they commence to move up again. On its arbor, it carries 
a spur wheel a^, that gears with a pinion V, to rotate the plunger Q as required. The pinion 6* (Fig. 
397) turns loosely on a sleeve c*, arranged to loosely surround the plunger Q, and having an 
internal key or feather that fits a longitudinal groove (P in the plunger, to aifmit of the latter sliding 
up and down through the sleeve, and yet to secure its rotation by the sleeve when the latter is 
revolved. The rotation of sleeve by pinion is effected by a clutch tension and friction device, 

consisting iu part of half-clutches p, the former of which is fast to pinion 6^, while the latter is 
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looee on the sleeve, and capable of up and down motion on it towards or from the upper half-olntch 
e% under control of a spring which presses at its lower end against an adjusting nut ft* fitting a 
screw-thread on the sleeve, and presses at its upper end against a loose washer s'*, to bear the latter 
up against a leather or rubber washer ft*, which in its turn presses up against a washer or disc 
on the under side of the lower clutch /*. By means of this spring tension and friction clutch, the 
plunger Q, when being revolved forwards to wrap the wire around the bristles and screw the bunch 
into the brush-back, is driven with an increased force by reason of the half-clutches e- and /* 
operating to compress the spring and to increase the friction of the washers P, ft*, P. The force 
is relaxed when the plunger Q is rotated to free itself from the inserted bunch, by reason of the 
reverse action of the pinion 6*, and slip of the clutch, allowing the spring g- to slightly relax and 
reduce the friction of the washers. This prevents the plunger Q, when rotated backwards, from 
unscrewing the bunch out of the brush-back. On the plunger Q, is a grooved tapering swell m*, 
into the groove of which a spring guide «* attached to the rod r’ of the outer plunger P enters, in 
the up stroke of plunger Q, to turn or adjust and ensure the proper relative position of the plunger 
with the oblique slot e' in tlie outer plunger, and with the wiring perforations m', preparatory to the 
descent of the plunger Q to perform its work. 

The brush-back A automatically centres itself as regards bringing its holes o successively under 
the bunch-inserting devices, a conical centre D', worked by the machine, bringing the hole in the 
back in precise position to receive the bunch of bristles. The centre D' is cranked or crooked in its 
attachment to a vertical spindle o* (Fig. 402), which is made capable of a slight up and down 
motion at intervals, also of a vibratory motion around its axis. The action of the centerer D' is as 
follows : Being swung to one aide out of the way, it first slightly rises, and is then sprung forwards 
over or in line with the plungers P Q, then descends into the hole in the brush-back and centres the 
latter relatively to the plungers, after which it rises out of the hole, and is swung back out of the way 
to make room for the plungers to descend over the centered hole. The swinging motions of the 
centerer on its vertical spindle o* are effected at proper intervals by a cam p*, working against a 
lever j* in combination with a spring arranged round the spindle o*, the lever g* (which works 
on a centre s*) being coupled by a connection P with a crank «* loose on the spindle o*, but in gear 
with the latter by a pin »* fast to the spindle and slot in the crank. This slot is made at its 
bottom or on its edge as at x*, whereby, in the swinging of the crank u*, and by the action of the 
spring, the centerer D' is raised and lowered as required. A stop lever y*, acting against a fixed 
guide «*, and fast on the spindle o*, limits and directs the movements of the centerer. 

The apparatus for feeding and passing the wire to and through the perforations m' in the nut 
s and inner plunger Q are as follows : — E' (Fig. 398) is a reel having the wire 6 wound upon it, and 
hung to revolve freely under the draft of the wire from it. F' is the frame of the wiring apparatus 
(Fig. 403) hung to rock on trunnions «*, projecting from a ring 6* arranged to loosely surround the 
shaft. The front portion of the frame is forked at c^, and rests on shoulders formed in the outer 
plunger P, being retained there by the action of a spring, except towards the completion of the 
down-stroke of the plungers P Q, or after they have moved a certain distance in common, and 
during a portion of their ascent, when the frame rests upon a fixed stop, e’ (Fig. 30G). The 
object of causing the wiring apparatus to rest by its frame on the plunger P, during the early portion 
of the descent of the latter in common with the inner plunger Q (which support also occurs during 
the completion of the up stroke of the outer plunger), is to ensure the entry of the wire b through 
the perforations m' in the nut s and inner plunger Q, and to avoid stoppage of the plungers when 
threading or passing the wires through the perforations. The wire b is taken from the reel E' and 
passed through an oiler /* on the frame F' (Fig. 403), and thence through straighteniug eyes or 
cups y*, and through a feeding clamp A*, and eyes or guides P, on a slide G', which has a 
reciprocating motion along the frame F', and is guided by slots r*. From this slide G', the wire 6 
is passed through a clamp on the frame F', through an anvil or cutting block nP, and through 
a front eye or guide n*, which is in line with the perforations m' in the nut s, where the fork c* of 
the frame F' rests on the shoulders of the outer plunger P. The feed of the wire is established by 
the forward movement of the slide G' by the clamp A’ till the slide is arrested by a stop o*, which 
determines the length of the wire to be cut off after its projection by the feed through the per- 
forations in' in the nut s and inner plunger Q. A spring p* (Fig. 397) effects the forward or feeding 
stroke of the slide G', and a cam g* on the shaft, its back movement ; H' is a cutting lever for 
severing the wire into successive pieces of the requisite length from tlie forward portion as it is 
projected through the nut s and outer plunger P ; it is worked respectively by a cam r on the shaft 
C, and by a spring s. The clamp P serves to hold on to the wire 6 after each cut, and during the 
back movement of the feeding clamp A*, to keep up the supply. The clamps A* and P alternately 
grip the wire, the farmer gripping when feeding, but relaxing wheu retiring, and the latter vice 
versa. 

More recently, an additional improvement has been made in the apparatus for feeding bristles 
to the machine. To provide for filling the comb with bristles, it is taken out of the machine, and 
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there being duplicate combs, empty ones can be filled while the machine is at work, so that it can 
run without intermission. The novel filling arrangement shown in the accompanying figures 
enables one workman to serve several machines. Fig. 400 shows a side view of the comb-filler ; 
and Fig. 407 is a plan of the same. The comb A to be filled is entered vertically from above, 
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within grooved guides 66 of a main frame B, secured to the side of a bench. The bristles 0 are 
entered transversely within the spaces cc, between the teeth d of the comb, and so as to overhang 
both sides of the latter in regular order, commencing with the space between the lower teeth, and 
repeating the filling operation, each tooth space, one above the other in succession, as the comb, 
controlled by pawls, drops down the grooved guides 66 till it is whoUy filled, when it is taken out 
from below for use in the machine, and an empty comb is inserted in the filler. Pivoted at e to 
the main frame in front, is a narrow lower jaw D, on and along which the bristles C are laid, so 
that they overhang both sides, being held in position by a fixed upper jaw E, which, with the 
lower jaw, grips them at about the middle. The introduction of the bristles between the jaws is 
effected by temporarily depressing the lower one, which is afterwards closed by a spring /. 

The open edge of the comb A, when in place, lies immediately behind the jaws, and the bristles 
are drawn into, and more or less compressed within, each tooth space c in s&jcession, by toothed 
feeding bars F F, pivoted at g, to a pair of outside horizontal slides G G, which are slotted at A 
to receive guide pins i, connected with the main frame. The toothed portions of the feeding bars 
F F lie over the bristles on the jaw D, and are held in a raised position, so as to be clear of them. 
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by means of a spring I ; and a forward traverse motion is given to the slides which carry the feeding 
bars, by means of a spring H, and cord or chain L 

To feed the bristles into a space c of the comb, power is applied by foot to a treadle below. 
This pulls upon duplicate cords m, which are connected with dogs I, pivoted on the feeding bars 
F F, and so arranged in relation to the slides G G and the stops n, that their first action is to draw 
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down the toothed feeding bars P F into the bristles, and afterwards to draw the bars and slides 
backwards, by which the bars F F are made to distribute and pack, as required, the bristles within 
a tooth space c of the comb. The foot is then removed from the treadle, and the parts resume 
their normal position, to effect the filling of a succeeding tooth space, and so on till the comb 
is full. 

The comb A is retained in position and fed or allowed to drop as required, so as to bring each 
tooth space in succession into the receiving position for the bristles, by means of pawls J K, the 
former of which, catching in the holes s of the comb, simply serves to keep it from dropping too 
far while the latter is out of contact with the teeth of the comb, it being adjusted to enter suc- 
cessively within the tooth space c, to hold the comb at its precise required height. Towards the 
close of the back or feeding-stroke of the bars P F, pins on them strike levers, which, bearing 
against studs P of the pawl K, release the latter from the comb to provide for its next downward 
feed. When the feeding bars F F and slides G move forward again, a projection connected with 
them releases the pawl J to admit of the comb completing its drop ; the pawl K being now released 
from the action of the lever, catches between a succeeding pair of teeth, for repetition of the 
crowding of another lot of bristles within the next tooth space of the comb, and so on till the filling 
is complete. 

The Woodbury machine uses bristles, hair, tampico, or any other material equally well, and 
firmly secures the bundles in backs of wood, leather, indiarubber, bone, ivory, or other substances. 
It works 75 to 80 bunches per minute with the greatest ease, and fills an ordinary scrubbing-brush 
back in about the same time. Though extensively used in America, this machine has not been 
received with favour in England, an objection alleged against it being that the wire used for 
binding the bunch occupies so much of the hole as to prevent the bunch from fitting closely. 

Sound Brushes . — Bound brushes for cleaning bottles, lamp-glasses, and other cylindrical vessels, 
are made by fastening the bristles, which project both ways, between two wires, which are then 
firmly twisted together. 

Steel Brushes . — For cleaning and removing sand from castings, very durable brushes are 
made by substituting for the bristles, a series of flat, well-tempered steel wires. They are an 
American manufacture, and are sold at 5 J to 18 dollars (say 23 to 75 shillings) per dozen, according 
to size. 

Iron-wire Brushes . — Headed pins of ordinary iron wire are fixed in some elastic material, which 
is then attached to a thin sheet of metal, dished or bent so that the margin can be inserted in the 
undercut margin of a recess formed in the handle or back, as seen in Fig. 408. When the metal is 
bedded down upon the back a, the edges of the plate enter the recesses (Figs. 409 and 410), and it 
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may then be secure^ by screws. If the plate be of steel or other metal having a degree of resilience, 
it may be sprung into place, and other fastening be dispensed with. The attachment of the elastic 
material to the plate is effected by sewing or riveting to the previously nicked or perforated plate, 
or by clamping over the edges of the plate, or by slitting them and turning up parts to be passed 
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through the elastic material and clamped down. Fig. 411 shows a margin which has been slitted ; 
either needle and thread or rivets may be passed through. Fig. 412 is an example of clamping ; 
in Fig. 413, the teeth are pointed for forcing through the material. 

By another plan, the elastic material is fixed on a piece of wood by means of pins driven through 
the folded margin of the material and into the wood, or secured by stitches across the back, or by 
binding wire, &c., in a groove on the wood. The wood is then screwed to the handle, or cemented 
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into a recess by shellac. Figs. 414 and 415 show the attachment by pins. In Fig. 414, the margin 
is so wide that it can be folded over the edge of the wood to the back ; pins c are then driven 
through, or the opposite margins at c c are sewn together across the back. Fig. 416 shows an oval 
piece of wood fitted with a groove d on the edge ; the edge of the material is folded over this, and 
embraced tightly by a coil of wire. In Fig. 417, the piece of wood is fitted into a recess in the 
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handle or back/, which is of papier-mach^, vulcanite, or of various moulded compositions. A hat- 
brush is shown in Fig. 418 : » is a piece of wood to which the material is secured ; it is then fixed 
in a recess formed in the wooden back k, which is covered with plush, whose edges are folded 
underneath, hidden and secured by the back. 

Some brushes are made without wooden backs, the elastic pin-set material being stitched or riveted 
to a backing of leather g (Fig. 419), to which a leather strap A is attached, forming a handle under 
which the hand is held when in use. This kind of brush is useful 
for grooming horses, &c. It is also possible to have a margin of 
bristles around the metallic part of the brush ; in those having 
recessed backs, the wire for drawing in the bristles is concealed ; 
those having leather backs require the bristles to be wired in from 
the edge, as in Fig. 420, or from the back, as in Fig. 421. In the 
case of brushes with metal hacks, such as cattle and horse brushes, 
the bristles are fixed in a stiip of leather which is fastened to the 
metal back, and surrounds the wire pins forming the centre of the 
brush. Cylindrical brushes for brushing hair and other purposes 
are made by securing the pin-set mateiial to the circumferences of 
the cylinders ; preferably it is sewn to a strip of leather backing, and this is coiled spirally around 
the cylinders and cemented or tacked to them. 

Bass Brooms . — Since the introduction of Piassaba (see Fibrous Substances), the manufacture of 
“ bass brooms” has become an important branch of the brush-making industry. The rough “bass,” 
as it is called, has to undergo a process of cutting, combing, steaming, “ mixing,” cleaning, and a 
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final secret process, by which it is rendered more durable, in order to fit it for the brnshmaker. The 
principal consumers of this material are J. and G. Horsey, of Mile End, who are the sole employers 
of machinery for making this class of brush. The backs or stocks are pierced partially through 
with holes, as by the M oodbury machine, before mentioned, and are automatically centered for the 
reception of the bunches. On one side of the machine, is a box filled with bass of the proper length, 
and at each revolution of the machine, a curious mechanism, called the “ tffief,’’ darts into the 
midst of the bass, and abstracts just sufficient to form one bunch, which, being delivered to a 
travelling “ carrier,” is conveyed under the punch for fixing. Fig. 422 shows a section of the punch 
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descending, and doubling up the bunch, at the same time forcing down a scrap of steel wire 
which, when down in place, is spread out, and holds the bunch in position, as shown in Fig. 423. 
Figs. 424 and 425 show a plan and sections of the wire, the bass being removed. The steel wire is 
run from an immense reel placed over each machine, whence it descends through a series of rollers, 
which deliver just so much at a time as will suffice to fix one bunch. Each machine, requiring the 
attendance of only one girl, can fix about 30,000 bunches per diem. Immediately the stock is filled, 
the broom passes through a set of combs, and between a series of knives, by which the surface of 
the bass is rendered flat and even. Finally, the backs are dressed smooth, and almost polished, by 
the action of a number of rotary and fixed knives. 

Figs. 426 and 427, both partly in section, show respectively a side view and front view of one of 
the machines employed in recessing wooden backs. A is a framing, on which is fixed a standard B, 
one side of whose projecting head is planed and formed with “ vee ” slides, to receive a sliding 
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carriage C. In bearings formed in bosses on this carriage, a cutter spindle I is fitted to revolve, 
receiving motion from a strap m. The carriage can be slid to and fro by means of a screw operated 
by a handle n, and working in a nut fixed to the carriage, as in the case of a lathe slide rest. A 
shaft 0 is fitted to revolve upon an inclined axis, in a bearing p fixed to the framing of the machine. 
On the upper end of this shaft, is formed a head q, wliich is planed and made with vee slides, and 
upon this head a table D is fitted to slide. Corresponding parts are seen in Fig. 428, which illus- 
trates a modification in the machine. To the under side of the table, are secured two curved guide 
blocks rr, fitted to revolve around and in contact with an annular guide ring s, which is bolted to 
the fcible, but can be adj usted so as to be more or less eccentric with respect to the axis of the shaft o. 
If the ring s were fixed so as to be concentric with the shaft o, the table D would revolve with the 
shaft without sliding upon the head q, but when the ring is eccentric to the shaft, the table is made 
to slide to and fro on the head during each revolution. The table D is prepared to receive and hold 
in position the wooden back which is to be recessed. In the figure, the back marked E fits into a 
recess in the face of the table. A cutter F is fixed to the lower end of the spindle 1. A revolving 
motion is imparted to the shaft o, by means of the worm and wheel G, the worm being fixed on 
a shatt t, driven by means of a strap. The back to be rece-ssed is placed in position on the table, 
the carriage C having been slid away from the standard, so that the cutter would clear the work on 
completion of the back last operated upon. When the work is in position, the shaft t is started, 
and the work is thereby caused to revolve, and also to move to and fro in a direction across 
the axis of revolution. The carriage C is now moved in the direction indicated by the arrow, by 
turning the handle n, by which the cutter is brought into contact with the work. The movement of 
the carriage beinj' continued, the cutter recesses the handle in all directions away from the centre 
and, by the combined rotatory and rectilinear motions of the work, makes the recess of an oval form. 
The cutter is so formed that when the recessing is completed, which completion is determined by 
the further movement of the carriage being arrested by a stop, the margin of the oval recess is under- 
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cut, as indicated in Fig. 408. For some purposes, the recess does not require to be under-cut, nor 
the bottom of the recess to be raised in the centre, for instance as in the case of Fig. 417. Xhe 
action of the shaft o is then made vertical and not inclined. 

Fig. 429 is a side elevation, partly in section, of a modification of the foregoing machine when 


In this case, the table I) revolves upon a vertical axis, but 
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made self-acting to a greater extent, 
in other respects is arranged to act in 
the same manner as the table in Figs. 

426, 427, and 428. The cutter spindle 
Z revolves ujxm an axis which is in- 
clined with respect to the axis of the 
shaft 0 , by which an effect correspond- 
ing to that of the first machine is 
obtained ; it revolves in bearings in a 
carriage C, which is fitted to slide at 
right angles to the axis of revolution 
of the cutter spindle, A worm «, fixed 
on the shaft o, and gearing with a 
worm wheel fixed on a cross shaft r, 
imparts a comparatively slow revolv- 
ing motion to the shaft, which revolves 
once during the recessing of a back or 
handle. Upon the shaft, is fixed a 
cam I, on which rests one end of a 
lever tr, which is fixed upon a shaft J 
mounted in bearings. Upon the same 
shaft, is fixed a second lever x, the 
free end of which is connected by a 
link x' with the carriage C. This 
connection is made capable of adjust- 
ment. In the figure, the link is 
jointed to a nut, in which works a 

screw y, mounted in the carriage in such a manner, that when the screw is turned, the carriage 
is moved in one direction or the other, while the nnt remains stationary. The cam acts upon 
the lever tc, to effect the sliding of the carriage C in the direction indicated by the arrow. A 
weight L, attached to a chain which passes over two carrier pulleys z z, tends to move the carriage 
forward in a contrary direction to 
that indicated, and thus keeps the 
end of the lever uj pressed upon the 
cam. A second cam M acts upon a 
lever a! mounted on the shaft J, and 
connected by a rod V with the strap 
guide bar of a counter shaft motion, 
from which the cutter spindle and 
the shaft f are driven. When a back 
to be recessed is fixed upon the table, 
and the machine is set in motion, the 
cam J slowly raises the end of the 
lever w, by which the carriage C and 
the cutter spindle are moved in the 
direction indicated, and the recessing 
is effected. When the recessing is com- 
pleted, the cam permits the weight to 
move back the carriage C, and, during 
this backward movement, the cam M 
begins to depress the end of the lever a', 
and thus to shift the strap which drives 
the counter shaft on to the loose pulley, 
so that by the time the backward 
movement of the carriage is completed 
the action of the machine is arrested. 

Brushes with Celluloid Backs. In making brushes with backs of celluloid or other similar sub- 
wi ™ naoulds in two parts called half-shells. One of these is perforated 

ries 0 0 es or the tufts of bristles, whose inner ends are secured by being matted or ironed 
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down upon the under side of the half-shell. A thin sheet of plastic material is now laid on, h> 
further secure the bristles and keep them in position, this being covered with a wooden core 
extending into the handle of the brush, and strengthening it. This again is covered with the other 
unperforated half-shell, which forms the back of the brush, and the whole is then subjected to heat 
and pressure in a die, so as to mould the composition together, and close the holes about the tufts. 
In this way, a strong, cheap, and durable brush is obtained, in which there are no seams or joints 
to open during use, no cement to crumble and admit moisture, and no threads or wires to break off 
or rust out. 

Brush-making is a trade which may be carried on upon almost any scale, according to the capital 
at command. A man may start alone with half a dozen tools and a five-pound note, or he may 
employ hundreds of hands, and any number of machines driven by steam. The manufacture is not 
confined to any particular place or country, but is spread promiscuously over every civiliaed land. 

Imports and Exports. — The imports of brushes to or exports from the United Kingdom are so 
trifling as not to be specified in the trade returns. The imports of bristles for brush-making, in 1877, 
were, from Russia, 1,162,634 lb. ; Holland, 209,457 lb. ; China, 100,006 lb. ; Germany, 960,614 lb. ; 
United States, 73,045 lb. ; Belgium, 63,557 lb. ; France,* 57,894 lb. ; other countries, 26,253 lb. The 
exports for the same year were, to Belgium, 41,175 Ib., value, 32197 ; other countries, 57,780 lb. 
value, 86497 

BUTTON'S. (Fr., Bmiton ; Gee., Knopf.) 

Buttons may be said to mark the difi'erence between ancient and modem styles of dress. The 
ancients, like the Easterns of to-day who have not put off old costumes for new, delighted in loose 
and flowing robes, rather flung around the body than deliberately put on ; but from the time of the 
Roman toga downwards, there has been a gradual departure from the antiquated dress in the 
countries of the 'W^est, and the fate of loose robes was sealed by the invention of buttons about a 
century and a half ago. The first end to which buttons were applied was that of ornament, and 
consequently in their earliest forms they were splendid and costly ; but men soon recognized their 
utility as a fastening for garments, which might thus be made less incommodious by reason of their 
fitting the person closely. 

It would be difficult to enumerate all the substances which of late years have been made to con- 
tribute to the manufacture of buttons : but chief among them may be named gold, silver, copper, 
lead, iron, steel, brass, pewter, pearl, tortoiseshell, shell, ivory, bone, horn, hoof, hair, silk, Florentine 
(satin), linen, cotton, velvet, cloth, indiarubber, guttapercha, vulcanite, wood, amber, jet, glass, 
porcelain, enamel, clay, precious stones, leather, papier-mache, betel nut, vegetable ivory, or Corozo 
nut, and Manton’s patent mineral earth as a substitute for the last named. 

Metal Buttons. — These are made in two ways, either with a metallic shank for attachment to the 
garment, or perforated to admit the passage of the thread through the button itself. In the former 
case, they are usually manufactured by punching discs, out of sheet brass containing somewhat less 
zinc than ordinary brass, trimming the edges to remove the “bur,'’ and planishing the faces 
under the action of a hammer to form the face of the button. This is embossed at the same moment 
tiiat the maker’s name is stamped on the back by means of cameo and intaglio dies. The shanks are 
formed of wire, which is run out by machine and cut off in sections of the proper length by a pair of 
shears, while a stud descends on the middle of the detached section, and forces it between the jaws 
of a vice, which give it the form of a staple or loop. It is then levelled by a blow from a small 
hammer, and dropped into a box. About a hundred of these shanks are taken out^t a time and 
placed in position on the discs for which they are intended, being retained for the moment by a 
bent strip of flat iron. A scrap of solder is laid at the foot of each shank, and the whole set are 
then put on an iron plate, and heated in an oven till the solder melts. On cooling again, it fixes 
the shauk, and forms a backing to the button. Each button is then turned separately in a lathe 
specially adapted, and afterwards gilt, electroplated, or tinned, as may be required. 'When the 
face only receives a plating, the buttons are known as “ tops ” ; wheu the whole is thus treated, 
they are called “ all-over.s.” Though the gilding is exceedingly thin, it will receive a poUsh with 
agate or bloodstone burnisher. 

Metal buttons without shanks are turned out by stamping simply. 

Cast buttons are produced by suspending a number of loops of wire — the shanks, with their 
ends expanded, in impressions in a mould, and pouring in the hot metal around them. When 
cold, the buttons are freed from sand, and chucked and turned in a lathe, when they are ready to 
receive polish or plating. 

Livery buttons are now probably the only ones on which the die-sinker is employed, they 
being the last remaining trace of the ornamental application of buttons. 

Covered Metal buttons. — These consist of three essential parts— the mebil framing, the textile 
covering, and the stuffing. The metal employed is exceedingly thin sheet iron, known as 
“ taggers,” made in plates measuring 14 in. by 10 in. The thickness generally used is No. 36 or 38, 
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and the quality varies with the choice of the manufacturer. This is first scaled, the scales being 
removed by acid in order to preserve the tools, and then passed under a special punch. This punch 
is double, the outer portion cutting a circular blank of proper size, while an inner punch descends 
and forces the blank on to a die, so that its periphery is turned upwards, or so that the entire 
blank is rendered hemispherical in shape. These “ shells ” are next annealed in an ordinary 
furnace, and then conveyed to a horizontal revolving barrel, where they are tumbled with sawdust 
till thoroughly cleansed from all dust and grease. The under portion of the “shell,” known 
as the “collet,” is a somewhat smaller disc than the face, and is stamped out in an almost 
precisely similar manner, the inner part being punched out, leaving it with an annular shape. 
As the under side of the button is exposed, one face of the collet is japanned. A circular 
piece of the textile fabric to be used for covering the button is cut out by a die of the proper 
dimensions, and a pad or stuffing made of soft paper, silk, and thread (or sometimes of specially 
prepared paste-board covered with a bit of canvas) is punched into shape and 'fitted into the 
vacant space between the two metallic discs — face and collet. The discs, stuffing, and cover 
are united to make the finished button, by stamping them in a press with concave and con- 
vex dies, the shank of soft material, through which the needle is passed laterally, protruding 
through the aperture in the collet. The press used in finishing the button is shown in Fig. 430. 
A is a fixed mandrel, B a sleeve thereon supported by a 
spring C. On the upper mandrel D, is another sleeve E, 
sustained by a catch F. The lower face of the mandrel D 
is hollowed, and a projecting annular fmrtion of the upper 
sleeve enters a corresponding portion of the lower one E. 

In using the machine, a shell is placed over the lower 
mandrel, and above it is laid the textile covering. The 
workman then causes the upper mandrel to descend, by 
which the covering is pressed down around the shell, and, 
by the return upward movement, both covering and shell 
are carried up inside the sleeve E. Then is inserted the 
annular piece G, provided with a cavity suitable for 
receiving the combined collet, tuft-piece or shank, and 
stuffing, the last being uppermost. The upper mandrel is 
again brought down, and the shell is thus forced into the 
collet with its accessories, the covering being at the same 
moment turned under. This particular form of button is 
called “ iron-back,” and is shown in its finished state in the 
figure. In another variety of the same class, known as 
“ silk-back,” the face consists of shell and cover, while the 
back is composed of four layers : — A concave circular piece 
of taggers iron somewhat smaller than the shell, a paste- 
board blank, a canvas blank, and outside of all a silk 
blank. These are put together in the manner already de- 
scribed, and then a nipple for attachment to the garment is 
made by a press. 

The oldest and largest button-making firm in the United States turn out about 65 millions of 
iron-backs per annum, consuming for the purpose about 500 to 700 boxes of taggers iron, each 
weighing 112 to 120 lb. The iron is of the very best quality, such as has only recently been 
produced in America. The various coverings — lasting, brocade, twist, &c., and the canvas for 
forming the shanks, are all imported from England, France, and Germany. 

Another method of making covered buttons is as follows. The disc for the shell is left flat, and 
the back piece or collet consists of a smaller circular disc, with a round hole in the centre and 
having its edge cut into eight sharp points, which are so bent as to form nearly a right angle with 
the disc, but incliniug slightly inwards. To complete the button, three pieces of paper and two 
pieces of cloth are required, and are arranged in the following way. On the cloth forming the 
outer covering, is laid a piece of paper of the same size, upon which is placed the iron disc forming 
the shell ; this is overlaid by another piece of paper the some size as the shell, and this again by 
a small piece of paper to help form the shank ; next comes a piece of coarse cloth, and finally the 
metallic collet. In putting on the back, the covering is gathered up over all the materials, and the 
points which are already inclined inwards are passed down into the covering, forming eight little 
hooks, which hold the button together in a neat and effectual manner. The paper stuffing forces 
the cloth to protrude through the hole in the collet, forming the shank for attaching the buttons. 

Pearl Buttons . — The manufacture of buttons from mother-of-pearl is an important branch of 
industry, and is distinguished by the fact that no elaborate machinery, and not more than a few 
shillings of capital, are required. The whole work is done by means of a lathe and skilled hand 
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labour, consequently any efiScient workman can carry on the manufacture alone, and as a con- 
sequence, this particular kind of button-making is carried on by a large number of persons, each 
engaged in a very small way. There are several varieties of pearl, all composed of the nacreous 
gum secreted by several species of mollusc. The finest and purest specimens are obtained from the 
white-edged Macassar shells, imported from the East Indian seas, and worth in this country about 
140Z. to 1601. a ton. The yellow-edged Manilla shells are similar ; but the yellow tinge on the 
border reduces their value, and they are at the same time mere brittle. This variety is principally 
used in Sheflield for delicate knife handles, and fetches 100/. to 120/. a ton. A smaller and less deli- 
cate variety is found in tlie Persian Gulf and Red Sea ; they are known as Bombay and Alexandria 
shells. Their quality is very various, and prices range from 30/. to 70/. or 80/. a ton. The islands 
of the Pacific Ocean yield a so-called black shell, which, when polished, throws out a dark shade 
full of rainbow tints ; portions also, when properly turned, give a white button, nearly as good as 
that from the best Malacca shells. The last and lowest variety, also from the Pacific, is the 
Panama shell, worth 20/. to 30/. a ton. The mother-of-pearl is cut out of the shell by a small 
cylindrical saw ; the disc is turned in a lathe, and, if thick enough, split to make two. A “ dove-taU ” 
hole is drilled in each button to receive the shank, which is fixed by a slight blow with a hammer, 
thus expanding the lower part into the dove tail so as to prevent its being easily withdrawn. 
The waste from pearl-cutting has been utilised for button-making, by grinding it to a fine powder, 
and mixing it with gum, to form a paste, which, on heating, may be pressed in moulds. The 
beauty and iridescent brilliancy of mother-of-pearl are owing to thin plates overlapping each other 
unevenly, and dispersing the light as they reflect it. Ornamental ilutings and corrugations are 
formed in the lathe by means of an eccentric chuck and slide rest. (See Pearl and Coral.) 

Porcelain Buttons . — The process of manufacturing porcelain buttons resembles that of making 
small ornamental articles of earthenware. The moistened clay is pressed into plaster of Paris 
moulds, carefully placed on boards to dry, and then taken to the “ biscuit-oven,” where it undergoes 
the first firing or baking. The baked clay is now called “biscuit,” and is ready for the painter or 
printer. A great number are made uncoloured ; but many also, both with holes and shanks, are 
partly or wholly painted, some with simple, others with complicated designs. The painting is 
effected either by hand or by transfer printing : in either case, the colours are “ fixed ” by the 
articles being baked in a muffle furnace or enamel kiln. In transfer printing, the design required 
is printed from copper plate, by means of a peculiarly prepared ink, on thin tissue paper, which is 
then placed, while the impression is still moist, upon the biscuit ware and allow^ to dry, after 
which it is removed, the design having become transferred from the paper to the biscuit ware. The 
design is then burnt into the article in a muffle furnace. This baking effectually removes the oil 
used in preparing the colour, and leaves the button ready for the glazing process. Each muffle 
furnace is furnished with a little tramway, which traverses the interior of the furnace and projects 
forwards into the bakehouse. This tramway is provided with small, flat, movable iron platforms, 
on which the “ frames” containing the buttons are carefully piled aud then wheeled into the oven, 
around which a steady fire is kept constantly circulating. When the baking has been completed, 
the button is subjected, if required, to the glazing process, which is the same as that used for common 
porcelain, after which the shanks are added. (See Pottery.) 

Glass Buttons are moulded by pinching the material, while in a half soft condition, in a pair of 
hot pinchers, which are furnished with a die if it is desired to impress a design on the buttons. 
(See Glass Manufacture.) 

Shirt Buttons . — Common white shirt buttons are made in the following way. Finely powdered 
steatite is saturated with soluble glass, the mixture is dried and repulverized, and the powder thus 
obtained is pressed into moulds by suitable 
machinery. It is then fired or baked in fur- 
naces, again dipped in soluble glass, aud a 
second time submitted to the furnace. When 
cool, the buttons are polished by being put 
into a rotating barrel with water, then dried, 
and again polished by rotation in a similar 
barrel with soapstone powder. 

Turned Buttons . — Buttons made from ivory, 
bone, horn, woods, and such like substances, 
are turned in a button lathe (Fig. 431), and 
the holes, varying in number from two to four, 
are drilled, while the button is in the lathe, 
by means of long drills converging towards the 
button and forming* all the holes at once. The cutter of the lathe is like a centre-bit, only both wings 
are cutters instead of one being a router. On the tool revolving, the centre pin transfixes the sub- 
stance, and the wings circulating cut out a round disc, which is advanced towards the cutter by a 
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sliding bar in the back poppet head. In the machine represented in the figure, the moving jaw of the 
clutch is forced against the blank by a spring, and drawn back again by a depression of the treadle. 
The bits are brought singly and alternately against the blank, being moved thereto by the bell- 
crank hand-lever. The woods chiefly employed are ebony, boxwood dyed black, and cocoa-wood. 
The so-called vegetable ivory or Corozo (Comsso, Corusco) nut consists of the hardened albumen of 
the interior of the nut, which is the fruit of a species of palm, Phytelephas niacrocarpa, imported 
from the northern part of South America and from Central America, The nut grows in bunches 
as large as the double fist, but less than half of it is fit for use. It is milky white, lighter and 
softer than ivory, easily turned, and will take any shade of dye. Its value is about 25^. to 30/. per 
ton. (See Nuts.) 

Button~moulds . — These are little turned wooden discs perforated in the centre, and exactly 
resembling miniature quoits in appearance. They form the shell over which a covering of cloth or 
other textile fabric may be sewn, so that the pattern can always resemble that of the garment on 
which the button is used. They are principally made in the south of France, where suitable wood 
is not expensive, and are imported into this country by millions. They are used almost exclusively 
on women’s and children’s attire. 

Button Machinery , — During the last four or five years, several improvements have been effected in 
button making and ornamenting macliinery, the principal of which will now be described. 

An ingenious invention for polishing or finishing buttons made of horn, bone, wood, or Corozo 
nut, consists in subjecting them to frictional contact with prepared chalk, pulverized charcoal, or 
other fine cutting material, mixed wdth spirits of turpentine, naphtha, or such other liquid as, unlike 
water, will not “raise the grain” of the substance of which the buttons are made. They are by this 
means brought to a better finish in a few hours than was hitherto possible in several davs. When 
it is designed to ornament the buttons by “lining ” or marking them with sharply-defined annular 
lines, they are subjected to frictional contact under pressure of a die having an axial movement, by 
which, in addition to securing the requisite smooth surface, the colour of any dyes previously 
applied is rendered more vivid and bright, and the “ lines ” are made without the raggedness of 
contour resulting from the use of a cutting tool. 

Fig. 432 shows a vertical section of the apparatus employed in polishing and “ lining ” buttons, 
on the line xx, Fig. 433, which is a horizontal section on the line yy of Fig. 432. In practice, the 
buttons are taken either as they come from the lathe, or, when coloured, as they come from the dye, 
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then placed in a common tumbling box, which is made to revolve for several hours, varying 
according to circumstances, and continued until the requisite smoothness of surface has been 
obtained. 

Tiie bed A is provided at its forward end with a flat circular disc or carrier plate B, 
furnished at its periphery with radial teeth a, and. concentric with its axi^ with an annular 
series of holes 6, these holes having a dimension and form corresponding^with those of the 
articles to be polislied, and extending quite through the carrier plate. The carrier plate itself 
is furnished with a downwardly projecting axial shaft c, which works in a bearing formed in 



BUTTONS. 


561 


the fixed plate C, which last closes the lower ends of the holes b, except as presently described. 
At the back of the plate C, is a vertical guide a', in which works a lifter D. Upon the upper 
end of this lifter, and within the guide, rests the die E, while around the upper portion of 
the guide, is a steam chamber 6', furnished with steam pipes d connecting with a generator, and 
designed to heat the die E by circulating steam through the chamber. Arranged vertically. 



coincident with the lifter D and the die B, is a rotating die F, working in bearings provided in the 
lower part of the sliding head G, which moves in suitable guides A' fixed upon the bed A. This 
head carries an upright shaft G', upon the upper extremity of which are fast-and- loose pulleys O 
and B', and which carries at its lower end a pinion D', gearing into a spur wheel F'on the rotating 
die F. The pulleys have a belt G* running to a shaft. The position of the two dies E F is such 
that, as the carrier plate B is intermittently rotated, the holes b will pass in succession immediately 
between the dies, to permit the upper or rotating die to pass through the holes, to act in conjunction 
with the lower die, which remains fixed except when lifted to discharge the finished articles. A. slot 
is formed in the plate C, coincident with the adjacent portion of the series of holes h, an 1 indicated 
in dotted line at e in Fig. 433 ; below it is an outlet chute /. The lower extremity of the lifter 
D is slotted, to allow a lever g to pass through it, one end of which lever is pivoted at one aide of 
the frame A, while the other end is curved upward to rest upon a cam rt on a shaft H extending 
along the opposite side of the frame. The shaft H has a spiral disc h at its forward end, which 
gives an intermittent rotary movement to the carrier plate, insuring the retention of each hole b in 
succession above the die E and below the die F for a certain definite time. The shaft H gears by 
bevel wheels n r with a bell-crank shaft J, driven by spur gears s t from a driving shaft K furnished 
with a pulley m for a driving belt. L is an elbow lever, whose extremity e" is pivoted to the lower 
part of the sliding head G, and whose free end connects by a pitman lo with the crank m of the shaft 
J. To the bend of this elbow lever, is pivoted the bar z, whose upper end is pivoted to the fixed 
guides A', in such manner that the bar and the part e" of the elbow lever form together a toggle 
joint, capable of giving a vertical movement to the head, from the rotation of the crank ; the down- 
ward stroke of the latter continually increases in power as the toggle joint straightens. M is a 
bellows which, being actuated during the downward stroke of the crank m, by the striking of the 
stud m" of the elbow lever L upon the arm n" of the bellows, sends a puff of air through its nozzle 
r" to blow away any dust which may have accumulated upon or near the dies. The method of 
operation is as follows : — The buttons are placed singly in the holes b, and by the movement of the 
carrier plate are brought under the rotating die F. The movement of the carrier being suspended 
for a moment, the sliding head G is brought down with great force by the straightening of the 
toggle joint, the die F on the head G being meanwhile rapidly revolved by the action of the belt on 
the fast pulley O'. As a consequence, the button is subjected simultaneously to great pressure and 
to the frictional contact of the die F upon its upper or outer surface, the force of the die corre- 
sponding in contour to the surface of the button. It is thus effectually smoothed and burnished, 
the colours are brightened, and the lines are sharpened without crumbling. This operation con- 
cluded, the continued working of the machine lifts the die F, whereupon the cam m raises the 
lever g, while the yfter D forces up the lower die till its top is level with the upper surface of the 
plate C. Then the action of the cam A on the teeth a turns the carrier plate B, until the hole con- 
taining the button is brought over the slot e, whereupon the button falls into the chute /, away 
from the machine. The same movement of the machine also brings the next hole into proper 
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position with regard to the dies, so that the whole operation is oontinnons, and the work is per- 
formed with speed and economy. . i- . 

Figs 434 and 435 represent an apparatns nsed to give a coloured ornamentation to buttons. 
N is the'supporting framework, furnished at top with two longitudinal guides a, upon which runs 
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a carriage F, having an upright cleat h at each end. Between these cleats, is extended a series of 
ti<^htly drawn parallel threads i, whose distance apart will correspond to the space desired between 
the colour markings on the button. In the bottom of the carriage P is a disc, flat on the top but 
spiral beneath, fitting into a seat in the carriage bottom in such a way that when turned by means 
of the thumb piece e on the shaft fit will be raised, and, constituting the cam c, wiU lift the board 



K placed upon it. This board is indented in its upper surface with numerous cavities v, which 
receive the buttons to be ornamented, and retain them with their upper surfaces projecting somewhat 
above the corresponding surface of the board. By turning the disc or cam c, the board is lifted till 
the buttons are brought up s ugly against the threads i. W is the shaft of the cylindrical 
brush E*, and has a pulley a* furnished at the outer end with a crank b^. Upon the frame below, 
are two pulleys e,f; at the outer end of the carriage P is a pulley g, and at the inner end a hori- 
zontal arm h carrying a pulley i*. An endless band k passes over these pulleys, and upon the 
extremity of the arm A is a cam lever f, by which on occasion the band may be gripped against the 
pulley I*, thereby attaching the carriage for the time being to a definite point of the band k. Under 
this condition, the rotation of the crank in the direction of the arrow causes the carriage to be 
drawn inward, passing underneath the brush, and at a speed bearing a proper proportion to that of 
the rotation of the brush. Behind the brush, is a trough C containing the liquid colouring matter 
to be applied to the buttons, and revolving in it is a feed roller D, working in contact with the 
brush and supplying it with colour, while E is a scraper arranged behind the feed roller, and 
regulating the thickness of the film of colour. The roller is rotated by gear wheels W U, or by a 
band running on pulleys. In front of the brush, parallel to and in contact with it, is a trough- 
shaped spattering bar F, below which, with its edge projecting a little farther back, is a secondary 
trough/^. The effect of working is that the carriage is drawn back towards and under the brush 
simultaneously with the rotation of the brush, which latter is charged with liquid colour from the 
feed roller, and its bristles striking forcibly against the spattering bar, the colour spatters in fine 
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drops upon the surface of the buttons not protected by the threads, dyeing that portion of them^ By 
turning the board half round, the pattern may be made in checks, and various other devices may 
be produced by modifying the disposition of the threads. In order to change the position of the 
board or to remove it, it is only necessary to turn the cam c, which lowers it. The object of the 
secondary trough/^ is to catch from the brush any large drops which might otherwise fall upon the 
carriage during its movement below, and thus spoil the work. By loosening the cam lever f after 
the carriage has been brought to the rear of the frame, it may be run forward to its original position 
without the pulleys and band. 

A simple method of mottling Corozo nut or vegetable ivory buttons consists in inserting in the 
pot containing the mottling liquid a vertical pipe or tube extending to very nearly the bottom, and 
from which a conical pipe is supported horizontally and at right angles to it. The nozzles of the 
pipes are brought close together, so that by blowing or forcing air into the horizontal one a spray 
of the mottling liquid will he caused to rise in the vertical one, and is thus directed on to the buttons. 
The simplest of the many ways in which these pipes may be arranged is seen in Fig. 436. A is the 
pot, to which the vertical pipe B is secured ; C is the horizontal pipe held in place by the support a. 
Stripes, checks, or other patterns may be produced on the buttons by means of the frame D, Fig. 437, 
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around which are arranged any desired number of pins or hooks ci, whereon is secured netting of 
silk, twine, or wire c, or the threads may be stretched from pin to pin so as to form a variety of 
patterns. The frame with the pattern is placed over the buttons, and the mottling liquid is then 
blown over them in the form of spray. Devices may also be stamped in thin metallic or other 
sheets. The proposed compmmd for polishing vegetable ivory buttons is 4 pints ivory nut shavings, 
J pint prepared chalk, J pint terra Tripula (Tripoli), | pint terra Vienna, and J pint pumice. 
This quantity will generally suffice for fifty gross of buttons. The buttons and compound are 
placed together in a vessel, and rotated or shaken till sufficient polish has been imparted. Any 
of the fomr last ingredients may be used separately, but always with the ivory nut shavings. 
They may be made into a liquid by the addition of water or spirits of wine, and may be used on 
the polishing lathe either wet or dry. 

Figs. 43S and 439 show front aud end views of a recent improved apparatus for manufacturing 
buttons, &c., from boue, vegetable ivory, and wood, its chief advantages being that skilled labour 
can be dispensed with, injury to the hands of the workmen prevented, and a greater quantity of 
the articles made in a given time than is pos.sible with other machines in use. At the rear of 
the bed-plate A, is arranged a shaft B, on which is a pulley C for a band D, operated by an over- 
head or underneath motion. The shaft carries at one end a bevel pinion gearing into a corre- 
sponding wheel on a short shaft H at right angles to the shaft B. The shaft H has a couple of 
cams or eccentrics I upon it for actuating (through the intermediation of the sliding bars K L) the 
opening and closing of the revolving tools M N, by which the piece of rough material put in 
between them is cut and brought into the required shape, in accordance with the class of tool 
furnished to the tool spindles P Q. These last are driven by independent motions E, and thus 
revolve, the rotation for cutting purposes being in addition to the end-on motion from the cams 
and slide-bars. To the front of the bed-plate A, is attached a plate T, or it may be a skeleton 
frame, from which there projects towards the machine a rod U, at the end of which is fitted a 
jaw, for the piece of rough material to be put against by hand. Hinged to the plate or skeleton 
frame T, is a counter jaw 6, by which the piece of material is held in by pressure of a spring c, 
while the tools approach and perform the cutting. This spring is attached to a lever bar d, aud 
the pressure is removed by a backward travel of the spring and its bar through the action of a 
plate, on which is cf roller running in the race of cam /, on the forward end of the short shaft H, 
the release of the waste piece and the shaped button being effected by the attendant before 
putting in a fresh rough piece. Sometimes a receiver is arranged between the fixed jaw and 
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the saovable one, so that the piece of rough material can be put in while the jaws are apart, thus 
preventing injury to the fingers. The receiver is composed of two wings or cup plates, which can 
be opened when the tools retire after completing the cutting, and allow the article and the waste 
to fall into a receptacle beneath, closing again for the reception of a fresh piece. 
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The Figs, from 440 to 444, both inclusive, refer to a German improvement in presses and 
appliances for the manufacture of composition buttons in imitation of horn and vegetable ivory. 
It consists in providing the bed-plate A of an ordinary screw or lever press B, with a set of half- 
dies 0, capable of being raised and lowered by a hand lever D, and sliding wedge plates formed 
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of zigzag bars E E, which move in slots formed in a plate F, the upper part of which has chamfered 
or rounded-edged holes, in which the half-dies move. The “ force ” or head 6 of the press has 
upon its under side a corresponding number of half-dies H, these being formed by long pins or 
studs I, that they may pass through holes in a perforated plate J (Fig. 443), by which the composi- 
tion forming the buttons is fed to the lower half-dies. The plate is capable of easy removal for 
each feed ; it has a groove on each side-edge for a plain plate to be slid in to serve as a bottom, upon 
which the pieces of prepared composition rest when put into the holes in the perforated plate. 
The two plates act like a box; when charged it is put over the lower i^alMies C, and the 
plain plate is then drawn out and the pieces of composition fall down on to the top of the 
lower dies ; the force G is then lowered by rotating the handles L, and the pieces of composi- 
tion become transformed into buttons of a shape and thickness corresponding to the distance 
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between the half-dies when the pressure is on. The half-dies, top and bottom, may have any 
device or design upon them, and one of them may have a couple or more of pins projecting to form 
the holes for sewing purposes ; or a short pin M may be upon, say, the upper half-die, by which 
the back of the button is formed, the pin M then making a hole of sufficient depth for the reception 
of a metal eyelet, shank, or loop, which can be inserted after the button is removed from the press. 
In fitting metal shanks to such com- 
position buttons, the shank pins are 
arranged in holes formed in a plate N 
(Fig. 444), and with the loops exposed 
that they may readily be taken hold of 
by a pair of pliers. This plate has a 
recess under it, in which a gas or 
other burner is fitted, for heating the 
plate, and for imparting sufficient heat 
to the shanks, that their pins may 
enter the holes in the button backs 
when applied, the heat softening the 
composition and forming the attach- 
ment of one to the other. The ingre- 
dients forming the composition, after 
being mixed in suitable proportions 
and of the colour desired, are placed 
in a caldron enclosed in an outer vessel, 
the space between the two vessels 
being filled with sand, to maintain an 
uniform heat. Tlie composition, when 
heated to the proper temperature, is 
stirred and rabbled into a stiff pasty 
consistency, and used as desired. This 
is removed from tlie caldron in suit- 
able pieces and rolled in long strips, 
from which are cut smaller pieces, to fill 
the holes in the perforated plate. The 
rolling operation is done upon a hot plate, and the first-named perforated plate is heated partly 
by the hot plate and partly by the press, the half-dies in which are also heated, so that the 
composition, from the caldron to the finished button, is kept at about one temperature. The 
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pressure is maintained upon each series or group of buttons for a few seconds, and when the “ force ” 
is lifted, the first-named perforated plate is removed, and made ready for the reception of fresh 
pieces of the composition. The lower half-dies are then lifted by the sliding wedge bars, to lift 
the made buttons above tlie level of the holed plate on the bed. A many-tined fork is then put 
in between the raised half-dies, and the buttons are lifted off the dies by the tines, the superfluous 
composition being removed and thrown bock into the caldron to be rabbled along with the other. 
The rough edge of ^ach button is tlien dressed by a plunger tool. Instead of making holes in the 
buttons by the pressure operation, a cone-shaped lump can be left upon the back of each, through 
which a hole can be made parallel with the back by a heated piercer needle, the socket of which 
rides in a kind of box. The socket can be pushed in a given distance, to force the heated needle 




566 


BUTTONS. 


through the lump on a button put into a receiver or socket ; the socket then recoils under the action 
of a spring, and the pierced button can then be removed. 

The common practice in turning buttons, &c., is to employ a machine having two spindles 
mounted in line with each other, and revolving at a high speed, the cutting tools being fixed in the 
spindles, and the material to be operated upon being held between them by means of a “ steady ” 
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and “ grip,” together forming a pair of tongs. The grip and cutting tools are worked by the 
operator by means of handles, and require a considerable amount of manual labour and skill in their 
manipulation. An improvement upon this plan consists in actuating the grip and tools by means 
of cams in connection with levers and rods in a self-acting manner, so as to open and close the grip, 
and push one or both tools backwards or forwards as required, enabling a girl to do a large amount 
of work without great labour or skilL Figs. 445, 446, show a side elevation and plan of the 
machine suitable for turning buttons of wood, vegetable ivory, and similar substances; a is the 
framing of the lathe; 6, 6' are spindles revolving in bearings on the framing; at tlieir ends they 
carry the tools for turning the front and back of the button respectively ; they are driven by straps 



taking on the pulleys c,c'; d is the “ grip ” ; e, the “ steady ; ” 4 is a cam mounted on a spindle, 
revolving in bearings, and caused to turn by means of a pinion m, the teeth of which gear with 
teeth formed on the circumference of the crank ; the pinion m is mounted on a spindle, which is 
caused to rotate in its bearings by a strap taking on the pulley n. The crank is formed on the 
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ouUide with a groove, in which works a roller /, mounted on a bar or connecting-rod g, which is 
guided at one end in the bracket q, and at the other end is attached to a spring / by means of a 
screw r and nuts, as shown, whereby the tension of the spring can be regulated. The spring / 
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is, by preference, jointed below, and serves to pnsh the grip d against the piece of material. The 
groove in the front side of the cam h is shaped so as to make the grip self-acting, allowing the 
piece of material operated upon to drop in the moment the operation is finished, when the operator 
places another piece in the grip. The back of the crank k is also formed with a groove, in which 
works a roller V mounted on a stud in the bracket 
i*, which, by means of a set screw, is fixed on a 
square bar h that is guided in the framing a, but 
by preference works through stufling-boxea. The 
bar A has a similar bracket * at the other end. 

Through the brackets i,i, are passed the screws^,/, 
which abut against the ends of the spindles 6, h' 
connected by the staples s, s', so that the spindles 
are made to partake of the movement of the bar, 
which is self-acting, and so timed and arranged 
by the shape of the back of the cam A that the tool 
on the end of the spindle 6 first cuts the face of 
the button, and then that on the end of the 
spindle 5' cuts the back of the button. There- 
upon the grip is opened, and the button falls out, 
a piece of new material is put in, and the opera- 
tion continnes. Fig. 447 shows a part of a self- 
feeding appliance which is suitable for small 
articles that are turned very quickly ; t is a ring, which is made to revolve on four rollers placed 
equidistantly within it (not shown), formed with ratchet teeth all round, and actuated by a pawl. 
Motion is communicated by a lever and rod from a roller working in the outer groove of the cam k. 
The ring i is formed with holes in it ; at each hole is a spring « for holding the piece of material ; 
e is the steady. The pieces are fed in at leisure, and without the hand of the workman coming 
near the tools or grip. 

The next machine (Figs. 448 to 452) to be considered is an American invention, enabling all the 
operations of manufacturing covered metal buttons to be performed automatically. On a standard A, 
is a horizontal table, consisting of an under solid plate B, and turning in cont.ict with it a plate 0, 
having near its outer edge a series of holes c slightly larger than the button to be made. Above this 
second plate is a ring D, of the same size as the two circular plates, held stationary, but perforated 
with holes corresponding with those in the second plate. The bases of the holes in the plate 0, 
being closed by the lower stationary 
plate, form a series of depressions 



in which the buttons are to be 
formed. The plate C is caused to 
revolve with an alternate motion by 
a suitable cam or ratchet wheel. At 
one side of the table and above it, 
in the line where the holes c re- 
volve, is placed a vertical tube E, 
terminating above in a hopper F, 
where are placed the fillings for the 
buttons, stamped of the proper size. 
A brush is made to vibrate among 
the fillings over the mouth of the 
tube, the effect of which is to keep 
the tube full when once it has been 
filled, and to lay the fillings fiat in 
position, so that they may faU down 
one after another. The base of the 
tube is closed, but a slot is arranged 
in one side, just large enough to 
allow of the exit of one filling at a 
time, and a reciprocating bar G, 
entering at the opposite side of 
the tube, pushes the fillings out in 



succession, so that, they fall through the holes in the upper ring D into the holes c as the revolving 
plate 0 turns round. A little beyond the tube of fillings is a hopper H for the metal faces. These 
are placed in the hopper H, whose bottom is inclined towards the centre from each end. In the 
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centre, is a slot-shaped depression h\ running across the hopper in a direction towards the revolving 
plate which turns beside it. It is but little larger than the metal faces, and just deep enough to allow 
them to catch and rest in it. The hopper tilts backwards and forwards, makiug the faces slide over 
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the depression h*. The machinery for causing the tilting is a cam-wheel P, operating in opposition 
to a spring (not shown), against a roller p on the end of a connection, with an arm fastened to the 
hopper, and projecting below the point at which it is pivoted, so as to tilt. In Fig. 451, one of the 
metal faces is seen in section, resting 
in the depression. In the hopper is 
a vibrating brush or pad I, swung by 
the arm pivoted at i’, a pin passing 
through an elongated slot in *. The 
lower surface of the brush sweeps away 
any faces not lying in proper posi- 
tion. On the side of the depression V 
towards the revolving plate, there is 
a slot in the side of the hopper H, 
through which the faces pass. After 
each tilting motion, the hopper pauses 
in a level position, owing to the shape 
of the cam wheel P which operates it, 
and the vibrating brush I being then 
also immediately over the depression, 
and the metal faces being lightly held 
in their position, they are pressed out 
of it by a reciprocating bar K through 
the slot k on the surface of the re- 
volving plate, where they all lie with their turned edges downward. While the liopper is tilting, 
the slot in the side may be kept closed by a spring (not shown), which may also be arranged to 
open the slot when the hopper comes to a level position. The reciprocating bar K is shown 




actuated by a lever M pivoted at m, motion being given in one direction by' the cam wheel P 
th the lever M. Motion in the opposite direction is given to the lever by a spring N. 
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As the reToMng plate turns, the metal faces are brought underneath a revolving brush L, standing 
above the plate and turning on a vertical shaft, arranged in a suitable beariug connected with 
the frame of the machine. The revolving motion of the brush L may be given by cords or belts 
fiom wheels 1. The operation of the brush L is to sweep the metal faces into a guide Q on the 
surface of the revolving plate, which conducts them one by one to the holes in the upper surface 
of the plate, into which the paper fillings have already been put. By tliis means, into each of 
the holes is placed a paper filling, and immediately over it one of the metal faces with its edge 
turned down, so as to embrace its sides. In case the revolving brush brings the metal faces to 
the entrance of the guide, which conducts them to the depressions in the revolving plate, more 
rapidly than the guide delivers them, the surplus metal faces pass off by the side of the guide and 
are carried around by the plate to the opposite side of the machine, where they are guided oflf by 
the guide E, and may then be placed again in the hopper H. Each depression is next carried by 
the revolution of the plate under a punch S, which is arranged to descend into each as it comes 
beneath, and by a touch adjusts the metal face over the paper, so that the edges of the metal will 
enclose the paper filling. Immediately adjoining this punch is another punch T, by the descent 
of which, as successive depressions containing the fillings and faces fall beneath it, each metal 
face is firmly pressed down into the depression over the metal face, and its edges clenched around 
the paper filling. By the shape of the same punch, any desired configuration may be given to the 
button. Immediately adjoining this second punch is arranged a third punch U, having at its 
extremity one or more pointed instruments (not shown), which punch the necessary holes through 
each button. The punches should be arranged at the same distance apart as the holes c, and may 
be caused to descend and rise by being attached to frames sliding in ways V, and operated by a 
knuckle-joint W, moved by connections with the crank shaft X. The button, by the operation 
of the punch last mentioned, is finished except japanning ; and after being carried a little farther 
by the revolving plate, is dropped through a hole in the under stationary plate into a recep- 
tacle beneath fhe machine, or it may be driven down through the hole in the plate B by a pin, 
operated by a sliding frame, the same as, or similar to, that which operates the punches. A 
compact arrangement for operating the several parts of the machine is shown in the figures; 
the vibrating brush, the reciprocating bar G for expelling the fillings from the bottom of the 
tube E, the punches and the pin, being all operated by the fr^me sliding in the ways V. The 
same cam wheel P also causes the tilting of the hopper H, and moves the reciprocating bar K. 
The machine is operated by a crank or by power applied to the crank shaft X, and motion may 
be given to the revolving plate or table, and to the cam wheel P, and from it to other parts of the 
machine, through pinion wheels connecting with the main crank shaft X. When it is desired to 
make buttons with two metal faces, an upper and lower one with a filling of paper or other material 
between them, the arrangement and combination is modified so as to introduce a second hopper 
for holding the under metal faces. Both metal faces have turned edges, as before described, and one 
is made slightly smaller than the other, so as to go within the edges of the other. The fillings are 
made of a proper size to go within the smallest of the metal faces. 

Self -fastening EHitons.— Hitherto have been discussed only those kinds of buttons which, by 
means of holes pierced through them or by looped shanks attached to them, may be sewn on to 
garments with ordinary needles and thread. But an infinity of plans have been devised for making 
buttons which should be self-fastening, that is, possessing in themselves the means of attachment. 
One plan in very common use is to have a bent wire in the form of a figure oo , but open at one end, 
which is inserted through the looped shank on the button, after the latter has been thrust through 
the material of the garment. By another method, two small bell cranks with long and short arm 
are mounted on the shank of the button, and provided with angles against which a spring presses, 
keeping the bell crank in position after the style of the spring in the back of a penknife. A direct 
pull outwards suffices to dislodge the button when necessary. Sometimes links are used with a 
metal washer. A description of all the improved forms of buttons introduced, even within the last 
few years, is quite inadmissible, on account of the space it would occupy ; but it will be advan- 
tageous to refer to the principal half-dozen varieties, on account of both the ingenuity displayed 
and the principles involved. 

The form of a self-fastening button having a screw passing from the back of the material into 
the head of the button is shown in Fig. 453. 

Hart’s self-fastening button consists of a button with a shank formed of strips of metal or wire 
which will bend without breaking, and provided with a washer (Fig. 454). a shows a transverse 
section of the button fixed ; 6 c, the two sides ; d, the button with the washer ; e, the washer ; /, the 
metallic strip forming the shank. The shank should not be so long as to subtend the washer when 
turned down. 

Fig. 455 (a, b, and c) represents a button with a movable head, so that the shank may be placed 
through the button-holes. The head is hollow, is partly filled with caoutchouc, is perforated on 
the under side, and has an internal groove or recess crossing the perforation at right angles. The 
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shank terminates at one end in a disc, and at the other in a short transverse bar, so as to form a 
cross-head, as shown in a. To nse the button, the cross-head D is passed through the button-hole 
in the fabric, and a caoutchouc washer is put on the shank B, to prevent it falling out when discon- 
nected from the button head. The shank is then secured to the head, by passing the cross-head 
through the aperture B (6) and turning it one quarter round, when it is forced into the groove M, 
and retained by the pressure of the rubber R ; c shows the complete button attached. 

Bamum’s button, an American invention, shown in Big. 456, consists of a long shank A formed 
into a T at the end ; and between the button and the cloth is a piece of rubber B through which the 
shank passes. A washer provided with a slot and a slight depression in it is placed at the back. 
The X is pushed through the slot and turned so as to fall into the depression, the spring of the 
rubber then draws the button firmly up to the washer, and holds all parts beyond the chance of 
slipping. The cloth is strengthened by the fastening, and the lap of the button-hole about the 
button is rendered better by reason of the space between the button and the febric. 



In Fig. 457 is seen an automatio fastening by means of a shank shaped into head, neck, and 
shoulder, passing through the fabric and fitting into a circular metallic socket in the knob of the 
button, the socket being so devised that on tlie shank being pressed in up to the shoulder the edge 
of the socket is forced to bend in and close round the neck of the shank and so prevent the latter 
being withdrawn : A shows the shank, with a the head, 6 the neck, and c the shoulder ; B shows 
the head of the button, with the metallic socket d in the centre, and the orifice of the socket of equal 
diameter with the bead a of the shank. On the shank being inserted in the socket, and pressed in 
till the shoulder is forced against the thin metallic circumference e of the orifice, the latter bends 
inwards and closes round the neck of the shank as shown in C. 

According to another plan, the button consists of two parts, a head and a shank, held together by 
a spring of indiarubber or other material. The head piece is provided with a slot in the centre 
passing quite through the head, and a cross slot passing not quite through. The shank consists of 
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a foot-plate, with an upright stem and cross-piece. "When the button is to be attached, the cross- 
piece is put through the slot till it presses on the spring ; it is then given a quarter-turn, and 
falls into the other slot where the spring holds it. By reversing the operation, it can be taken 
out. 

Sometimes one or more spiral metallic springs are used to effect the same purpose. 

To obviate the button-hole from cutting through the thread which fastens the button on, the 
button is sometimes made as shown in Fig. 458 : a o is the base of contact of the button with the 
material ; 6, the annular surface to receive the button-hole ; c, a flange to retain the button in the 
button-hole ; d, a circular projection to prevent rubbing the thread. Holes are made through 
the bottom for fastening as usual. The button may be of any material, and either naked or 
covered. 

An improved linen button consists of a metallic blank having two holes for sewing on to the 
dress, which is laid in a recessed die or bed having a corresponding recess for the linen disc ; a sheet 
with an interior flange is then laid on the linen, and finally the back is put on the iuterior of the 
shell, and the whole is “closed up.” The button is more durable than the ordinary form, and 
the cotton or thread, lying beneath the surface, is prevented from cutting in the wear. 

A form of solid leather button designed to strengthen the shanks and prevent their getting 
loose and comiug out, consists of a fixed metallic plate or collar on the underside of the button. 
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which plate is provided with a slot or hole in the centre through which the bow is passed. In the 
act of fixing the plate or collar on the underside of the button, the button is provided with a recess 
round the shank, into which the collar is dropped ami firmly held by the pressure employed in the 
construction of the button. A substitute for shanks is composed of metallic prongs of round wire, 
or cut from sheet metal, secured to the head of the button in the same way as the shank, and 
varying in number. If preferred, a metallic collar may be used in combination with the prongs 
and placed outside them. The latter are then put through the collar in the act of fastening the 
button on the material, and the prongs are tnmed down within the collar and firmly driven in, as 
shown in Fig. 459, A and B. 

45 ?. 453 . 459 . 460 . 



A proposal for doing away with the stiflfness in fastening buttons is to have a ball and socket 
joint, the end of the shank being spherical, and moving in a hemispherical hollow, giving it 
a certain amount of flexibility. 

The last button that will be noticed is that shown in Fig. 460. It is formed as usual, except 
that the underside is made with a projecting neck, having a hole in the centre. On each side of 
the neck, is a slot in which slides a catch consisting of a slotted slide piece. The fastener is 
composed of a stem of metal with a flange or collet at the lower end, the other end being pointed 
or coned and shaped with a groove at a short distance from the end. The figure shows the under- 
side of the button with the catch ; a, the underside of the button ; b, projecting neck ; c, hole in 
the centre of neck ; e, slotted catch sliding in the slots in the neck. The slot e* is enlarged at one 
end, / corresponding with the hole o. The diameter of the stem of the fastener allows it to pass 
freely, but without shake, through c and /. 

Seat of the Industry.— Ths principal button factories are distributed, in about the following pro- 
portions, in and around the towns named : — London, 58 ; Birmingham, 161 ; Paris, 140 ; Brussels, 
5 ; Vienna, metallic 15, porcelain 5, shirt 6, silk 11 ; Prague, several ; Berlin, 49 ; Barmen, 29 ; 
Liidenschied, 14 ; Elberfeld, 9 ; Hamburg, 5 ; Stuttgart, 6 ; Darmstadt, 3 ; Offenbach on Main, 
3 ; Lubeck, 2 ; Breslau, 2 ; United States, 55, principally in New York (19) and Philadelphia (13). 
There are also several factories at Lyons, and one at Milan. 

As regards the home manufacture, Birmingham turns out principally metallic buttons, and 
exports large quantities of linen shirt-buttons to France, though unable to compete with her in 
some other classes. It produces also some few glass buttons, and consumes about 15 to 20 tons 
of Corozo nut a week, for making vegetable ivory buttons. For pearl button-making, it uses 
about 2 tons weekly of the best shells, and perhaps 20 tons of the inferior sorts. France 
manufactures far more buttons than we do. She exports immense quantities of wooden button 
moulds to this country, and is known for bone, pearl, vegetable ivory, and glass varieties, the 
chief factories being concentrated in some three or four towns distant 40 to 60 miles north of 
Paris. A few years since, France enjoyed almost a monopoly for porcelain buttons ; but since the 
destruction of Orleans by the Germans the trade has gone Bhinewards. Germany (including 
Austria) exports more buttons than France and England combined, supplying the markets of 
America, as well as those of northern, eastern, and southern Europe. She excels in cheap articles 
with a good outward appearance. Vienna is known for pearl buttons, eclipsing Birmingham in 
that branch, and several German towns have taken up the porcelain button-making, which does 
not seem to have made its way across the Atlantic as yet. Prague is now the great emporium for 
porcelain buttons. One works there possesses fourteen machines, costing only about 2.51. each, 
which turn out individually an average of 1600 buttons a minute. The great bulk of the glass 
buttons, too, are made in Bohemia, where the cheapness of labour and raw material enables them 
to produce a good article at an absurdly low figure — about lid. per 20,000, it is said. 

Imports and Experts. — The values of the imports of all kinds of buttons, excepting metallic 
buttons, for the year 1878 were, fi:om Holland, 405,2101. ; France, 192,2361. ; Germany, 32,3091. ; 
other countries, 35511. The value of aU buttons (save metallic) exported from the United Kingdom 
to all countries, in 1878, was 72221. 

(See Bone; Celluloid; Glass; Ivory; Nuts; Pearl and Coral; Pottery.) 

CAMPHOK. (Fk., Camphre ; Geb., Kampher.') 

The name “camphor” is technically applied to a great number and variety of gum- resins, all 
of vegetable origin, and possessing more or less similar general characteristics, coupled with minor 
distinctive peculiarities. Three kinds only are objects of commerce ; they are derived from (1) 
Lauras camphora (Cinnamomutti camphora, Cainphora officinaram), the well-known camphor laurel of 
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China and Japan; (2) Vryohalanops camphora (or aromaUcd), a gigantic tree inhabiting the Malay 
Archipelago ; and (3) Bhimea balsumifera. The products are known respectively as Common camphor, 
Borneo camphor, and Blmnea camphor. Each of these will be considered under a separate head ; 
and, at the end of the article, will be added short descriptions of the less-known “camphors” of 
pharmacy. 

Common or Xiaurel Camplior. — C.o H ,5 O. This is a colourless, transparent body, of tough, 
waxy, structure, having a specific gravity about equal to that of water, melting at 175° (347° F.), and 
boiling at 204° (400° F.). It volatilizes readUy at ordinary temperatures, giving ofif the peculiar 
pungent aromatic odour which characterizes it. Eecent researches prove it to be a phenol. It is very 
slightly soluble in water, to which it communicates its warm camphor taste ; but in alcohol, ether, 
fixed and volatile oils, naphtha, aniline, Ac., it dissolves with facility. On subjection to the action 
of oxidizing agents, it is transformed into camphoric acid, and, if the oxidation be continued, 
camphretic acid, C,(, Hu 0 „ will result. 

The camphor laurel is a gigantic evergreen, bearing considerable resemblance to the common 
laurel, except in the matter of size, attaining, as it sometimes does, to a height of 50 ft. and a girth 
of 20 ft., with branches 8 or 9 ft. in circumference. The leaves are shining, and of a bright green 
colour, emitting a camphoraceous odour when bruised. The wood is white and fragrant, and is 
much used by the Chinese in carpentry, as it is proof against the attacks of insects. The chief 
habitat of the shrub is the island of Formosa, where it reaches the greatest size, and where most of 
the camphor of western commerce is produced. It also flourishes in China, the Chusan Archi- 
pelago, and J apan ; the last-named country exporting considerable quantities of the drug. The 
shrub has now become naturalized in most of the tropical and warmer temperate countries of the 
world, as in Java, Brazil, Jamaica, and the West Indies generally. Cape of Good Hope, Mauritius, 
Madeira, and the Mediterranean region ; and it has been proposed to introduce it into South 
Georgia and Florida. It forms a large and handsome tree in sheltered spots in Italy, as far north 
as the Lago Maggiore ; it is commonly found in all the nurseries around Paris, and is not 
unknown in this country. The drug obtained from this laurel is prepared exclusively, or nearly 
so, for the markets of the West, and constitutes the only camphor of European and American 
commerce. As the native processes of collecting and preparing the substance vary in the different 
countries where the shrub is indigenous, it may be best treated geographically. 

1. Formosa. — In the district of this island included under Chinese territory, the camphor laurel 
is not found ; it is confined to the country of the aborigines, and its immediate borders. This 
circumstance is owing to the fact that the extraction of the camphor entails the destruction of the 
shrub ; as this destruction has never been compensated by replanting, the forest has been gradually 
cleared away, the aborigines receding and the Chinese encroaching as the work of destruction has 
progressed. In consequence of the disturbed relations between the two races, thus induced on the 
border lands, the risk attending the camphor trade is very great, the distillers requiring to he 
always on their guard against attack; nevertheless, the industry maintains its ground. The 
method of preparing Formosan camphor is as follows ; — The shrubs, as required, are selected for the 
abundance of their sap, many being too dry to repay the cost and labour of treatment. The best 
part of the wood is secured tor timber ; while the branches and refuse are taken, while freshly cut, 
and chopped up into little pieces for distillation. The stills, built up in sheds and moved as the 
Chinese advance into the interior, are of very rude construction ; over eight or ten hearth fires, is 
placed a long wooden trongh, often a hollowed tree, coated with clay and half filled with water. 
Boards pierced with holes are fitted on the trough, and above these are placed jars contaiuing the 
chips ; the latter are surmounted by inverted earthenware pots, and the joints are made airtight 
by means of hemp packing. M hen the fires are kindled, the generated steam passes up through 
the pierced boards and, saturating the chips, causes the sublimated camphor to settle in crystals on 
the inside of the pots, from which it is scraped off, and afterwards passed through a second process 
of distillation to remove some of the impurities. At the bottom of a copper still, is placed a bed 
of dry powdered earth from an old wall (selected, doubtless, for the sake of the lime it contains), 
and on this a layer of crude camphor ; this is again covered with earth, and so on alternately till 
the vessel is full, the series terminating with a stratum of earth, and being finally covered with 
green mint. A second vessel, usually formed of straw smeared with clay on the outside, is inserted 
over the still and luted on. The apparatus is placed over a regulated fire, and the contents are 
heated for a considerable time. After cooling, the camphor is found to have sublimed, and 
attached itself to the upper vessel. 

For transport from the interior, the camphor is packed in large vats or tubs, provided with 
escape holes at the bottom, and is stowed in carts of rude construction. Through these holes, exudes 
an oily or UMrystallizable liquid, known as “camphor-oil” ( 7 . v. post). Almost all the camphor 
produced in Formosa is shipped from the free-trade port of Tamsui, at the northern extremity of the 
Is an . ^ ^ e characteristic export of the place, and one of the most interesting, forming the 

mam supply of the European markets. It is the only commodity, either of export or import, for 
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vfhieh the Transit Pass system is made use of. From Tamsui, the camphor is conveyed by native 
craft to Hong Kong, Shanghai, or Canton. Hitherto, owing to its being comparatively loosely 
packed, and containing a large percentage of water absorbed during its sublimation from the wood, 
the loss caused by evaporation during the journey between the two ports has been very large. The 
Customs allow for an estimated decrease of 5 per cent, (formerly 11 per cent, was the allowance) ; 
but the actual loss often amounts to 20 per cent. Lately, a hydraulic press has been established 
by one of the foreign firms trading at Tamsui, and the loss has thereby been reduced below the 
Customs’ allowance. Chinese shippers have not yet learnt to appreciate the advantage gained; but 
it wiU be strange if they do not soon avail themselves of it. Until 1868, the Chinese Gtovemment 
enjoyed a monopoly of the Formosan camphor trade ; but it was then thrown open, with very bene- 
ficial results. In 1870 and 1871, attempts were made to re-establish the monopoly, under cover 
of a tax of less than a id. per lb., in itself unimportant. With the removal of the objectional 
features of the impost, merchants have rested content, and things have gone smoothly since. 

There is no doubt that the supply of camphor laurels in Formosa is being gradually exhausted, 
though a number sufficient to satisfy the needs of many years still remains. The seaboard has been 
stripped of its shrubs ; but throughout the mountainous interior, the forests are still untouched. 
At Posia, a fertile plain among the hills in the middle of the island, Mr. Bullock’s party, in 1873, 
found an abundance of camphor laurels: but the civilized aborigines inhabiting the spot are 
ignorant of their value. The prices ruling in Formosa, in 1872, gave a profit of 2 to 3 dollars 
(dollar = 4s. Id.) a picul (133J lb.) to the producer. For the western consumer, the Formosan 
camphor is reshipped, from the Chinese ports mentioned above, in square chests lined with lead-foil 
or tinned-iron, containing 1 J to IJ cwt. each. It consists of small dirty-greyish grains congregated 
together, their sp. gr. when pure being 0 • 98 to 0 • 99. It is always wet, as the merchants cause 
water to be poured into the cases before shipment, with a view, it is pretended, of lessening the 
loss by evaporation. The statistics of Formosan camphor production are as follow : — 

1870. 17,239 cwt., value in place, 29,080/. Of this quantity, 12,368 cwt. were exported, viz. 

to China, 7890 cwt.; Japan, 2576; Bombay, 311 ; Strait Settlements, 1023; Germany, 
Holland, and France, 568. The bulk of that sent to Eastern markets was re-exported to 
the West, the portion which reached England being valued at 45,249/., or an average of 
3/. 16s. 6d. per cwt. 

1871. 11,537 cwt., value in place, 15,048/. 

1872. 17,500 „ „ 

1873. 12,239 „ „ 23,633. 

1874. 14,380 „ „ 25,666. Nearly all of this was sent to Hong Kong, and 

3556 cwt. were ascertained to have been re-exported. 

1875. 8,499 cwt., value in place, 

1876. (About) 11,700 „ „ 

1877. „ 17,500 „ „ 23,710/. Of which about 2700 cwt. went direct to 

non-Chinese ports. 

The imports of Formosan camphor to this country are about six times as great as those from 
Japan. 

2. China. — An inconsiderable quantity of camphor is produced near Chinchew, in the province 
of Fokien, on the mainland of China. The method of preparation, which differs from that in 
vogue in Formosa, is as follows. The freshly gathered branches of the laurel are chopped into 
small pieces, and steeped for two or three days in water; they are then boiled in a suitable vessel, 
meanwhile being continually stirred about with a stick, until the grains begin to adhere to it in 
the form of a white jelly. The fluid is then poured otF into glazed vessels, and is left at rest for 
some hours, when the camphor will be found in a concreted mass. The crude drug is then purified 
as in Formosa. 

The shrub also flourishes in the Chusan Archipelago, growing to a large size if permitted ; the 
natives, however, only use the wood, and do not extract the camphor as on the main. 

3. Japan. — The camphor laurel is widely distributed throughout the three principal islands of 
Japan. It flourishes best in the southern portion of the empire, viz. in the province of Tosa, in 
Sikok ; the mild, damp sea-air favours its growth here, and the principal preparation of the drug is 
carried on in this locality. The districts of Satsuma and Bungo also produce considerable quan- 
tities ; the exports are chiefly from the ports of Osaka and Hiogo, and in much inferior proportions 
from Nagasaki. 

The distillation of the camphor is carried on throughout the year; but the best results are obtained 
in winter. The workmen choose a space where the trees are abundant, and there build a temporary 
dwelling and a camphor still. When the patch is exhausted, the buildings are taken down and trans- 
ported to another locality. The distilling process is very simple ; but is much in advance of the 
methods practised in China and Formosa. A tree is chosen, and as soon as it is felled, the trunk, large 
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roots, and boughs are cut up into small uniform chips, by means of a short-handled axe, and are drawn 
in barrows to the still. This is commonly placed on an incline, in the neighbourhood of a rivulet, 
which will furnish water for the wet distillation of the camphor. The most general arrangement 
of still and condenser, adopted in the Tosa district, is shown in Fig. 461. On a small circular 
stone wall A, serving to form a fire place, lies an iron plate F, 2J in. thick. This is covered by 
a numerously perforated liil, luted 
tightly with clay, which at the same 
time forms the bottom E of the vessel 
B, which is 3 ft. 4 in. high, and 18 in. 
wide at the top. Near the bottom is a 
square opening D. which may be closed 
by a board. The whole is clothed with 
a thick coating of clay 0, held fast by 
a binding of bamboo hoops a. The 
upper opening is closed by a clay luted 
cover G, having a hole in the centre, 
furnished with a cork K. Just under 
this cover, a hollow bamboo stem leaves 
the still, and passes to the condenser 
H. This consists of a four-sided box 
open beneath, divided into five inter- 
communicating compartments by means 
of four partitions, and turned with its 
open side into a vessel M containing water. This condenser is kept constantly cool by a stream of 
water, led over the top by means of the pipe 6. The distillation is conducted in the following 
way .-—After removing the cover G, the vessel B is filled with the chips of camphor wood, the 
cover is reidaced, and well luted with clay; then through the opening K, a certain quantity of 
water is run in, which, after saturating tlie chips, will collect in the pan F. Gentle firing is now 
commenced, and is continued for twelve hours, so as to keep the water in F at a steady boil. The 
ascending steam, finding its way among the chips, carries all the camphor with it, and, on conden- 
sation in the cooler H, the catnphor is deposited. After 24 hours, operations are suspended, 
the whole apparatus is cleaned out, and the camphor collected in H is removed into tubs. Here it 
is subjected to very gentle pressure to extract the oil, which amounts to 25 percent, at least, and is 
quite limpid. lu some districts, the raw camphor is submitted to a second, somewhat stront'er 
pressure, by which a greater proportion of the oil is forced through the joints of the casks. The 
two products are then ready for market. The camphor exported is never quite pure ; it always 
needs to undergo a process of purification after arrival in Europe. The waste chips, after dryino- 
on the grating I, are used as fuel. ° 

Japanese camphor is distinguished from Formosan by being coarser grained, clearer, of pinker 
hue, and by subliming at a lower temperature. It is also known as “ Dutch,” or “ tub ” canjphor, 
the latter name arising from its being imported to Europe in tubs covered with matting, each placed 
within a second tub, secured on the outside by hoops of twisted cane. No metal linino- is used and 
the camphor is thus drier than the Formosan. Each tub holds about 1 to 1 J cwt. The selll tg 
price is neaily twice as high as the Formosan, and the imports to Europe are about ns 1 to 6. 

The amount of camphor exported from Japan, in 1870, was about 2360 cwt., principally to 
China (2171 cwt.); Straits Settlements (51 cwt.); and France and Germany (139 cwt.). Its value 
ill the selling market was 14,498/., or about 61. 2s. lOd. per cwt. In 1871, Hiogo and Osaka 
exported about 8450 cwt., and Nagasaki about 900 cwt. more : the total value was placed at about 
25,000/. In 1872, the value of the export was stated at 30,576/. In 1876, Hiogo and Osaka 
exported about 10,000 cwt. 

The imports of common camphor into tlie United Kingdom, in 1870, were:— Unrefined 12 368 
cwt. ; refined, 2361 cwt. ' ’ ’ 

Imitafims of Common Camphor.— It is said that camphor has been prepared from the roots of the 
cinnamon shrub, and finds a ready sale in Ceylon and other parts of India ; report also states that 
it has been obtained from several of the Labiates, notably in Spain. An imitation camphor is some- 
times made in Japan; but it is readily distinguishable from the genuine article. An artificial 
chemical product, bearing a close outward resemblance to camphor, is obtained by passing hydro- 
chloric acid gas through oil of turpentine surrounded by ice. Two compounds are produced : 
solid artificial camphor, CjoHj^HCl, white, transparent, lighter than water, and possessin" a 
camphoraceous taste ; and a liquid known as “ terebine.” This preparation has not been admftted 
into pharmacy, and is little more than a laboratory curiosity. It is easily recognised by the re- 
action with ammonia. If natural and artificial camphor be dissolved in alcohol, the former will 
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not be precipitated permanently by ammonia, while the latter produces a floccnlent precipitate, 
which is not dissolved in the supernatant liquid. 

Refining Common Camphor . — The crude camphor consists of small crystalline grains of greyish- 
white or pinkish hue, cohering in irregular, friable masses; this, when dissolved in spirits of wine, 
leaves a sediment of 2 to 10 per cent, of impurities, composed chiefly of common salt, gypsum, 
sulphur, and vegetable matters. The latter are removed by careful distillation, in the presence of 
a little quicklime to absorb the oil, &c. Two earthen pots luted together, and having a small 
aperture provided for the escape of the air on the first application of the heat, answer the purpose 
roughly. In this way much camphor is refined by the natives of India. They buy it in the coses 
as it arrives from Chinese treaty ports, paying about 34 rupees (rupee = 2s.) a Surat mound of 42 lb. 
The process is illustrated in Fig. 462, and is conducted as follows : — ^About IJ mound of camphor 
are mixed with 2J seers (seer = 1| pint) of water, and placed in a copper still A, about 2J ft. high. 
This quantity of camphor is 
made into a pyramid, and after 
it is piled into the vessel, an 
additional 2J seers of camphor 
(? or water) are tlirown in round 
the sides. A copper lid E is 
then put on, and, to make it 
perfectly tight, an iron bar is 
passed through it and the vessel 
by holes made for the purpose. 

The still is then lifted by handles, 
and set on an earthen chula B, 
below which fires are burning. 

The lid and edges of the still 
are smeared with wet clay, which 
is also piled up into a cone. 

In about fifteen minutes, steam 
comes through the hole where 
the bar goes, whereupon a cloth 
C attached to a bamboo is dipped into a receptacle B filled with water, and mopped over the clay 
cone on the still, so that the water keeps the upper portion cool. This is maintained for three 
hours, when the sides of the still are beaten with a stick. If this produces the sound of an empty 
vessel, it is known that the process of sublimation is complete ; the still is then removed from the 
chula, and the lid is opened. The camphor is found in a thick crust lining the upper part of the 
sides of the still ; it is divided into four pieces by a flat iron knife, and packed in boxes for sale to 
the dealers. 

The refining of camphor in Europe was long confined to Venice ; but it is now carried on largely 
in England, Holland, Hamburg, and Paris, the product being much finer and purer than that 
obtained by the crude processes of the East. In England, the operation is performed as follows : — 
The impure camphor is broken up, mixed with 3 to 5 per cent, of highly slaked lime, and 1 to 2 
per cent, of iron filings. These are well sifted, and introduced through a funnel into the necks of a 
series of bomboloes, flasks of thin flint glass, with flat bottoms and short necks, the name being of 
Venetian origin. These are placed in sand baths, which are heated by dishes of fusible metal, 
kept at the proper temperature by means of a furnace outside the room. The object of this is to 
avoid the necessity for bringing fire into the presence of the very inflammable vapour given oflf by 
the camphor. When filled and in place, the flasks are covered with sand to the neck, and rapidly 
heated to 120°-190° (248°-374° P.) for half an hour, to expel the water. The temperature is 
then gradually raised to about 204° (400° F.), and maintained at this point for about twenty-four 
hours. As the temperature increases, the camphor softens, and at last melts. When the mass has 
become fluid, the sand is removed from the upper part of the flask, and a paper stopper is put into 
the neck to partially close it. The heat is then carefully preserved at a point sufficient to sublime 
the camphor, but not to remelt it, so that it rc-solidifies on the interior upper part of the flask as a 
semi-transparent cake, leaving aU impurities behind. The temperature of the refining room is 
about 65° (150° F.), the air being very dry, and highly charged with camphor. To diminish the 
escape of camphor vapour during the process, each bomboto is covered with a glass shade ; another 
use of this is to exclude the air, whose presence would make the sublimed camphor opaque instead 
of translucent. The whole process lasts about forty-eight hours ; it requires the greatest attention 
and experience, on account of the inflammability of the substance, and the necessity for regulating 
the temperature very nicely, so that the sublimate may be deposited, not merely in loose crystals, 
but in compact cakes. When the sublimation is completel, the flasks are taken out, and cold 
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water is sprinkled on them. This causes them to break, and the now pure camphor is removed 
from them in the form of large bowls or concave cakes, like gigantic quoits, about 10 or 12 in. in 
diameter, 3 in. thick, and weighing 9 to 12 lb. The bomboloes weigh about 1 lb. each, and measure 
about 12 in. across. Sometimes a little charcoal or sand is added to the lime, and, when sulphur is 
present, iron filings are a useful adjunct. 

Following is an account of the Dutch method of purifying. To every pound of camphor, is 
added about 2 oz. of lime ; the two are well mixed in a mortar or small mill, and about f lb. of the 
mixture is put into each still. These consist of black glass flasks of round form and with long 
necks, a certain number being placed in a row on sand baths heated by a furnace beneath. They 
are buried some inches in the sand, and tightly stoppered with cotton or tow. Under each sand 
bath is a furnace and ashpit. To commence with, a gentle fire is made so as to liquefy the camphor. 
The steam rises into the neck, and would condense and fall back into the still in drops if it were 
not prevented. Each still is furnished with a conical hood or cap of tinned iron, which is covered 
with warm sand, and in which the vapour collects. In this way, all danger of breaking the still, 
by drops of camphor falling back, is avoided. When the camphor is fluid enough, and all the 
moisture has been eliminated from it, the arud is removed from the hood, or the latter is 
replaced by another, having a hole in the middle, to admit an iron implement for stirring up the 
mass in the still. As the camphor evaporates, it coudenocs again on the sides of the cap, and there 
forms a transparent mass. All outer air must be rigidly excluded. When the hoods have been 
exchanged, and the moment the sublimation begins, the fire is reduced. The temperature is 
maintained at the proper degree for a whole day. From time to time, the workman removes the 
cap and the cotton stopper, in order to stir up the stuff at the bottom of the still with an iron tool, and 
to keep the passage of the neck open, as the condensing camphor has a tendency to choke it up. 
Towards the end of the operation, the cap is altogether removed. The end is known to have arrived 
when the camphor collected on the sides begins to melt. The flasks are then taken from the sand- 
baths, cooled and broken, to extract the mass of camphor ; this is then wrapped up in blue paper. 
Much camphor still remains in the fragments of the flasks, and as it would be too troublesome 
to scrape it off, the pieces are thrown into a very deep copper stOI, which is covered with a 
circular copper hood, and placed over a fire. The camphor collects as before around the hood, and 
is then easily removed. During the sublimation in the flasks, the temperature is maintained at 
120° 248° F.) for half an hour, and is then raised to 190° (374° F.) ; at this point, the neck will 
be coated with moisture, which must be removed by inserting a sponge on a flexible stick. A 
temperature of 190° to 196° (371° to 38.5° F.) will melt all the camphor in three and a half hours- 
The residue is sublimed in a cast-iron vessel, and the little product obtained is thrown in with the 
next lot of raw camphor. 

Uses , — The applications of common camphor are restricted almost solely to medicinal and 
antiseptic purposes. 

Borneo Camphor; Malay Camphor; Borneole ; Camphyl Alcohol; or Kapur 
Barus. — This is quite distinct from the camphor of western commerce. It is expressed by the 
formula H,j Oj, or two additional equivalents of hydrogen. It fuses and boils at higher tem- 
peratures than common camphor, is harder and more brittle, of greater specific gravity (1 • 009), less 
volatile, and does not crystallize on the interior of a bottle when kept. Its crystals are coarse 
and resinous looking, about i in. broad on the faces, and of ditferent form from the ordinary drug. 
In the chief feature, viz. aroma, it closely resembles common camphor, but is less pungent. 

It is the product of a magnificent forest tree, the Drydb ilawips camphora, or aromatica, which 
often reaches a height of 90 or 100 ft. to the first branches, overtopping all its neighbours, and 
presenting a handsome head of dense foliage. The trunk often attains a girth of 17 to 18 ft. 
According to the natives of the Malay Archipelago, there are three kinds of this tree, named 
respectively mailanguan, marhln tungun, and marbin targan, from the outward colour of the bark, 
which is sometimes yellow, sometimes black, and often red. The bark is rough and grooved, and 
overgrown with moss. The leaves are dark-green, oblong-oval, and pointed ; they smell of camphor, 
and are hard and tough. The exterior form of the fruit is very like the acorn ; but it has around 
it five petals, placed somewhat apart, and the whole much resembles a lily. The tree flourishes to 
greatest perfection between the altitudes of 250 and 400 ft. above sea level ; but is also found 
in dry (that is, not marshy) places near the sea coast, and rarely at an elevation of 1000 ft. Its 
chief habitat appears to be the extensive bush of the Batta country, on the west coast of Sumatra, 
north of Ayer Bangie ; it is also found in the mountains of Santubong, Marang Sundu, and Sugony ; 
in Labuan ; in all the northern parts of Borneo, and it is said to be particularly abundant in the 
country of the Kyans, on the upper reaches of the Bintulu and Kejang rivers. 

The camphor is seci eted, m the form of coarse crystals, in the hollows and interstices of the body 
of the tree, especially in the knots, and swellings of the branches from the trunk ; but it is not 
found in every tree, some observers remarking that only about one tree in a thousand appears in a 
condition favourable to the secretion of the gum. The natives have no means of estimating the 
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quantity of camphor in a tree, and though they know that it increases with age, the latter is always 
an element of uncertainty with them. Trees in a state of decay oiten contain the most camphor. 
The drug is gathered at irregular intervals, according to the fancy of the Eajah on whose territory 
the trees are. About thirty men start into the forest ; select a place where the trees are most 
numerous ; and build rude huts, which sometimes form their dwelling for months together. They 
divide into two parties, one felling the trees, the other extracting the camphor. The tree is cut 
down just above its roots, divided transversely into several logs, and these again are split with 
wedges into small pieces, from the crevices of which the camphor, if there be any, is extracted. That 
which comes away readily in large, semi-transparent flakes is esteemed the prime sort or “head” ; 
the smaller clean pieces are considered as “ belly ” ; and the minute particles, chiefly scraped from 
the wood and often mixed with it, are called “ foot.” The last is separated from its impurities by 
steeping it and washing it in water, sometimes with the aid of soap. It is then passed through 
sieves or screens of diflerent meshes, in order to make an assortment as far as regards the size of the 
grains; but much of the selection is also made by hand, and particular care is taken to distinguish 
the better kinds from that produced by the artificial concretion of the essential oil. The quantity 
of camphor yielded by a single tree probably averages about 10 lb. Its commercial name is Kapur 
Bams, the first word signifying camphor, and the second being the name of the Sumatran port 
whence this article is mostly shipped ; it is sometimes called “ bamboo camphor,” from the fact of 
its being transported from the interior in hollow stems of that plant. It is in such great demand 
among the Malays and Chinese for embalming their dead, that it is only met with in Emope as 
cabinet specimens, the whole produce being consumed in loco. Thus the Chinese export to ns their 
own Formosan product, while they import Kapur Barm, paying as much as 12Z. 10s. a catty (li lb.) 
for the best quality. 

The production of the drug is lessening yearly, and the profitable operations of 175.3, when fully 
1250 lb. were shipped from Padang, will probably never return. Trees are cut down at random 
without any being replanted, and this wilful and wasteful destruction will, it is feared, soon place 
the tree among the past species of the Archipelago. Propositions have been made to Government to 
have regular plantations formed in suitable localities (as is done with the teak tree in Java), notably 
in the district of Ayer Bangie, Ban, and Tapanolie Residence. The plants, four to six days old, may 
be transported in boxes half filled with wet sand, the contents being kept carefully wet and covered 
over with linen. 

The tree yields several products besides the camphor. First may be cited the well-known 
camphor oil {q. v. post). The fruit, when fresh and well ripened, is eaten by the natives. The 
height of the tree prevents the fruit being gathered, but when it falls— in March, April, and May — 
the people go out to collect it. Prepared with sugar, it forms a very tasty preserve. It is said to be 
very unhealthy to remain near the tree during the flowering season, on account of the extraordinary 
hot exhalations given oflf by it. The wood of the tree is very tough and durable, and much valued 
by the natives for ship-building puiposes. Its strong camphoraceous odour guards it against the 
attacks of the kepang, the destructive worm of those seas. It is adapted to making planks, beams, 
keels, stringers, and timbers, and has been proved invaluable for wharves and jetties. From its 
oiliness, it takes fastenings well, and iron is not liable to rust in it. Its weight is said to be about 
70 lb. per cub. ft. At Johare, large steam saw-miUs have been erected for the purpose of preparing 
the wood for export. 

The following meagre statistics are all that can be found regarding this camphor:— The 
quantity imported into Canton, in 1872, was stated at 3159 lb., worth about 80*. a lb. In 1872-3, 

2 cwt. were imported into Bombay, valued at 914i. The value of the production in 

1873 was £1043 I 1875 was £3179 (about 5 cwt.) 

1874 2578 | 1876 „ 2337 

Bliimea, or Mgai Camplior. — A third variety of camphor is manufactured in China from the 
Blumea balsamifera, a tall herbaceous Composita called Ngai in Chinese, and abundantly distributed 
throughout tropical Eastern Asia. When in a crude state, the drug appears in dirty-white, crystal- 
line grains, contaminated with vegetable remains; when pure, it takes the form of colourless 
crystals an inch long. It resembles the Bornese camphor in every particular, excepting in optical 
properties. Its value is about ten times that of Formosan camphor, and on this score it occupies an 
intermediate place between the two principal varieties of camphor. It is quite unknown in 
Europe; but in China it is much used, partly for medicine and partly for preparing the fine 
Chinese inks. The manufacture of this kind of camphor is carried on principally at Canton, the 
exports from which place are valued at 3000:'. per annum. 

A camphor-yielding plant which is closely allied to the preceding, if not identical with it, is the 
Blumea grandis, a native of the Tenasserim provinces, where it flourishes exceedingly, and grows to 
a height of 6 or 8 ft. Its leaves resemble those of the mullen, and, when bruised, emit a strong 
camphoraceous odour. Many years ago, the Tavoyers informed Mr. Mason that they were in the 
habit of making an impure camphor from the weed by a very simple process. Latterly, this has 
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been improved upon by an Englishman, and the article has been brought into public notice. More 
than 100 lb. of it were refined and sent to Calcutta, and could not be distinguished from Chinese 
camphor. The plant is so abundant in the Provinces that they might supply half the world with 
camphor; wherever trees are cut down, this weed springs up. 

Other Camphors. — Besides the three principal camphors of commerce, the following are more 
or less known in perfumery and pharmacy, viz. 

Barosm i Camphor . — The leaves of Barosma betulina yield on distillation about 1 J per cent, of a 
volatile oil, which solidifies on exposure to cold, and, after re-solution in alcohol, forms needle-like 
crystals, possessing a nearly pure peppermint odour. 

Benjamot Camphor, or Bergaptene, is a product of the bergamot tree, a member of the Citrus genus, 
cultivated principally at Reggio, in Calabria. From the full-grown but still unripe fruit, gathered 
in November and December, an essential oil is expressed. For a period of some weeks after its 
extraction, the oil gradually deposits a mass of white greasy matter, which, when distilled with 
water, produces bergamot camphor. 

Ciruebene Camphor is obtained from the essential oil of a variety of the wormseed, which grows 
especially about the Don and Volga, and in the Kirghiz deserts. 

Ctihebs Camphor, or Hydrate of Gubdiene, is a deposit formed in cold weather from the oU of cubebs. 

Neroli Camphor. — The fresh flowers of the bitter orange, when distilled with water in copper 
stills, yield an essential oil, most of which passes over on redistUlation : the addition of an equal 
quantity of alcohol to the portion remaining in the still causes a little Neroli camphor to collect 
on the surface. By re-solution in boiling alcohol, it can be produced in a crystalline form. 

Orris Camphor is the solid crystalline substance obtained by the distillation of orris root with 
water. 

Patchouli Camphor . — The substance known in perfumery and pharmacy under this name is homo- 
logous with Borneo camphor. It is solid; fuses at about 54° (130° F.), and boils at 295° 
(563° F.) ; its specific gravity is 1 ’051 at 4° (40° F.) ; it is insoluble in water, but readily soluble 
in alcohol and ether ; it crystallizes in hexagonal prisms ; finally, it is a left-handed rotary sub- 
stance, while Borneo camphor is right-handed. 

Sassafras Camphor is yielded as a crystalline deposit, by cooling, in a freezing mixture, the 
volatile oil procured from the roots and bark of the sassafras shrub of America. 

Thyme, Camphor of, or Thytrml, is a crystalline product of the fractional distillation of essential oil 
of thyme. 

TAacco Camphor, or NicOtiania, is produced by distilling tobacco leaves with water. 

Camphor Oils : a. Malayan. — During the collection of the camphor from the Malayan camphor 
tree, that is while the tree is being cut up, an oil drips from it in considerable quantities. Some- 
times it is obtained also by tapping the living trees ; but is not considered of sufficient value to 
warrant tlie destruction of the tree. The method of gathering this oil, as practised by the natives 
of Sumatra, is to make a transverse incision in the tree to a depth of some inches, the cut sloping 
downwards so as to form a cavity of the capacity of about a quart. In this, a lighted reed is placed 
for about ten minutes, and the hole is left for the night, when it becomes filled with the oil. 
This volatile oil, known as Borneen, holds in solution a resin, which, after a few days’ exposure 
to the air, is left in a syrupy state. It is probably camphor in an undeveloped state, as the tree 
would yield camphor if left. It is seldom brought to market, probably because the price obtained 
is not a sufficient remuneration for the trouble of transport. Whenever it is offered at Barus, the 
usual price is a guilder (Is. 8d.) for an ordinary quart bottleful. 

b. Formosan. — This is a yellowish brown, oily, or uncrystallizable camphor, which exudes from 
the cases of crude common camphor, to the extent of 3 or 4 per cent. It is very strong smelling, and 
holds in solution an abundance of common camphor, which it speedily deposits in crystals when 
exposed to a low temperature. Its symbol is ; its density is 0-910. By exposure to 

oxygen, or tlie action of nitric acid, it absorbs oxygen and becomes solid camphor. It is much 
used by the Chinese as an embrocation, especially in rheumatic diseases, and will probably .soon 
be a valuable European import as a cheap substitute for Lin. Camphoroe. It is scarcely saleable on 
the spot, and is considered much inferior to the Malayan camphor oil, from which it is distinguished 
by an .odour of sassafias. In Japan, the oil is expressed from the camphor, and is employed as a 
lighting material by the very poor people, who are content to burn it in open lamps, in spite of its 
powerful odour and heavy smoke. A recent native Japanese paper says that a resident at Osaka 
has built a large factory for preparing this oil, — not for making oil out of camphor, as Nature says— 
which has proved superior to kerosene, both in cheapness and illuminating power. 

(See Drugs ; Inks ; Oils ; Perfumes ; Resinous Substances.) C. G. W. L. 

CANDIjES. (Fb., Bougie ; Gee., Kerze, LichtJ) 

The use of wax candles as a source of artificial light dates from the middle ages, though, from 
the costliness of .the material, it was probably confined, for a long period, to the dwellings of the 
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wealthier classes. Until the introduction, in comparatively modem times, of tallow and vegetable 
fats, the substitute for wax candles in the houses of the poor, and still to be found in some country 
districts, was the ordinary rush-light, which is the simplest and most primitive form of candle 
known. The use of candles made from tallow and palm oil, and various compounds prepared from 
them, as well as from wax, paraffin, and other substances, has of late years largely increased, and 
the manufacture has assumed very considerable dimensions in some of the larger towns of Great 
Britain, and on the Continent. 

A caudle consists essentially of two parts : (1) the combustible material ; and (2) a porous sub- 
stance through the medium of which combustion takes place. The first portion of the candle, the 
combustible material, is composed of various fatty or hydrocarbonaceous matters ; and the second 
portion, or the wick, the type of which is found in the rushes employed by our forefathers, is 
usually made of cotton. Before proceeding to describe the manufacture of candles, in itself a simple 
operation, the materials of which they are compounded, which are very varied and complex in their 
nature, must be fully dealt with. 

The Combustible Matebials Employed. — These are chiefly fallow and vegetable fats, and 
substances prepared therefrom by complicated chemical processes ; also wax, spermaceti, paraffin, 
ozokerit, &o. 

Tcdlow . — Tallow is simply beef or mutton fat, or a mixture of both, prepared by being heated 
in contact with water and under slight steam pressure until the membranous matters in which 
it is enveloped aggregate into lumps, and collect in a layer between the tallow and the water, 
when the steam is turned off. For candles which are to be moulded from tallow alone, mutton 
suet is employed, while the commoner or coarser taUow is kept for those which are to be dipped, 
and also for the preparation of stearic and other fatty-acids. 

When melted tallow is allowed to cool very slowly, and without disturbance, it separates into 
two portions, one much harder, and the other much softer, than the original tallow ; and if the 
temperature of the whole mass does not fall below 2'i“-27° (75°-80'’ F.), it will consht of hard, round 
nodules, suspended in a liquid oil. This process is technically called “ seeding,” and the idea of 
separating the solid from the liquid constituents of fats, by exposing them to pressure while in this 
condition, originated with the French chemist Ohevreul, in 1823. 

The researches of Ohevreul and others demonstrated the following facts with reference to the 
composition of fatty bodies generally ; and it is to a clear comprehension of these, and of the bearing 
of o&er scientific -facts and phenomena upon them, that are due the various manufacturing processes 
which have resulted in the elegant and useful commercial products called “ candles,” the varieties 
of which range from the softest and cheapest English “cottage composite,” to the alabaster-like 
stearic acid “ bougie" of the continental salons. 

It will be desirable, therefore, to consider the important fact, demonstrated by Ohevreul, that all 
the ordinary neutral fats of commerce are, chemically speaking, “ salts,” in which the base is 
glycerine, and the acid is a mixture of various fatty-acids, which may be separated from each other, 
and prepared in a greateror less degree of purity. Hence 

Salt = Acid + Base 

Neutral fat (e.g. tallow) = stearic and oleic acids -(- glycerine, CjHsCOHlj 

The fatty-acids of commercial solid fats belong chiefly to the series known as the “ Adipic,” 
of which Formic acid, CHjOj, and Acetic acid, are the lowest terms. The two members 

of most frequent oceurrence are Stearic acid, CijHjjOj, which is a large constituent of tallow, 
and Palmitic acid, CuHjjOj, which occurs in similarly large proportions in palm oil. Beeswax (to 
be referred to again presently) contains one of the highest known members of the series, Cerotio acid, 
CjjHjjOj. The fatty-acid of the fluid constituents of most natural fats, and especially of the non- 
drying oils, is called Oleic acid, CjjHjiOj, and belongs to another series, known as the “ Acrylic.” 
Each of the above-mentioned fatty-acids is capable of forming three salts with glycerine, the 
glycerides in natural fats being the third term in each series, tallow, for example, being a mixture 
of tri-stearine and tri-oleine. Chevreul’s researches materially assisted in developing the theory of 
“ Saponification ” ; but as this will be fully discussed in the article on “ Soap,” it need not be 
alluded to here, further than is necessary to explain the principles of the process by which stearic 
acid was at first entirely, and is still very largely, manufactured. 

When neutral fats are boiled in open vessels, with a solution of a strong caustic alkali, as soda, 
or with lime mechanically suspended in water in a thin cream, the glycerine is replaced by the 
alkali, and a salt or soap is formed by the union of the fatty-acids with the alkali, thus : — 

Neutral fat + Alkali = (Fatty acids -f- Alkali) i. e. “ Soap ” -1- Glycerine. 

When the “ soap ” is dissolved in water, and a strong mineral acid is added to the solution, the 
fatty-acid is liberated — 

Soap + Sulphuric acid = Fatty acids -f Sulphate of soda (or lime). 

2 p 2 
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As neither saponification, nor the decomposition of a soap by a stronger acid, in order to liberate 
its fatty-acids, can take place except in the presence of water, the elements of water — HjO — ^play 
a very prominent part in all reactions relating to neutral fats, and the preparation of soaps and 
fatty-acids from them. 

It was soon discovered by Chevreul and his collaborateurs that the removal of glycerine from 
natural fats, i. e. their conversion into fatty-acids, enormously increased their hardness and illumi- 
nating power, so that candles made from the mixture of stearic and oleic acids, resulting from the 
removal of glycerine from tallow, by the process indicated above, were leas greasy, and gave much 
more light, than candles made from the same tallow untreated, though they had not so nice a 
colour. The next step was the separation of the harder from the softer portions of the fatty- 
acids, and it was found that when this was effected by pressure, the oleic acid, in flowing away, 
carried with it in solution the whole of the colouring matter of the mass, leaving the crude stearic 
acid tolerably white. To make it absolutely so, little else was found necessary than repeated 
pressings at various temperatures, the series of operations, after the removal of the glycerine, being 
purely mechanical. In carrying out this on a manufacturing scale, the expensive alkalies soda 
and potash were soon replaced by lime, and the preparation of stearic acid by this process is now 
conducted as follows : — The tallow to be purified is placed in a large, slightly conical, wooden 
tun, which will be more particularly described hereafter. In this tun, the tallow is mixed with 
16 per cent. Of good slaked lime, made into a thin cream with water. After tightly closing the 
tun, steam is introduced from a pipe below, and the contents are boiled for four hours. During 
the boiling, the mixture is kept constantly agitated by means of a wooden shaft bearing three 
horizontal arms, worked by steam power. The action of lime upon the constituents of tallow 
has the effect of decomposing them, glycerine being set at liberty, while stearate, and oleate, of 
lime are formed. The formation of these salts, which, when mixed together, constitute an 
insoluble soap, greatly facilitates the subsequent separation of the solid and liquid constituents of 
the tallovf. To ascertain when the operation is complete, a small portion of the boiling mixture 
is drawn out in a ladle, and cooled. When cold, the sample should appear perfectly smooth and 
solid, and should be very brittle, powdering finely in a mortar. When the operation is complete, 
the steam is shut off and the agitator is stopped, the whole contents standing until cool, and the 
fatty matters and lime form a solid mass at the bottom. They are then dug out and removed 
to another tun, similar in all respects to the last. Here they are treated with four parts of strong 
sulphuric'acid for every three parts of lime previously added, and are then heated and agitated in the 
same manner as before. During the operation, the lime salts are decomposed by the acid, sulphate 
of lime falling to the bottom, and the soapy fat rising in a thick layer to the surface. Again, the 
whole is permitted to stand ; when cool, the fat is skimmed off and placed in a third wooden vessel, 
where it is well washed with water and by steam blown into it. The washed fat is next heated to 
the melting-point, and run into dishes or troughs made of tin ; these are placed in a room, the tem- 
perature of which is kept at from 20'’ to 30° (68° to 86° F.), and left for two or three days, or until 
the contents have assumed a granular or crystalline structure, when they are removed from the 
dishes, and cut into shreds by machinery. The shreds are then placed in canvas or woollen bags, or 
between large, square sheets of canvas, and are carefully deposited between the plates of a powerful 
hydraulic press. Pressure is exerted gently at first, and is gradually increased until the flow of the 
liquid oleic acid ceases. The press is then unlocked, and the hard, thin cakes of crude stearic acid 
are thrown into another wooden tun similar to the others. Here they are melted down by blowing 
in steam, which is continued for some hours. After settling, the fatty matters are drawn off into 
tin dishes, and placed aside to cool. The temperature of the room in which the cooling is conducted 
should be slightly higher than the previous one, or about 30° (86° F.). The dishes should remain 
here unlil the contents assume a crystalline structure, when they may be emptied. The blocks 
are then cut up into lumps, and ground to a mealy pow’der by means of a rasping machine, worked 
usually by steam. This powder is g.athered into bags, made either of hair or of wool, or both, and is 
then submitted to a second pressure in another hydraulic press, differing from the former one by 
having a heating apparatus attached ; the plates should also be heated before the press is used. The 
necessity for heat in this second pressure is due to the extreme difficulty experienced in eliminating 
the last portions of oily matter from the fat. When the full pressure is being exerted, the press is left 
for about fifteen minutes before being unlocked. The cakes thus obtained are cleaned with a knife, 
the parings being added to the next batch. They are again melted by steam, a litUe wax being' 
sometimes added, in order to destroy the crystalline texture of the stearic acid, which renders it 
unfit for use in candle-making. This finishes the process, and the stearine is melted into blocks 
ready for use. 

The tun in which the saponification of the tallow takes place is made of oak or cedar, and is 
tightly bound with iron hoops. Steam is introduced by means of a spiral copper tube, laid on the 
bottom, and perforated with numerous small holes. An upright wooden shaft, carrying wooden 
arms fitted \Mth teeth, is fixed in the centre of the tun, and revolves during the process. The 
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tuns are arranged in rows in a large room, two being reijmred for the completion of each 
batch. 

It will be observed that in this process a very large amount of lime — 16 per cent, on the weight 
of tallow employed — is used. The disadvantage of this is that much sulphuric acid is necessary 
to decompose the lime soap, thereby injuring the colour of the resulting fatty-acids. It was soon 
found that if the saponification were conducted in closed vessels, under a steam pressure of 3 or 
4 atmospheres, the amount of lime might be reduced to about 3 or 4 per cent, upon the tallow, thus 
reducing the cost, and improving the colour, of the product. This modification is still very largely 
worked, especially in America. Subsequently it was discovered that if sufSciently high tempera- 
ture and pressure were employed, the lime might be dispensed with altogether, and that the resolu- 
tion of the fat into fatty-acids and glycerine might he effected by steam alone. This process, known 
as the “ Autoclave,” has been largely worked, both in Europe and America ; but in consequence of 
numerous accidents, arising from the explosion of improperly constructed vessels, it is usual to 
decompose tallow at a lower pressure, with the aid of 2 or 3 per cent, of lime, the subsequent opera- 
tions of crystallization of the fatty-acids, hot and cold pressing, &c., remaining the same. 

The next advance was the discovery that when neutral fats are exposed to a very high tempera- 
ture, 300° (572° F.), or above, in presence of superheated steam, they are decomposed, and the fatty- 
acids are volatilized ; and that when these vapours are condensed, the fatty-acids are almost white : 
that, in fact, fatty-acids may be distilled, almost unchanged, in sm atmosphere of superheated steam. 
It was impossible, however, to conduct this process on a large scale, in consequence of the simul- 
taneous production of acroleine, a vapour resultihg from the decomposition of glycerine, and possess- 
ing intensely irritating properties ; but, in 1841, it was discovered that if neutral lats were treated 
first with concentrated sulphuric acid, and then boiled with water, they might be distilled without 
auy such inconvenience, and the problem was thus solved by Dubrunfaut. In 1842 and 1843, 
Messrs. Jones and Wilson, under the name of Price and Co., took out two patents for the combined 
treatment of fatty bodies by sulphuric acid and water successively, and their subsequent distillation 
by the aid of superheated steam. From that time to the present, this process has been worked, in 
its various modifications, on a most extended scale, especially in England. It gives a much larger 
quantity of material, of good colour for candle-making, from a given weight of fat, than any other 
known process. The candles are not so hard, nor quite so white, as the continental bougies of 
stearic acid ; but while tallow, tieated by the saponification process, yields only about one-half its 
weight of candle material, tallow and palm oil, when distilled, give at least 75 per cent, of such 
material, of a slightly inferior quality. 

The moat perfected form of apparatus now used in the distillation process, as made by 
Merryweather and Sons, Long Acre, London, is shown in Fig. 463. Tlie process is conducted as 
follows: — The fat is melted from the casks in which it is stored, by means of a steam jet inserted 



settle the condensed water out of it. Hence it is pumped, by means of the gun-metal lift and force- 
pump C, into a series of lead-lined collecting tanks B, fitted with steam coils, by which the material 
is boiled before being passed through the fcrp c to the vessel D. This latter, which is known as the 
“ Acidifier,” is made of stout copper, supported either on wrought-iron girders or on brickwork. It 
is fitted with a valved pipe a, for the admission of superheated steam; a copper pipe fitted with 
water shower pipe d, for condensing the vapours generated by the acidifying process ; a thermometer b, 
for guidance as to temperature ; and a gun-metal cover e, at the lower side, for cleaning out, and to 
which is afiixed a tap /, for drawing otf the acidified materials. On admission to D, the fats are 
heated for a certain time, by the introduction of superheated steam at a temperature of about 176° 
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(350° F.), from the snperheater F, constructed from the special design of Ed. Field. Sulphuric 
acid, in the proportion of from 3 to 6 lb. per cwt. of fat, is next supplied to the aeidifier from the 
tank E by opening the plug g. When the acidification is complete, the material is left to stand 
for about six hours, and is then discharged into a series of lead-lined, open washing-vats G, 
provided with copper steam coils, and containing water and a little sulphuric acid. Here it is 
boiled with free steam for another two hours, and is left for about twenty-four hours to settle ; it 
is then drawn off into the tank A, and pumped through the lap c' into a large, open, lead-lined 
tank H, placed at a sufficient elevation. This tank is fitted inside with a coil, which is charged 
with steam, to keep the contents in a liquid state. By means of the valve A, about 5 tons of the 
material is run into the stUl I, consisting of an iron body, and copper dome ; it is fitted with a 
thermometer i, and the necessary taps of copper or gun-metal. The contents of the still are heated, 
by fire, to a temperature of about (240° F.) ; superheated steam, at about 294° (560° F.), 
is then admitted by the pipe m from the superheater N, and the process of distillation commences. 
The temperature must be regulated according to the quality of the material operated upon. The 
vapours pass over by the pipe n to the refrigerator K, which consists of a series of vertical copper 
pipes, connected at top and bottom by gun-metal bends. These pipes are mounted on iron frames, 
over a set of six circular iron tanka A, into which they can be emptied. The tanks are furnished 
with pipes for the admission of steam, and with spiral copper cooling-coils, through which cold 
water may be passed. The “essence-tank” I is fitted with an improved shower-pipe L, which 
prevents any vapom- passing away uncondensed. The pipe M conveys vapours to be burnt in the 
flue. The fatty-acids are collected in pails from the mouths or outlets of the copper coils, the 
greater part in a fit state for candle-making, without the necessity for putting them through 
hydraulic presses. That part which is not fit for candle-making, as it comes direct from the still, 
is pressed and redistilled. As the result of distilling t illow, it may he mentioned that out of 
every 100 lb. subjected to this process, 78 to 80 lb. of crude stearic acid is produced. Three-fourths 
of this, or about 60 lb., is ready for making stearine (i. e. stearic acid) candles without further treat- 
ment ; the remaining fourth, about 20 lb., after being pressed and redistilled, yields about three- 
fourths of stearic acid and one-fourth of oleic acid. Thus the total proportion of the latter product 
is only 5 lb. Besides the stearic and oleic acids, there is a large quantity of a third product, called 
“ pitch.” If allowed to get cold, this is a hard, black substance ; but provision is made for passing 
it at once to an iron vessel, where it is submitted to great heat, and yields a product similar to that 
obtained by the distillation process, and which is often used in the preparation of “ composite ” 
candles, though much inferior to the pressed and purified material. The pitch, after this operation, 
becomes a commercial article of many uses, and will in all probability soon be recognized as an 
efficient substitute for “black-japan,” for coating iron, the latter article being worth from 20s. 
to 30s. a gallon. The approximate cost of the plant required for distilling tallow or palm oil 
according to the above process, exclusive of steam boiler, may be stated at from 17001. to 31501., 
according to whether 1 ton or 3 tons are to be distilled at a time. 

The following table shows the quantity and value of tallow and stearine imported to this 
country in the year 1878 

(If.B. Stearine, chemically speaking, i.e. stearate of glycerine, is seldom or never made now, and 
the term “stearine” is somewhat loosely applied, commercially, to stearic or palmitic acids in 
various states of purity.) 




Cwt. 

£ 



From Bussia 

„ France 

„ United States 

„ Uruguay 

„ Argentine Eepublic 

„ Australia 

„ Other countries 

73,646 

14,810 

456,715 

63,587 

66,754 

216,786 

28,905 

158,480 

42,760 

873,696 

124,054 

134,765 

419,268 

61,156 




921,203 

1,814,179 



The total quantities and values for the four preceding years were as follows : — 


1874. 

1976. 

1876. 

1877. 

cwt. 

cwt. 

cwt. 

cwt. 

1,155,243 

967,396 

1,344,445 

1,224,239 

£ 

£ 

* 

£ 

2,331,479 

2,045,863 

2,875,170 

2,568,479 
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Palm Oils. — Pabn oil is now used in enormous quantities for the production of palmitic and 
stearic’ acids at Price’s Candle Company’s works, as well as by almost every candle manufacturer 
in Great Britain, about 25,000 tons being annually consumed. In many continental countries, a 
prohibitive duty prevents its employment. The process employed consists in acting upon the fat 
with sulphuric acid, and then submitting it to distillation. The plant and the modus operandi 
scarcely differ from those last described. The distilled mixture of stearic and palmitic acids is 
cut into shreds, by means of a revolving knife, and the shreds ate wrapped in canvas or woollen 
cloths, spread in even layers between mats of cocoa-nut fibre, and submitted first to the cold press, 
and afterwards to the hot press, at a temperature of 29° to 32° (85° to 90° F.). The pressed 
cakes of fat are pared, and then melted again by steam, in large, wooden, iron-bound vessels, 
containing water and sulphuric acid. The whole is boiled for a time and is then allowed to 
stand, after which the acidulated water is drawn off. The melted fat is repeatedly washed with 
hot water, and then run into moulds ; when cold, it is quite pure, and ready for manufacture into 
candles. 

It will be- observed that three processes for the decomposition of neutral fats have now been 
described — viz. (1) By saponification with a strong alkali, at a temperature but little above 100° 
(2 1 2° F.) ; (2) By the use of water, with or without a very small quantity of lime, at very great steam 
pressure, and a correspondingly high temperature ; (3) By treatment with strong sulphuric acid and 
water in successive portions, and subsequent distillation at normal atmospheric pressure, but at a 
dangerously high temperature — above 300° (572° F.). It was reserved for a physician at the Danish 
Court, the late Dr. J. C. A. Bock, to demonstrate the important fact that, by properly conducting the 
operation, water alone might be made to decompose tallow into fatty-acids and glycerine, and that by 
the use of water and sulphuric acid combined, fatty-acids might be prepared from tallow in open Icad- 
lined tanks furnished with steam coils, — without any of the complicated and dangerous apparatus 
required by the “ autoclave ” or the “ distillation ” processes, without any lime or other alkali, and 
with a much leas expenditure of acid than was required by any other process. Unlike many inven- 
tors, he was able to carry out his ideas into actual practice, and in the International Exhibition held in 
London in 1862, were shown some beautifully white and hard stearic acid candles, which had been 
prepared by this process in the manufactory of O. F. Asp, Prindsessegade, Copenhagen. Since then, 
the process has been constantly at work in that factory ; it has also been adopted in several other 
continental candle factories, and is now at work, among other places, in New Zealand. The simple 
character of the “plant” required renders it peculiarly valuable for distant countries. Considered 
from a theoretical point of view, it is, perhaps, the most ingenious and the most strictly scientific of 
all the methods for decomposing neutral fats. 

Dr. Book poiuted out, that tallow is composed of exceedingly minute globules of fat, surrounded 
by membranous envelopes, composed, probably, of albumen ; and that until these enveloping walls 
are destroyed, no reagent can act upon the fat within. In ordinary saponification, the albuminous 
envelopes are dissolved by the caustic alkali ; in acidification, they are burnt and charred by the 
strong sulphuric acid, the quantity of which may be so adjusted as not to bum and discolour the 
tallow itself, which, after pouring out from the destroyed envelopes, is in a state to be readily decom- 
posed by water at 100° (212° F.). Dr. Bock’s process was described by him in an article in Dingler’s 
‘ Polytechnisches Journal,’ for May, 1873, of which the following is a synopsis. 

“ By the lime saponification plan, the albumen contained in the fat is dissolved, lime-soap is 
formed, and the extraction of the glycerine is rendered possible. By acidification, the whole pro- 
cess is effected at once. Conducted properly, the fat, washed out with water, always remains as 
neutral fat, and, by the use of concentrated sulphuric acid, not a trace of glycerine is left. Acidi- 
fication, rationally conducted, is only a preliminary operation, intended to break up, corrode, or 
carbonize, the albumeniferous matters. But the conduct of the operation was long based on the 
erroneous belief that a double acid, sulpho-stearic, was formed. With due care, only the envelopes 
of the cells are blackened, and these are soluble neither in fat nor in fatty-acids. The production 
of a real black solution is only an evidence that a certain part of the fat has been burnt, which should 
be avoided under all circumstances. There is no doubt that the operation has generally been carried 
to excess, in the matters of duration, height of temperature, or strength of acid. By proper acidifi- 
cation, the neutral fat is only unclothed, as it were, and freed from the cells, or at any rate, the 
latter are so ruptured, as to allow of the easy exit of the fat. This latter is then in a condition to 
be decomposed, an operation accomplished in much shorter time by the chemical equivalent of acid — 
4 to 4-5 per cent.— and the necessary water. After letting out the glycerine waters, the fatty-acids 
appear more or less black. They may now be distilled. Their melting-point varies from 49° to 57° 
(120° to 134° F.). 

“ The real value of Dr. Bock’s method consists in dispensing with distillation. The object of this 
operation is the removal of the black colour, or rather of the black-coloured matters, by superheated 
steam. These black matters are the partially carbonized albumen cells, which swim about in the 
fatty-acids because the sp. gr. of the two bodies is about the same. This difficulty is overcome 
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by oxiilizing the mass, by which the sp. gr.of the cells is raised from 0’9 to 1-3. They are tlius 
precipitated, and the fatty matters can be washed off. The subsequent cold and hot pressing are 
the same as with ordinary methods. 

“ From several years’ experience at Messrs. Asp’s works, the following results have been deduced- 
Tallow yields, by complete decomposition, 95 per cent, of fatty-acids, which lose 2 per cent, by 
oxidation and washing. The glycerine obtained equals 6 f per cent, from tallow at 23^ B., and is 
quite free from all organic acids. The oleic acid resembles tliat produced by the lime saponification 
process ; but it is much richer in solid acid. The stearic acid is also like that produced by the 
lime saponific.ition method ; but it is much harder, and its melting-point is 58°-60‘’ (136°-110° F.). 
It equals 55-00 per cent, of the tallow employed. 

“ The plan is free from danger, as the steam is only used in open vessels. The plant is much 
cheaper, as nothing special is required. The labour also is much reduced, as the operation is com- 
pleted in one vessel. It is as applicable to vegetable as to animal fats.” 

The process indicated above has now been for fourteen years in daily operation on a manufac- 
turing scale in Copenhagen, and in the hands of the inventor and his son, has been greatly im- 
proved and simplified .-lince its first introduction. At that time, there were five stages in the process, 
viz. : — (1) Acidification, to remove the membranous cellular tissue from the tallow ; (2) Decompo- 
sitiou, by acidulated water, into dark fatty-acids and glycerine: (3) Oxidation, to increase the 
sp. gr. of the dai k membranous matters, so that they might separate themselves from the fatty -acids ; 
(1) Eepeated washings with water ; (5) Pressing, both cold and hot. 

The greatest improvement is due to the discovery that the dark membranous matters may be 
oxidized while the fat is still neutral. The acidification, oxidation, and decomposition are all now 
conducted, in rapid succession, in one and the same wooden tank, after which, one or two washings 
in another tank render tire fatty-acids fit for the press. 

Another point of great praetic<al importance, which has been developed in the working out of 
this process, is the increased hardness of the stearic acid produced by it, arising from the solidifica- 
tion of some of the oleic acid in the tallow, by the prolonged action of sulphuric acid upon it. This 
reaction has lately been pointed out as a novelty, by Bornemann and Kraut ; but it was suspected 
twelve years ago, and soon afterwards was definitely proved, by the Messrs. Bock. They observed 
that the fatty-acids became harder and harder, so that cold pressure had no effect upon them ; by 
the adoption of hot-pressing, they produced white stearic acid, and an exceedingly brown oil. This 
latter, when distilled, saved the cost of distill.ition, by its yield of solid matters. It is claimed, 
tlierefore, for the Book process, that stearic acid can be made of better quality and in larger quan- 
tity from a given weight of tallow, than by any other process at present known. 

Whichever of the four processes (lime-saponification, autoclave, distillation, or Bock’s) is 
employed, a large proportion of oleic acid is unavoidably produced. The quantity of it, per ton of 
ncutial fat, varies in inverse proportion to the hardness of the original fat, or of the material manu- 
factured from that fat. For many years, it was difficult, at any late in England, where soft soaps 
are much less used than on the Continent, to find a suitable outlet for this oleic acid : it could not 
be used as a lubricant, owing to its acid reaction upon metals ; when saponified by the ordinary 
methods, it produced a very soft and very brown soap, slow of sale. It was discovered, however, 
that when saponified with soda-leys of very high specific gravity, a hard soap could be made from it, 
containing a veiy large percentage of fatty -acids, and good for ordinary cleansing purposes, but 
whose smell was considered objectionable. A few years ago, M. Eadisson, of Lyons, taking 
advantage of a laboratory reaction of oleic acid which had long been known, developed a method 
of converting it into palmitic acid, and, by dint of great perseverance, worked out the details of the 
process on an industrial scale ; it is now a commercial success, and has been patented in nearly all 
countries where candles are manufactured. AVhether it is more economical to convert the oleic 
acid into soap or into palmitic acid, depends upon the relative cost of the two processes, and the 
current market value of the manufactured products. 

The following information relative to this remarkable process, which is extremely interesting, 
from both scientific and technological points of view, was kindly supplied to the writer, by 
the patentee, M. St. Cyr Eadisson, 37, Boulevard-Oddo, Marseilles. 

In 1841, Warentrapp announced that when oleic acid was heated with a great excess of caustic 
potash, it was decomposed into palmitic acid, acetic acid, and hynlrogen, the acids combining with 
the potash, the reaction being explained by the following formula : — 

Ol-ic acid. Potash. Palmitate of Potash. Acetate of Potash. Hjdrogen. 

O 18 H 34 O 2 -t- 2KHO = C.sHj.KO^ -(- CjHjKO^ + H„. 

At M. Eadi.sson s f.ictory at Marseilles, this is practically realized, and about 3 tons of oleic acid 
are daily converted into palmitic acid, by this process. 

1-0 effected in cylindrical cast-iron vessels, with sheet-iron covers ; they are about 

i 5 ft- li'Sh- A fireplace is built beneath them, sufficiently far off to avoid 

heating by radiation. About IJ ton of oleic acid and 2^ tons of caustic potash leys at 43° B. are 
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pumped info one of the vessels. The evolved steam passes off hy a large manhole on the upper 
side ; when the soap gets dry, this manhole is closed, and the disengaged gases are conveyed 
through pipes, first to a condensing tower, and thence to a gasometer. The temperature of the mass 
is slowly raised to 320° (608° F.). A mechanical agitator revolves in the mass, with tlie double 
purpose of ensuring equal distribution of heat, and of beating down the froth, which rises abund- 
antl}'. Eventually the soap undergoes igneous fusion, and at 290° (554° F.), begins to give off 
hydrogen. When 320° (608° F.) is attained, the escaping gases have a peculiar smell, very readily 
recognized ; at this point, it is necessary to suddenly stop the operation, since if the heat were 
continued longer, the materials would enter on the stage of *• destructive distillation.” In order to 
eflfect this stoppage, steam and water are introduced by a Giffard's injector, and at the same time, 
a door in the bottom of the cylinder is opened, by which the palmitate of potash falls into an open 
tank, where the soap and a quantity of water sufficient to melt it, are heated together by a steam- 
jet. After subsidence, the contents of the tank divide themselves into an upper layer of neutral 
palmitate of potash, and a lower layer of potash leys, usually about 18° B. The neutral palmitate 
is removed to another vessel, and decomposed with sulphuric acid ; the last traces of sulphate 
of potash are removed by washing with water. 

At this stage, the palmitic acid is of a clear chocolate hue, and when cooled, crystallizes in large 
tables; its solidification point varies between 50° and 53° (122° and 127° F.), according to the 
nature of the oleines employed. It can be distilled with great facility in the usual apparatus, and 
leaves only 3 per cent, of pitch. After distillation, the palmitic acid is extremely white, and 
burns with a very clear, smokeless flame. Moulded into candles, it compares very favourably with 
the best stearic acid ; and when mixed with ordinary stearic acid, it “ breaks the grain ” of the 
latter (i. e. destroys its tendency to crystallize), and gives it a semi-transparency, very valuable in 
the eyes of a candle manufacturer. 

Instead of decomposing the palmitate of potash by sulphuric acid, it may be boiled with milk of 
lime, under a pre.ssure of three atmospheres, when the result will be a lime-soap, flouting in causfio 
potash leys. So much water, however, is necessary for this reaction, that the resulting leys are 
only 6° B., and their concentration to 43° B. is so costly, that it is more economical to regenerate 
the sulphate of potash by Leblanc's process. The potash leys may be completely caustieized in 
the cold at a sp. gr. of 20° B. with six hours’ brisk agitation, thus economizing fuel. The carbonate 
of lime so obtained is pulverulent, and can be easily washed by “displacement” (i. e. running 
water through it to wa.sh out the potash), in a layer 3 ft. thick. The caustic leys are rapidly con- 
centrated to 43° B., and stored in tanks, where, on cooling, they deposit the small amounts of 
sulphate and carbonate of potash which they contain, and the vertical partitions of the tanka 
become covered with crystals of acetate of potash, arising from the preceding solidification. The 
perfectly clear leys are then employed in the transformation of fresh portions of oleic acid into 
palmitic acid. The crystals of acetate of potash are separated from the leys which hang about 
them, by a centrifugal machine, and are then taken to a distilling apparatus, where the acetic acid 
is displaced by sulphuric acid. The crude acetic acid, thus obtained, is purified by a second 
distillation, and becomes of commercial value. Its quantity should be 2-5 per cent of the oil 
solidified. 

Oleic acid, which is the product of the distillation of fatty bodies, contains small quantities of 
hydrocarbons analogous to natural petroleum. These distil over during the conversion of oleate 
of potash into palmitate, and are condensed in a tower, furnished with transverse partitions, 
extending alternately nearly across its diameter. A simple rectification makes them pure enough 
for illuminating oils, and the paraffin which remains in the heavy portions of the oil can be 
separated by crystallization in the cold. As a matter of purely scientific interest, it may be 
mentioned that caprylic alcohol, sebacic acid, caproic acid, and other rare substances, are formed, in 
very small quantities, simultaneously with the palmitic acid. 

All fatty bodies, with the exceptiou of mare’s grease, and the fat of “ suint,” can thus be 
solidified by the action of caustic potash ; but the ultimate products vary, and the palmitic acid is 
by no means always pure. Different percentages of palmitic acid are obtained in the final result, 
according to the nature of the fatty bodies employed. Thus, 100 lb. of oleic acid, resulting from 
tallows decomposed by lime, should yield 91 lb. of palmitic acid fit for candle-making, while 100 lb. 
oleic acid resulting from distillation processes, only yields 87 lb. of white palmitic acid. 

The following figures give the cost, in francs per 100 kUos., of white palmitic acid produced 
from distilled oleic acid : — 


General charges 5-80 

Labour 6 ’35 

Loss of alkalies 2 • 60 

Fuel for all operations 8 • 10 

Carbonate of lime O' 60 

Caustic lime O' 65 


Sulphuric acid 2 ' 60 

"Wear and tear of plant . . . . - 95 

Distillation 3 '50 


31-15 

or a total of about 13?. a ton. 
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It is not necessary to describe here all the difiBculties encountered in obtaining, by the Leblanc 
process, an economical transformation of sulphate of potash into caustic. It may, however, be 
mentioned that an evaporating pan, placed at the back of the furnace on a level with its bed, has 
been found most useful. It is fed by the mother-liquor of the sulphate of potash, which, by its 
evaporation, keeps up a supply of moisture around the small particles of potash, which are 
volatilized, or carried over mechanically by the furnace draught, and thus, by increasing their 
density, causes them to settle in the pan. This simple contrivance has so reduced the loss of 
potash as to render possible the application of the Leblanc process. 

M. Eadisson claims the following advantages, as accruing to the stearic acid manufacturer from 
the adoption of his process 1. Utilization of the oleine, a troublesome by-product of variable 
value ; 2. The floating capital necessary for the purchase of raw material is diminished by about 
30 per cent., the production of stearine being increased by nearly the amount of oleine produced ; 
3, The manufacturer can use low-priced greases, whose value varies in inverse proportion to tlieir 
richness in oleine ; 4. The stearine produced by this process is little, if at aU. inferior to that 
produced by any other process. 

It may be noted as an interesting fact, that the oleic acid produced by Bock’s process is more 
suitable for conversion into palmitic acid than that produced by eitlier of (he other methods. The 
two processes (Bock's and Eadisson’s) are worked conjointly with the most satisfactory results. 
The percentage of palmitic acid from Bock’s oleic acid, is higher than that fiom any other. 

Wax . — Beeswax is a product of no small importance for candle-making purposes. A trifling 
proportion only is made in England, but it is of far superior quality to the produce of other lands. 
A considerable quantity is imported annually from Corsica, and smaller amounts from India, 
Ceylon, I’Tortb America, and Brazil. Beeswax is always of a brownish or yellowish colour, and 
has a peculiar smell resembling, and derived from, honey. It is purified and rendered white by 
being melted in hot water, or by steam, in a vessel either of tinned copper or of wood. It is 
allowed to settle, and the waxy superstratum is run off while fluid into a wooden trough, having 
a row of perforations in its bottom, by which it is distributed upon horizontal wooden cylinders, 
made to revolve with their lower portions surrounded by cold water. The ribbons or films made 
in this way are then exposed to the bleaching action of the atmosphere and suidight, being 
frequently moistened and turned over during the process. It is necessary to guard against wind, 
which might scatter the shreds; for this purpose, large cloths are provided. The operation is 
continued until the wax becomes perfectly clean and white. It is usually conducted from April 
till September, the exigencies of the weather preventing it at other seasons. In France, it is 
customary to add a little cream of tartar or alum to the water in which the wax is melted, by 
which the long and tedious operation of bleaching is rendered unnecessary, or much shorter. 
Bleaching agents, such as chlorine, cannot be employed to bleach wax, since they render it unfit 
for making into candles. Burified in the above manner, beeswax is perfectly white, and has 
neither taste nor smell; it has a specific gravity of from 0- 900 to O' 990; at a temperature of 30° 
(86° F.) it becomes soft, and melts at 68° (154° F.; ; at 0° (32° F.), it is hard and brittle. 

Other kinds of wax are also used, such as Chinese wax, derived from an insect, the Coccus 
ceriferHs ; Japan wax, of vegetable origin ; Carnauba wax, from Eio de Janeiro, which is also a 
vegetable wax, remarkable and especially valuable on account of its high fusing-point ; and several 
other varieties of vegetable wax, derived, like the last two, from palms. Besides these, may be 
named the greenish Myrica, or myrtle wax, obtained from the fruit of the Myrica cerifcia. It is 
used in America for candle-making. Wax candles arc superior to tallow candles, not merely on 
the score of hardness, elegance, and cleanliness, but also on account of tire greater purity and brE- 
liancy of their liglrt. 

Faraffin . — During the lust twenty years, paraJBn has come largely into use for candle-making. 
The crude solid product separated from the Irght and heavy oils by the mineral oil refiners, and know n 
as “ paraffin scales,” is of somewhat variable eomjxisition. The impurities amount, on an average, 
to 20 per cent, of the weight, and consist of blue oil, greasy hydrocarbons of low fusing-point, solid 
refuse, and water. The oil manufacturers, having an eye to the quantity of solid product, often 
separate the scales from the oil, as early in the process of oil refining as pos,‘!ible, knowing that the 
subsequent distillation and the treatment with acid and alkali will reduce the weight of solids by 
decumpnsitiou. Hence the process of refining may vary according to circumstances. The method 
adopted by Messrs. Young and by Wm. Walls and Co., of Glasgow, is first to melt the scales in a 
large pan, by the introduction of steam through a perforated wrought-iron coil. The mechanical 
impurities and the bulk of the water subside; the supernatant liquid is decanted into another 
vessel, and mixed with a due proportion of coal oil or spirit, varying in gravity from O' 735 to 
O' 765. It is then caked, or allowed to fall on a revolving drum, kept cold by an internal flow 
of water ; less oil or spirit — say J of the weight of the scales — is required by the former jdan, 
more by the latter. The cakes or pulp, as the case may be, are then placed between porous or 
absorbent materials, usually cocoa-nut malting lined with canvas. These are arranged in a 
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hydraulic press, fitted with iron plates and wickerwork mats to keep the layers distinct, and are 
subjected to pressure. This operation is repeated till all the oil and greasy hydrocarbons are 
removed. When this is accomplished, the cakes, as removed from the press, should be almost 
transparent. Instead of employing clean coal oil or spirit at each operation, some manufacturers, 
with a view of economy, use the pure liquid for the last wash only. When this principle is adopted, 
the liquid pressed from the cakes at the last operation is used for those at the second stage, and 
from that stage again for those at the fiirst stage. Thus the scales are subjected to three pressings, 

464 . 465 . 



which, if done with care, should be sufficient to pro- 
duce highly refined paraffin. It is obvious, however, 
that unless the scales have been properly treated by 
the oil refiners, before coming under the operations 
described, disappointment and failure will result. It 
is also clear that the refining will be more perfect by 
using pure spirit at each operation. 

The oldest form of hydraulic press was the ver- 
tical cold press, still used for the commoner kinds of fat. 

The newly introduced hot presses, on the other hand, 
are horizontal in shape, and altogether of superior 
construction. They are made by Needham and Kite, 
of Vauxhall ; and by Galabrun Frcres, of Paris. 

Figs. 464, 465, and 466 show respectively a front 
elevation, partly in section, side elevation, partly in section, and a plan, of a novel hot press 
specially adapted to the requirements of paraffin, sperm, and stearine refiners. It is made by James 
Clarkson and Co., Maryhill Engine Works, Glasgow, from the design of W. Walls, Esq., of that 
city, through whose kindness the following description and illustrations have been obtainetl. 
For convenience in working, and economy of labour, whether as a hut or as a cold press, it is 
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unequalled. Tiie plates A are notched at each end with a check of varying width, corresponding 
with the diameter of two vertically tapered bars B, placed at each end of the press and parallel with 
its supporting pillars. The object of this contrivance is to do away with the necessity for a balance 
weight, or other arrangement for bringing back the ram, plates, &c., when the press is opened. By 
this plan, on the ram being lowered by its own weight, each plate falls back into place, being 
stopped by the increasing size of the tapered bars ; thus the plates are held in their places, equi- 
distant from each other, and in a position to render the refilling of the press a matter of the greatest 
ease and simplicity. The bottom of the press is cast with a trough on it, which receives all the 
drippings from the plates, while the cylinder head, and the bottom collars on the pillars, are pro- 
vided with projecting drooping rings ; in this way, no oil can escape down the sides of the tapered 
bars or the pillars, but all must drop into the trough. The press is entirely encased in sheet iron, with 
hinged doors in front, for introducing and withdrawing the materials. A perforated steam pipe C 
is introduced at the top of the press, and is carried down the back inside ; thence it passes on 
both hands around the bottom of the trough, for tbe purpose of keeping the drippings in a liquid 
state. An outlet pipe is attached to the front or back of the trough, and serves to conduct the oil 
to a tank. 

The process of purification is simply mechanical; its efficacy, other things being equal, may 
be a subject of arithmetical calculation, the factors being the relative quantity of spirit or oil 
used at each wash, the amount of oil left in at each pressure, and the number of washes. There 
is, moreover, another matter which exercises an important bearing upon the results, viz. the tempera- 
ture at which the cakes are cooled after each melting. In the act of cooling, crystallization 
takes place, and the slower this is performed the more perfect are the crystals. The result is 
that when a perfectly crystallized cake is subjected to pressure, it behaves like a sponge, yielding 
up the impurities to combination with the spirit. A quickly cooled cake, on the other hand, 
may be compared to a piece of putty or dough, and will not press to advantage, nor yield satis- 
factory results. The washes containing the impurities, along with parafHn in solution, are, as has 
been shown, either sent back in the process in bulk, or the naphtha may be distilled off, and the 
residue returned and treated <tb initio. In all cases, the liquid which has been used for the washing 
at the first stage is the most heavily charged with low hydrocarbons, and must be subjected to 
distillation. The spirit is separated from this residue by steam heat, and may bo used again; but 
the heavier portions require treatment with acid and alkali, as in the case of crude oils. 

The cakes, which, by repeated washing and pressing, have been freed from colour, and from the 
greasy constituents which would spontaneously decompose and injure the wax, will, even after 
extreme pressure in hydraulic presses heated by steam, still contain a proportion of naphtha. 
To get rid of this, the cakes are put into a still or rectifier, an iron vessel furnished with a 
condensing appaiatus. Amongst the melted paraffin, high pressure steam is introduced through 
a perforated pipe, and produces violent agitation. This is continued till tlie last trace of smell 
is removed, 12 to 70 hows being required to effect it, according to the specific weight of the 
oil or spirit used. The condenser is employed for the purpose of recovering the naphtha for 
future use. 


The only operation now requiring explanation is the passing of the liquid wax through animal 
charcoal. Before this process can be applied with effect, every trace of suspended moisture must 
be removed ; this is done by heating the liquid, as dec mted from the rectifier, in a steam-jacketed 
pan. After the complete removal of the water, freshly burned animal charcoal, to the amount of 
5 to 8 per cent., is added to the wax, stirred actively for half an hour, and left to settle. The 
clear liquid is then allowed to percolate through filters, which effectually remove the very fine 
particles of charcoal that refuse to subside. This liquid, which should now be as pure as water, is 
put into mouhls to cool, when it will be ready for candle-making. 

By the method above described, the very finest “ wax ” is now made by the Glasgow firms before 
mentioned. The only drawbacks to this interesting process are the risk of fire, created by the 
accumulation of inflammable vapour of naphtha, and the loss of volatile materials from the same 
cause. To obviate these drawbacks, other methods of refining paraffin have been devised and duly 
patented by their inventors ; but no other process has proved effective in yielding a paraffin-wax 
of equal purity and beauty. The patent process adopted by Price’s Candle Company, at Battersea, 
depends upon the fact that paraffins have different melting-points. OH has a greater solvent 
power over the low paraffins, consequently when a properly crystallized cake is warmed to a 
degree below the fusing-point of its higher constituents, the lower grades melt, and carry away 
with them oil and other impurities, leaving the former comparativelv pure and free from oil. The 
proportion of oil in these drainings is such that, when caked, they can be pressed without any 
addition of naphtha, and can thereafter be mixed with scales for draining again. This operation is 
performed in “cooking cupboards,” closets about equal in size to an upright hydraulic press, fitted 
with shelves formed of double iron plates, each shelf being charged with steam. The hard, partially 
purified paraffin cakes, which remain on the shelves of the “cooking cupboard,” are melted in a 
lead-lined vessel heated to 177° (350° F,), and into them is forced from 5 to 10 per cent, of 
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sulphuric acid, sp. gr. 1 • 845. Sulphurous fumes are copiously given off, and must be conveyed 
away by suitable means. The agitation with steam is kept up for several hours, and by this treat- 
ment, all the more unstable hydrocarbons are destroyed, and settle down in the tank. The contents 
are allowed to stand for a time ; the paraffin is drawn off, treated with weak soda-ley, then 
digested for a considerable period with animal charcoal, and passed through a filter, heated by a 
steam jacket to maintain the fluidity of the mass. 

Several materials have been substituted for charcoal in the above process. In one instance, 
the addition of about 12 per cent, of powdered fuller’s earth, at a temperature of 110° (230° F.) is 
recommended. The mixture is well agitated, then left to settle, and the clear paraffin is run 
eff. The fuller’s earth may be cleansed from paraffin by washing or agitation, and used again. 
By another process, invented by Smith and Field, silicates of magnesia, and of other bases, may be 
employed for the same purpose. 

Pure paraffin is sometimes used alone for candle-making ; but it is generally mixed with pro- 
portions of hard stearine, varying from 5 to 15 per cent. The refined paraffin causes the candle to 
burn with a flame of great power, while the high melting-point of the stearine renders it less 
liable to bend under the influence of a warm atmosphere, and to give off smoke during combustion. 

Spernviceti . — The substance known as “ spermaceti ” is a valuable product for candle-making. 
The first operation needed to fit it for use is technically termed “ bagging.” The crude sperm 
oil. as brought in by the whalers, is placed in a reservoir, at the bottom of which are a number of 
pipes leading into long bags lined with linen, and temporarily closed at the bottom by tying cords 
round the mouths. ’The pressure exerted by the body of material in the reservoir forces a large 
proportion of the oil through the parts of the sacking, leaving behind the solid or “ head-matter,” 
as a dingy brown mass. This so-called crude or “ bagged ” sperm is deprived of a further quantity 
of oil by the application of pressure. It is put into hempen bags, which are deposited between the 
plates of a hydraulic press such as that shown above. The pressure applied is about 80 or 90 tons. 
When the oil ceases to flow, the sperm is taken out, melted by heat, and then drawn off into trays 
to granulate. The brittle crystallized blocks are ground to a coarse powder by means of revolving 
cylinders ; the powder is collected in a bin beneath, and is filled into cloths, and subjected to a 
hydraulic pressure of about 200 tons. The oil expressed under this force contains a small amount 
of solid matters, and is therefore returned for re-bagging. The blocks, as turned out of the press, 
are melted down, and boiled for 2-3 hours with caustic soda ley of sp. gr. I’lOO, in the proportion 
of 40 parts by measure of the former to 1^ of the latter. It is important to guard against an excess 
of alkali beyond that required for combination with the oil, as it would tend to saponify the 
spermaceti, and cause a waste of material. The mixture is kept at a low, equable temperature, till 
the oil is taken up, and is allowed to remain at a gentle simmer, while the soap that has been 
formed rises to the surface and is skimmed off. The heat is then raised to about 121° (250° F.), 
and the mass is treated with small successive doses of water, the additional scum being carefully 
taken off as it rises, till the whole is clear. It is then drawn off to crystallize in flat tin dishes, 
whereupon the cakes are again reduced to powder, placed in linen bags, and subjected to hot 
pressure in a very powerful hydraulic press heated by steam, after which the spermaceti will still 
contain a quantity of oil, or weak sperm, which no mere pressure will remove, and which must be 
extracted by saponification. The final operation consists in boiling down the sperm with strong 
alkaline ley at 112° (235° F.), removing the scum as before. When the latter ceases to appear, 
further purification is effected by introducing a little water, at intervals, while the heat is lowered. 
The supeinatant spermaceti, now perfectly colourless and transparent, is cast into blocks and 
crystallized. 

Spermaceti candles are valued for their beauty and illuminating power. They usually contain 
about 3 per cent, of wax or paraffin, to counteract the crystalline structure of the spermaceti, and are 
moulded in the ordinary way. The addition of a little gamboge makes the spermaceti resemble 
wax, the compound being known as “ transparent wax.” 

Ozoherit. — From “ ozokerit,” or “ earth wax,” a kind of mineral paraffin, have long been 
fashioned crude miners' candles, in the districts where it is found ; but the application of the sub- 
stance to the manufacture of candles suited to civilized needs is confined in England to one firm, 
Messrs. Field, of Lambeth. The colour of the mineral varies from brown to greenish and yellow 
tints; its fracture is resinous. It contains 85‘75 percent, of carbon, and 15-15 per cent, of 
hydrogen, and appears to consist of a group of hard, solid hydrocarbons, whose melting-points 
range from 60° to 80° (140° to 176° F.). Dr. Letheby says that the illuminating pow-er of ozokerit 
exceeds that of the best paraffins, and is therefore far beyond those of spermaceti, wax, and stearine. 
The following table shows the number of grains of the various substances enumerated required to 
give the light of 1000 grains of the best spermaceti candles : — 

Ozokerit 754 Wax 1150 

Paraffin 798 — 891 Various compounds ..992—1189 

Spermaceti 1000 ' Stearine 1200 
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The leading properties of ozokerit are : — (1) That it has a very high melting-point, and does not 
bend or soften in a warm atmosphere ; (2) that it has a great illuminating power ; (3) that it bums 
with a dry eup, and is not so liable to “gutter” as ordinary transparent candles; (4) that it is 
entirely free from smell, is not at all greasy to the touch, and has an appearance closely resembling 
the finest bleached beeswax. 

The refining of ozokerit for the purposes of candle-making is almost identical with the processes, 
already described, for refining palm oil and paraffin. The mineral is first carefully distilled ; the 
product mixed with oil is submitted to powerful pressure, to remove the latter as much as possible, 
the extraction of the last traces requiring a treatment with sulphuric acid. The melted material is 
thoroughly washed, and repeatedly filtered through animal charcoal. When thus purified, the 
ozokerit resembles fine beeswax in colour, but is more translucent than wax, though less so than 
paraffin. The hardness and high mel ting-point of the candles made from this source give rise to a 
drawback, common to wax candles, viz. the smouldering of the wick on extinction. The immediate 
cause of this is the fact that the eup of the candle dries and solidifies as soon as the fiame is blown 
out, so that there is no liquid matter left to extinguish the spark. This difficulty is now overcome 
by a special contrivance of the wick. 

Wicks.— The next point for consideration is the wick, constituting the medium through which the 
combustion of the fatty or hydrocarbonaceous matter is performed. The chief essential qualities of 
a wick are good power of absorption, and a capacity for burning freely, evenly, and thoroughly, 
while producing the least possible proportion of ash. It must necessarily be quite free from 
inequalities of whatever kind, and should be made of perfectly sound fibres. The forma and kinds 
of wiek differ widely with the quality and composition of the candle ; the melting-points, and other 
characteristics of the hydrocarbonaceous bodies forming the candle, vary to such an extent that, in 
order to burn to the best advantage — or indeed, in some cases, to burn at all— each sort of candle 
needs to be accommodated with a special wick. One of the greatest secrets of candle-making is to 
have the wick perfectly suited to the peculiarities of the fatty matters employed ; on this score, 
it is impossible here to do more than indicate the principles involved. 

But little variety is to be remarked in the choice of material for making wicks. The original, 
and not yet obsolete, medium was the common soft rush, Juncus conglomeratns, to be found in most 
moist pastures, and by the sides of streams and ditches. They are in best condition in the height 
of summer, but may be gathered on to the autumn. As soon as cut, they are placed in water, other- 
wise they would dry and slirink, and the peel would not run. They are then stripped of half the 
peel, the object of which is to expose the pith sufficiently to enable it to conduct the molten fat, 
while enough of the rigid epidermis remains to afford it support. When duly peeled, they are laid 
out to bleach and take the dew for some nights, and are afterwards dried in the sun. These rushes 
are gathered in Lancashire, and abundantly in the Fen Country, and in Ireland. Candle-wicks are 
ordinarily made of fine cotton yarn ; Turkish cotton rovings are said to be the best, but of the 
cotton employed for this purpose there is certainly a great deal more imported from the United 
States than from Asia Minor. The wicks of night-lights vary greatly in composition, according to 
the fancy of the manufacturer. Sometimes little sections of rush are used, as well as very fine 
cotton yam ; but the majority consist of “ inkle,” a fine flax yam. 

The manufacture of cotton and flax wicks is now performed almost exclusively by machinery, 
the threads of fibre being bound together either by twisting or by braiding. For dip candles, the 
wicks require to be bulky and of loose texture, in order that the melted tallow may rise freely. 
They are therefore made by twisting, and constitute the simplest form of wick after mshes. The 
cotton yam chosen for the purpose must be “ oozy ’’ or furry, and the threads must be free from 
twist. This is placed ready balled in the cutting machine, a simple contrivance already repeatedly 
illustrated elsewhere. By it, the yam is doubled in proper lengths around a rod ; a knife then 
descends and severs the yarns, to which a twist is communicated, by means of a rolling apparatus 
worked by a treadle. The twist is secured by dipping the wicks at once in molten fat. Twisted 
wicks have a great drawback, inasmuch as they are only very partially consumed in the flame, and 
thus necessitate the troublesome operation of snuffing. The first attempt to remedy this evil was 
made by Price's Candle Company, on the occasion of the Queen’s marriage. The candles were made 
self-snuffing, by means of plaiting the wick, and “ gimping” strings of wire, or other fibrous material, 
into the plaits, with the object of bending the wick outwards, so that the end of it should reach the 
oxidizing part of the flame, and thus be destroyed. A simplification of this plan consisted in 
plaiting the wick with strands of unequal length, by which the same result was attained. In these 
cases, the wick was round. At the present day, plaited wicks are made flat, by which means they 
acquire a natural inclination to bend. For all kinds of moulded candles, plaited, or in technical 
language, “ braided,” wicks are used, the old-fashioned twisted wick being reserved for “ dips.” 
An improved form of wick-plaiting machine is shown in Fig. 467 ; of a triple set, one apparatus only 
is seen. The contrivance is simple, but very ingenious. The strands of cotton yarn are carried 
on three revolving bobbins, whose gyrations are regulated by the beater beneath. The plaited 



CANDLES. 


591 


■wick is passed away in an endless rope over tlie wheels In principle, this is identical ■with 
ordinary braiding machines, but it differs from them in always haying hut three bobbins. Given 
proper materials, the success of a wick depends upon the manner in which it is plaited, and 
especially upon the relative tightness of the plaiting. Stearine candles require a moderately 
tightly braided wick ; for paraffin, the braiding must be extra tight ; for sperm and wax, on the 
other hand, it needs to be unusually loose. 

Few candle makers plait their own wick, 
at least in any quantity; they prefer, in 
most instances, to entrust the work to cotton 
spinners who make it more or less a 
specialty. The leading firm in this busi- 
ness is Haynes and Co., of Hampstead 
Road, London, who will courteously afford 
every information. 

After being twisted or plaited, the 
■wicks are bleached in the ordinary way, 
and thoroughly dried. Before being used 
by the candle-maker, they are dipped in 
a bath of pickling liquor, the effect of 
which is to retard combustion, and to help 
in causing the destruction of the ash. The 
pickle most commonly employed is a solu- 
tion of about one pound of boracic acid in 
75 pints of water ; in this, the wicks are 
soaked for about three hours. When 
taken out, they are eitlier wrung, or put 
into a centrifugal machine, to remove the 
first excess of water, and are then com- 
pletely dried in a tinned-iron box, pro- 
vided with a steam jacket Various other 
pickles are recommended ; the principal are 
— 1, A solution of 5 to 8 grms. of boracic 
acid in 1 litre of water, to which 0‘3 toO’5 
per cent, of sulphuric acid has been added ; 

2, a solution of phosphate of ammonia 
(used in some Austrian works) ; 3, a solu- 
tion of sal-ammoniac at 2° to 3° Beaumd 
(proposed by Dr. Bolley) ; 4, a solution of 
2 oz. borax, 1 oz. chloride of potassium, 

1 oz. nitrate of potassium, and 1 oz. chloride 
of ammonium in 3 quarts water ; 5, the 
wicks of the newly-introduced “snuffless 
dips ” are plaited, and are then soaked in 
a solution of nitrate of bismuth. 

Candle Manufactcbe. — Having described the nature and preparation of the materials which. 
In one form or another, constitute the two component parts of every candle, the next consideration 
will be the manner in which their combination is effected. Two plans only are in vogue, each 
exceedingly simple ; one is known as dipping, the other as moulding. The former is employed for 
common tallow candles, which are accortlingly called •• dips.” The rods supporting the twisted 
wicks, as they come from the twisting and cutting machine, are transferred to a frame capable of 
being raised and lowered at will. This commonly takes the form of a beam, but a better arrange- 
ment is seen in Fig. 468. The frame, made of iron, and capable of revolving, is so suspended that 
a perfectly horizontal position is always maintained, even under undue pressure at either end ; in 
this way, are secured a uniform length of candle and a plumpness at the top, which is difficult of 
attainment even by skilful workmen by the ordinary beam. Under the frame, are placed troughs 
containing melted tallow, into which the suspended wicks are repeatedly dipped. After each 
dipping, the adherent fat is allowed to cool sufficiently to retain a new coating on fresh immersion. 
The process is renewed until the candles have grown to the proper thickness ; they are then left to 
cool and harden. Dip candles are still largely manufactured, and are much employed in mines 
and small factories, and by domestic servants, as well as in cottages ; but within the last three or 
four years they have there been largely replaced by the small moulded “ cottage composites,” made 
from distilled fatty acids, with a self-consuming wick. These are, in fact, small and cheap 
composite candles, \pade in the same sizes as the old tallow “ dips,” and at nearly the same price. 
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They are very largely manufactured by several firms, among whom may be mentioned Christopher 
Thomas and- Brothers, of the Broad Plain Soap and Candle Works, Bristol. 

By far the greater number of candles now manufactured are moulded, by which they acquire a 
much more finished appearance. The most simple form of moulding machine is that known as the 
“ liand-frame,” which is in use only among small manul'acturers. The form commonly used is 
that made by Biertumpfel, of Albany Street, 

Regent’s Park, and sho-wn in Fig. 469 ; A. stan- 
dards and water-box, with candle monlds partially 
enclosed ; B, movable clamps, for holding the 
ejected candles ; C, handle of eccentric wedge, for 
opening and closing the clamps ; D, pistons, having 
the tips soldered at the top ends, which are fitted 
to the lower ends of the candle moulds ; E. cotton 
bobbins, revolving on strong iron pins ; F, crank 
handle, for raising the pistons, by the action of 
which the newly made caudles are ejected into the 
clamps ; G, handle of gun-metal gland cock, for 
emptying water-box (this cock is so arranged that it 
cannot leak or get out of order) ; H, overflow pipe, 
which prevents the box from being overcharged, 
with water : I, newly made candles, held by 
clamps while the melted material is being poured 
in, so that the wick is centred in each mould ; 

J, a clearing pin, to enable workmen to clear the bend of the overflow pipe if it should become 
choked ; K, a pipe to admit hot or cold water to the water-box. The method of using the machine 
is as follows;— After having made the conneclion between the hot and cold water pipes and the 
machine at K, and having connected tlie outlet pipe with a drain, the machine is ready for cottoning. 
The pistons are raised by turning the oiank handle F, until the tips are level with the butt ends of 
tile tin candle moulds, where they can be held by the pawl catching in the pinion. A fine wire, 
doubled, and of sufiloient length to 
go through the tip-mould and piston, ;,-~j 

is then inserted, and extended below 
the piston sufficiently to enable the 
operator to pass the candle wick end 
through the loop. This permits the 
cotton to be drawn up through the 
mould ; it must then be secured iu 
any convenient manner during the 
first filling. The crank F is returned, 
the melted material is poured in, 
and the operation is complete. When 
nearly cold, the butt ends of the 
candles are shaved off with a tin 
scoop or a wooden spud. The clamps 
B should be placed opeu over the 
machine; the crank handle F is 
then turned, and the candles are 
ejected info the open clamps. These 
are then closed by the handle C, so 
that each candle is held in its proper 
position. The crank handle F is 
then returned to allow all the pis- 
tons to recede into their places ; the 
wicks are thus held in a central 
position by the candles I and the 
cotton bobbins E. The cotton should 
be slightly strained under the piston pi ,fe. 
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i c , , . . , ' - melted raateri.d is again poured into the moulds 

batch : wl en these are nearly set, the wicks are severed under the clamps and the 
first batch ;s removed m the clamps. The temperature of the water in the machine s lily 
regulated, by shuttmg off or admitting hot or cold water, as required, at the T connection at K 

ipes, situated inside the water-box and between the rows of moulds are 
Ihese machines occupy only about ^ ft v 9 i ’ 

1 lb each to ofi t 11 . It. Tr . ^ ^ ^ Space, and are made to mould 

to the lb. It IS also possible to make candles of two different 


The internid immersion 
perforated, 
candles from 
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diameters, or several different lengths, in the same machine. A polislied appearance is given to 
the candles hy alternately admitting hot and cold water into the water-box ; the adjustment of 
the temperature is an operation needing special experience, the men’s fingers forming usually 
their only thermometer. 

Another form of moulding machine is shown in Fig. 470. It is manufactured by Galabrun 
Freres. of Paris, and is in general favour on the Continent ; it is said to be capable of turning out 
200 candles per half hour ; hut it 
is only suitable for stearic acid, 
or similarly hard material. 

When moulded and cold, the 
candles are taken to little tables, 
fitted with circular knives re- 
volving at high speed. Here 
the butt ends are trimmed, and 
the length of the candles is ad- 
justed to the weight. Some of 
the superior kinds of candle 
xmdergo a special polishing 
operation, performed by sub- 
jecting them to the friction of 
felt and other substances. In 
Fig. 471 is seen a trimming, 
washing, and polishing machine 
combined, as made by Gala- 
brun Freres. 

Modifications of Candle Mann- 
faclare. — a. Double wicks. — 

Some very thick candles, such 
as the so-called “ police-lights,” 
and others, used in ships’ lanterns, &c., are made with double wicks. Ordinary frames cannot be 
used in this case. The wick is threaded on a kind of metallic skewer, which is thrust into the 
centre of the candle mould. When the candle has partially cooled, the skewer is withdrawn, 
and the wick is left behind. The space left vacant by the extmction of the skewer is filled up 
with candle material. 




i>. Fancy patterns. — Instead of the plain cylindrical form, candles are sometimes made in a 
variety of fancy patterns — spiral or ropelike, with figures to indicate the hours, &c. These require 
special moulds. 

c. Self-fitting ends. — Many candles are now moulded with conical bases, so as to fit any holder. 
For these, a little tin mould is fixed above the ordinary frame mould. 

d. Coloured candles. — For colouring candles, vegetable dyes are almost solely used. In the.se 
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extravagant days, candle- makers are often required to supply an article of a tint which will match 
some particular cefling or wall paper, and no little ingenuity is required to ensure such tints being 
permanent. 

As an illustration of the demands made by fashion, it may be mentioned that Price’s Candle 
Company keep 300 varieties of candle always in stock, and are open to make 1000 different kinds 
(including size, colour, and material) in case of need. 

Though electric lighting has emerged from embryotic obscurity into a palpable, fully-developed 
fact, much to the consternation of the gas companies, there is no reason to suspect that it wiU, within 
a proximate date, at all displace candles. With abundant evidence that the antiquated rushlight 
is still an article of domestic use — Messrs. Haynes supply between three and four tons annually, prin- 
cipally to the University towns, — there is safety in predicting a long life for paraffin, stearine, and 
composite candles, and even for the humble “ dip.” 

Illuminating Value . — It is somewhat remarkable that the public, in judging of the value of a 
candle, are entirely guided by its mere appearance, and more particularly by its colour. The 
primary object of a candle is to give light. In estimating the value of any light-giving material, 
three factors have to be taken into account, viz. ; — (1), the cost of the material ; (2), the rate of its 
consumption ; (3), the luminous intensity produced. In practice, a sperm candle burning at the 
rate of 120 gr. an hour, is taken as the standard light with which all others are compared. This 
is the explanation of the phrases “sixteen-candle gas,” electric light of so many thousand “ candle- 
power,” and so on. Such a standard, however, is unsatisfactory at best, since very slight in- 
equalities in the wick, or changes of its curve in the candle flame, materially affect the luminous 
intensity, without appreciably altering the amount of sperm consumed. Various other standards 
have been proposed, but none are thoroughly reliable. (See Photometry.) 

The following tables are the result of experiments by Dr. Frankland, F.Ii.S., as to the luminous 
intensity, cost, &e., of various sources of light : — 

I. Quantities of different substances required to produce the same amount of light. 


Young’s paraffin oil 
American rock oU . . 
Paraffin candles .. 
Sperm „ 


1 • 00 g.\l. (about 8 lb.) 
1-28 „ 

18-6 lbs. 

22-9 „ 


Wax candles 26 ’4 lb. 

Stearic acid candles 27‘6„ 

Composite „ 29’5 „ 

Tallow „ 36 "O,, 


II. Cost of different sources of light equal to that of 20 sperm candles, each burning for 10 hours, 
at the rate of 120 gr. an hour. 


Wax 

Spermaceti 

Paraffin 


s. d. 

7 2i 
6 8 
3 10 


Tallow 2 8 


s. d. 

Sperm oil 1 10 

American rock oil 0 6| 

Paraffin oil 0 5 

Coal gas 0 4| 


Although it is impossible to avoid the inference from the above figures, that candles in any form 
are very expensive illuminating agents, compared either with coal gas, or paraffin oil (or any of its 
numerous modifications), nevertheless, the numerous advantages which they possess render it 
exceedingly unlikely that they will, to a greater extent than at present, be superseded by either of the 
two cheaper methods of illumination. Neither coal gas nor paraffin oil can be employed except at 
what are, for all practical purposes, stationary points; they cannot be carried about, while evolving 
light, from one place to another, and are altogether destitute of that element of portability, which 
renders the candle so valuable. Further, except in so far as a fire may result from actual contact 
between a candle flame and any inflammable substance, candles are absolutely safe illuminating 
agents, and persons burning them are not liable to the alarming explosions and fixes which result 
from the careless use of gas, or of paraffin lamps. 

Notwithstanding, therefore, the competition of g^s and petroleum, and, it may be added, 
possibly of the electric light, there seems no reason for believing that the candle trade will do other 
than increase with the needs of the population, and will continue to repay every effort devoted to 
its improvement which is founded upon truly scientific and sound commercial principles. 

Night-Ughts. The making of night-lights is an important branch of candle manufacture. 
In 1877, Prices Candle Company, who enjoy almost a monopoly of the production of these useful 
articles, turned out 32 millions of them. There are two distinct kinds of night-light ; the common 
form, so long known as Child’s, from the inventor, whose son now manages this department of Price’s 
Candle Company s factory, and the Company’s new patent night-light. The former are made by 
running molten fatty matters into little wooden cases, which are the result of a series of operations. 
Balks of timber, free from knots, are the foundation of the manufacture ; the best American pine is 
preferred, but it is now becoming scarce and dear, and the so-called “ tulip-wood ” has often to 
be substituted for it. The balks of timber are brought under a huge planing machine, which shaves 
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off beautifully even slices, no thicker tlian stout paper. These are used as well for the boxes in 
which the night-lights are packed for transport as for the cases of the night-lights themselves. It 
is perhaps a little out of order, but at any rate it is convenient, here to complete the account of the 
manufacture of the packing boxes. The slices of wood are cut into rectangular form of the required 
size, and corresponding sheets of tough, but very thin, paper are pasted over them, by boys, at great 
speed. In tliis condition, they are pressed, to ensure adhesion, and are then taken to a machine for 
the purpose of having incisions made in them, where the edges are to be turned up to form the sides 
and ends. The cutters of this machine are so beautifully adjusted, that they completely sever the 
wood without so much as scratching the paper backing, which remains to form the hinges or angles. 
The same thin slices of wood are used in making the night-light cases. The slices, each of a size 
to form about a dozen cases, are coated with paper. This, like aU the remaining processes in the 
manufacture of Child’s night-light cases, is performed in a most dexterous manner by girls. The 
slices are placed on a table before a girl, who with one hand pastes a printed yellow label on the 
wood, while with the other hand she coats the paper label with gum, which gives it a glazed 
appearance, and at the same time renders it waterproof, the latter being an important consideration, 
as the light has to be burnt in a saucer of water. The double slices are immediately rolled to 
a given diameter, and are then carried on trays to a heated room to dry. After drying, each roll is 
subdivided into the proper number of cases, by means of a lathe, at the rate of 150 per minute. 
Next they are bottomed with cardboard, by means of a fitting stick, and an aperture is punctured 
in the centre for the introduction of the wick. This is provided with a tiny square tin-foil sustainer, 
which is secured to the case by means of a single drop of wax. The cases, thus prepared, are placed 
on trays to be filled. This operation is entrusted to boys, who manifest a skill and exactitude quite 
astonishing, and have proved themselves superior to any mechanism which has yet been tried for the 
purpose. The creamy fat is poured from a can with a narrow straight spout, sufficient being 
tipped at one operation into each case to exactly fill it and no more. When cool, the exterior of 
each case is scraped with a blunt knife to remove accidental splashes, and the lights are ready for 
packing in the boxes already alluded to. 

The new patent night-lights differ from the foregoing, not only in being made from very much 
better materials, but also in the method of manufacture and mode of burning. Cases are dispensed 
with, and the fatty material, usually derived from palm oil, is moulded to the required shape by 
being run into a frame, which consists of a number of moulds or cups securtdy fitted to a bed of iron 
or wood. Into these, the melted material is poured and left to cool. When cold, the excess of fat 
is scraped off with a blunt tool, and the night-lights, ready punctured for the insertion of the wick, 
are lifted out by a screw. The wicks are introduced by boys. On each wick, cut to the proper length, 
is threaded a tiny square of tin-foil, which is to serve as a support for it during the latter stage of 
the combustion of the ’ight ; the wick is then thrust through the little disc of opaque white fat, 
and is secured by a cleat effected by a sharp blow on a miniature vertical anvil. The rapidity and 
precision with which tlie lads perform this operation is something to admir e. The fights are now 
ready for burning, for which purpose they are placed without water in little glass cups. Night- 
lights are made of various sizes, calculated to burn for six, eight, or ten hours. 

(See Glycerine; Oils; Ozokerit; Paraffin; Photometry; Soap; Spermaceti; Wax.) 

W. L. C. 


CANE. (Fb., Canne; Ger., Bohr.') 

The term “ cane ” is properly restricted to the class of plants known as “ mttans,” included under 
two closely allied genera. Calamus and Darmonorops, of wliich there are many species. They are 
generally classed among the palms ; but they seem rather to form the connecting link between 
palms and grasses, uniting the habits of the former to the inflorescence of the latter. On the 
differences in their methods of growth, has been founded their classification into “ ground rattans,” 
and “ climbing rattans,” the latter being by far the more numerous and important. Nothing can 
be imagined more graceful or beautiful than a cane-bush. The plants often grow in extensive plots ; 
but frequently also as single specimens, creeping to the tops of the highest forest trees, falling again 
in festoons, alternately trailing and climbing. They sometimes attain the enormous length of 500 ft., 
though more commonly 250 ft. is the limit, with a diameter somewhat less than half an inch. During 
growth, the plant is sheathed in a case of numerous and most beautiful leaves, which are stripped 
off when preparing the canes for market, leaving distinct rings to mark where the leaves have 
sprung from the stem. The stem, leaves, and tendrils are covered with terrible thorns. The fruit 
hangs in clusters of about fifty berries, each as large as a cherry, bright, cream-coloured, and edible. 
The stem contains much water, which may be extracted by cutting off a section and blowing 
through it. The roots and sprouts, when just above the ground, make a good vegetable. The 
plant requires a moist rich soil. It is very widely distributed throughout the Indian Archipelago, 
Malay Peninsula, China, India, Ceylon, Africa, and Australia, being specially abundant in aU the 
moist tropics of the East, both continental and insular. 
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Over fifty varieties of Calamus have been identified ; those principally entering into commerce 
are the following : — 

C. rotang ; stout. 

rudentum ; indigenous to the Moluccas. 

verus; indigenous to Cochin China and the Moluccas. 

draco ; indigenous to Sumatra and the Moluccas ; furnishes the “ dragon’s blood ” of commerce 
(see Resinous Substances) ; this and the two preceding are varieties of C. rotang. 

erectus; found at Silhet, in India. 

Scipionum ; most abundant in the Malay Peninsula; slender; supposed to yield the malacca 
cane brought from Siak. 

Eoyleanus; grows the farthest north of any, being found at Dheyra Doon, iu India, and 
plentifully in all the eastern forests of Kumara. 

gracilis ; 1 

tenuis; > indigenous to Chittagong and Assam. 

extensus ; J 

australis ; indigenous to the Louisiade Archipelago. 

petroeus ; a variety of C. rotang. 

Rattans, or rotans, are among the most abundant of the trees indigenous to the Straits Settle- 
ments ; the many varieties are distinguished by the natives as follows : — 

Sigga ; knotted, used for chair bottoms. 

Tiga segi ; three-sided. 

Jiaicat ; used for rigging. 

Tawar ; grows on river banks, and drops in long tendrils armed with thorns, which will pull a 
man out of a boat. 

Mannau; used for walking-canes. 

Samamboo; also used for walking-sticks; dark coloured and glossy, with joints far opart; grows 
to many hundred feet in length. 

Ehannan ; very long and thick ; perhaps the largest cane of the species. 

Sinnee ; long and delicate ; colour, white ; used by Malays for rigging and cables. 

Ligor benar ; true rattan. 

Jomnng ; yields “ dragon’s blood.” 

Salak ; produces edible fruit : Calamus zallacca. 

Bumhan ; ground rattan ; grows straight up; length, about 7 or 8 ft. ; used for tying on thatch. 

Saboot ; used for cables and rigging. 

Binni, or Dinni ; has poisonous leaves. 

Oodang ; red rattan ; used for blowpipes for native poisoned arrows. 

In Borneo and Sumatra, rattans abound in all the old and dense jungles in damp situations, and 
form almost the principal vegetable production. The rattans of Borneo are esteemed finer than 
those of any other part of the world ; they are exported to Singapore and Batavia in immense 
quantities from the Coti and Banjar rivers, on the southern and eastern parts of the island. They 
are collected and brought down these streams on rafts by the Dyaks, for very small remuneration. 
The principal supplies of Borneo are gathered at Banjarmassing (fine sort), Pontianak (common), 
Coti (small, fine), Sarawak (fine and coarse), Sambas (very long, mixed) ; the chief places of 
production in Sumatra are Jambi, and Pandagon on the west coast (glossy kind) ; Perak is the 
most important locality on the Malay Peninsula. 

The Bugis traders of Borneo barter European and Chinese productions with the natives for the 
canes. These are then taken to Batavia, Somataya, Singapore, Penang, &c., and are there 
purchased by European merchants, and shipped to London and Liverpool. The majority of those 
produced at Coti and Banjarmassing go to Holland : those from Perak, to Penang, being re-shipped 
thence to London, and known as “ Penang quality.” All the rivers of Northern Borneo abound in 
canes, and 4000 tons might be cut every year without exhausting the supply. The inhabitants 
would contract to cut them for a ti ifle ; but the cost of carriage to shipping ports and for freight 
would equal 50 or 70 per cent, on the first cost. By far the most valuable rattan, perhaps a 
distinct species, is brought from Banjarmassing, on the south coast of Borneo. It is worth 150 per 
cent, more than any of the others. Vast quantities of rattans are shipped from the Malay 
Archipelago to Europe, India, and China, probably amounting in all to four or five millions from 
British territory alone. 

species are found in Madras territory ; but in India they chiefly abound in the forests of 
-^ssam, wlience they extend along the foot of the Himalayas as far north 
as eyra The East Indian rattans from Calcutta are very inferior, and usually glossy; 

ose rom t e Eastern Archipelago are, except the Penang and Sumatra varieties, not glossy, 
a aus 0 ra er coarse kind are found iu all parts of Formo-a. A small trade is done in them to 



CANE. 597 

the Chinese coast, where their low price often afifonls them a market before the finer but dearer 
kinds from the Straits. 

The most common “ ground rattan ” is the Shapis fldbelliformis, which grows all over China, but 
especially in Lin-kin and the southern districts. It attains a height of 30 ft. and upwards. Most 
of the fibre used by the Chinese is from the bark of this plant (see Fibrous Substances). Their 
great use among us is for walking-sticks, for which purpose they should be chosen tapered, heavy, 
well glazed, and with short joints, preferably those with roots attached, and always of sufiScient 
length to cut up into a definite number of sticks, 38 to 42 in. long, without waste. 

The mode of collecting rattans is as follows : — A native goes into the forest with his parang, or 
bill-hook, to cut as many as he can carry. Having cut a cane, he hacks a notch in the nearest 
tree ; next he strips off a small portion of the outer bark of the cane, and inserts the peeled part in 
the notch in the tree. By simply pulling it through, he easily and rapidly divests it of its leaves 
and epidermis. When he has gathered and peeled about 300 or 400 canes, wliich are as many 
as he can carry in a green state, he sits down, doubles up each one, and ties them in bundles of 
25 to 100. All that is necessary to fit them for the market is drying, a very easy matter in a 
tropical country. By this process, the canes assume the yellow colour with which we are familiar, 
some becoming glossy, others dull. On account of the smaU amount of labour entailed in their 
preparation, they can be sold very cheap. The natives usnaliy sell them by tale (100) ; the Chinese 
merchants, by weight (the picul, or 133J lb., containing nine to twelve bundles) ; in India and the 
United Kingdom, they are sold by tale, and are imported hither in bundles of 100, worth from 
Is. Od. to 3s. 

On account of their lightness, fiexibility, length, and strength, canes are applied to a great many 
purposes in the countries where they grow. One variety, C. rudentum, is used in enormous quantities 
for cables, cordage, and fishing-lines, after being split and twisted. The splitting is performed longi- 
tudinally: the canes are then soaked, and attached to a wheel. One person turns this, while a 
second binds the split cane together, adding others to the length from a quantity carried round his 
waist. From the cordage thus made, bridges, hundreds of feet in length, are constructed ; over these, 
laden men, and even men on horseback, pass with ease. In China, houses and sheds are built of 
rattan, at a cost of about 5 dollars each. Much of the beautiful and elaborate basketwork of the 
Chinese and Japanese is from this source. Mats made from split cane are exported from China to 
all parts of the world. Very large quantities also are employed as thread, for sewing pieces of 
fabric together to form coverings for boats, carts, &c., as a substitute for tarpaulins ; and for joining 
the leaves of palms, constituting the roofs and sides of dwellings. Another very wide application 
of thin threads of the cane is for the bottoms of rice-sieves. The well-known broad-brimmed Chinese 
hats are made of the same material plaited. The applications to which canes are put in this 
country are scarcely less important and varied. For all large baskets, such as are used in cotton 
mills, sugar refineries, and most factories, as well as for those employed on railways, and by gar- 
deners, hucksters, coal-dealers, and washerwomen, canes have almost entirely replaced willow, 
buffalo hide, &c. They are unusually well adapted for making the baskets used in transporting 
carboys containing acids — forming an 
important branch of the basket-maker’s 
trade — as the silica contained in the 
outer bark serves as a protection 
against the acid, which is sure to be 
spilled on them sooner or later. The 
manufacture of balloon cars, rustic 
and garden chairs, lattice-work, meat- 
safes, and brooms, also consumes a 
large quantity. Bough matting also 
is made of rattan, and is sold at 28. to 
2s. 6d. the square yard. 

In Fig. 472, is seen a machine 
which is used for splitting rattans. 

One of its chief advantages is, that it 
produces from the centre of each cane 
a, a perfectly round and even rod c, of 
considerable value for making orna- 
mental window blinds, fancy baskets, 
chairs, &c. ; whereas with the old- 
fashioned method of hand splitting, this core is sacrificed, in order to obtain the strips of outer 
surface. The cane is carried past the hollow cutter by revolving feed rollers, other rollers being 
placed beyond the cutter, for drawing out the central core. The eutter is so constructed that it 
divides the cane at one passage into any desired number of strips h, at the same time removing the 
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central core c. The rate of feed is 1 50 ft. a minute ; by simply changing the cutter, the cane can 
be cut into strips of any desired width. A great improvement consists in the feed rollers being 
arranged to work horizontally ; the strips of cane as they leave the cutter are thus easily collected. 
The machine weighs about 7 cwt., requires only J horse-power, makes 200 revolutions a minute, and 
costs about 551. It is made by Messrs. Eansomes, of Chelsea, from the designs of Mr. John Fisher, 
of Mincing-lane and Singapore, who has secured patent rights for its application in the Straits 
Settlements, the headquarters of the export trade in canes. 

For making the seats of ctiairs and similar work, an industry which consumes probably half the 
rattans imported into this country, the selected canes should be long, of bright pale-yellow colour, 
small size, and not liable to break. All such as are dark coloured and snap short on bending 
should be rejected. Four pounds of rough rattan are required to yield one pound of strips for cane 
work. A large quantity of cane is now used, as a cheap substitute for whalebone, in umbrella and 
parasol ribs ; a set of cane ribs for the former costs only 2Jd. ; and for the latter, Jd. to Id. ; while 
whalebone amounts to 2s. 6d. or Ss. The siliceous exterior of the cane cannot be dyed ; but the 
cores used for ribs, as described, may be stained any colour. They are usually dyed black by log- 
wood and sulphate of iron. They range in size from that of a pin wire to the full dimensions of the 
cane. In saddlery and harness making, and in all kinds of wickerwork, rattans are now much 
employed. The helmets of the German army are made sword-proof by a lining of cane wicker- 
work. The lightness, strength, and cheapness of the material make it eminently fit for this purpose, 
and the idea is worthy of being copied in our own military and police forces. 

The waste produced in peeling the canes by hand, as is still done in Belgium, is known as crin 
vegetal, and is utilized as a fibre fur filling mattresses, for making mats, for ties and bands used in 
agriculture, and as a substitute for hay and straw packing. Mattresses stuffed with this substance 
are in great favour on the Continent, and are much used in the hospitals of Antwerp and other 
largo towns. They are always sweet and pleasant, and are sold wholesale at as little as id. to 8d. 
each. 

Large as the consumption of cane now is, it was only in the early part of this century that 
importation first took place, and it is but very recently that canes have formed any considerable 
item in the commerce of the country. A very large trade is now carried on with Western Europe 
and the United States, the principal centres of export being Batavia, Sarawak, Singapore, Penang, 
and Calcutta. Statistics concerning the production, exports, and imports of canes are very 
scattered and disjointed. In 1870, we received more than 24§ million rattans from Singapore, and 
8J millions from other places, besides about 6 million other canes and sticks, of the aggregate value 
of 83,8411. About 60,000 bundles of 100 each are annually imported into Liverpool alone. The 
estimated yearly consumption in Europe, the East, and America, is upwards of 25,000 tons. The 
export of cane matting from China to the United States alone is more than 10,000 rolls of 40 yards 
each per annum ; but these figures probably include other canes besides rattans. From Java are 
exported about 80,000 to 90,000 piculs, of 12 bundles each, a year. About half of these are imported 
by the Dutch Trading Company, and the remainder by private merchants. In 1875, the exports 
from Java were about 79,000 cwt., principally to Holland, the Channel for orders, and America. 
The ruling price was 12 to 14 florins (of Is. 8d. each) a picul (133g lb.). The quantity exported 
from Java, in 1876, was about 73,000 cwt. ; and the value of the rattans sent out of Borneo in the 
same year was 98541. The Java exports, from 1st July, 1876, to end June, 1877, were 41,184 
piculs; in the following twelve months they were reduced to 27,989 piculs ; viz. to Holland, 13,839; 
Channel, 10,606 ; America, 2337 ; Denmark, 400; China, 259 ; Port Said for orders, 194; Cadiz for 
orders, 157; Lisbon, 130 ; Australia, 49; France, 18. This reduction was owing to the depression 
in prices m Europe and America, which rule<l about as follows: — Padang, 13 fl. to 8 fl. a picul; 
Banjarmassing, 12 fl. to 10 fl. ; fine long kinds, 14 fl. to 15 fl. 

CAHpAMEIj, (Fb. and Ger., Oaramel.) 

This substance is formed by the application of heat to sugar, or to various materials containing 
sugar, such as inolasses, coffee, malt, &o. It is of a very dark-brown colour, and is quite tasteless ; 
it dissolves rapidly in water, to which it imparts a fine sepia tint. If it be required in small 
quantities, and in a perfectly pure state, it may be obtained by dissolving burnt sugar iu a small 
quantity of water, and precipitating with alcohol. On the commercial scale, it is most commonly 
prepared from brown “ moist ” sugar, which should contain as high a percentage as possible of 
saccharine matter. The sugar is placed in large circular shallow vessels, heated from beneath ; 
when melted, the impurities which rise to the surface are skimmed off. The whole is left for a 
short time to cool, and is then reheated, the operation of removing the floating impurities being 
continued until they cease to rise. While still hot, the sugar is ladled into tin cones, measuring 
about 9 in. in diameter at the top and 1 in. at the bottom. These cones are open at the lower end, 
but wires are stretched across to prevent the exit of the semi-fluid mass. Through these apertures, 
the molasses contained in the sugar is allowed to escape into vessels placed below to receive it. 
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The sugar thus freed from all impurities is left to become hard, and is then once more heated in 
large copper vessels. It is kept gently simmering for some time ; the heat is then suddenly raised, 
and the contents are allowed to boil rapidly for some minutes, during which time the conversion of 
the sugar into caramel is taking place, and the substance is acquiring its characteristic colour. 
When the operation is complete, the fire is suddenly withdrawn, and the contents are cooled as 
quickly as possible. 

Another method of preparing caramel is by heating molasses. The latter, in quantity about 
21 pints, is placed in a deep pan, and subjected to a strong heat; it is meanwhile continually 
stirred with a large wooden spatula, to prevent its burning on to the bottom of the pan. On heating, 
the molasses has a tendency to bubble up vigorously ; to correct this, about 10 grm. of virgin wax 
are added. When heat has been applied sufficiently long, as indicated by the odour of the liquid, 
and by its slight adhesion to the spatula, the pan is quickly taken off the fire, and into it is gradually 
and cautiously poured about 8 pints of water, previously heated to 60° (140° F.; or 80° (176° F.), 
with constant agitation. At the conclusion of this operation, the caramel is passed at once through 
a hair sieve. 

In France, sugar, which has been subjected sufficiently long to the temperature necessary to 
produce the desired tint, is dissolved in lime-water, and sold for colouring purposes. 

The principal use of caramel is for communicating a brown colour to wines, spirits, vinegar, &c. ; 
the greatest quantity is consumed in brandy making, for which it is invaluable, one gallon of good 
caramel being sufficient to brown 1000 to 1200 gallons of brandy. Porter also owes its dark colour 
to the presence of caramel. 

CASBON. (Fb. Carbone; Geb., Carbon.) Symbol, C.; atomic weight, 12. 

Abundant information as to the characters, occurrence, and combinations of this element are to 
be found in every handbook of chemistry. This article will be confined to a description of the 
artificial carbons emplo)'ed in electric lighting. 

The rods first used for the electric light were of wood charcoal, quenched in water or mercury ; 
they burnt with brilliancy and regularity, but too rapidly. Next, the carbon which is deposited 
in gas-retorts was employed; its chief faults are found to be want of homogeneity and purity, 
causing variations in brilliancy; liability to split; and hardness, entailing considerable cost 
for cutting it into “ pencils ” of the required size. With the sudden impetus given to electric 
lighting, much ingenuity has been devoted to the production of a more suitable carbon for this 
purpose. In some instances this has been attempted by purifying gas-retort carbon. The first 
plan of this kind was as follows ; — The retort carbon is fused with caustic potash or soda, and the 
carbon rods are digested in this bath at a red heat for fifteen minutes. In this way, the silica pre- 
sent is converted into a soluble silicate ; the rods are then washed in boiling water, and are sub- 
mitted for several hours to the action of chlorine at red heat, to change the earthy matters into 
volatile chloiides. These rods give a regular light, but the purification is costly and inefficient, 
h rom a number of experiments on retort carbons impregnated with different salts, it seems that 
potash and soda double the length of the voltaic arc, render it more silent, combine with the silica, 
and eliminate it from the carbons during the action of the current ; they also augment the light 
in the proportion of l'25to 1. Lime, magnesia, and strontia increase the light as 1"40 is to 1 ; 
iron and antimony, as 1’60 or 1-70; boracic acid is said to lengthen the durability of the carbons 
by coating them with a vitreous layer, but it does not increase the light. 

On the other hand, experiments have been made with a view to manufacturing a carbon from 
other sources. In one instance, it was endeavoured to imitate the process of formation of retort 
carbon with pure materials. Tars resulting from true distillation, therefore free from all non- 
volatile impurities, were decomposed in a tube of refractory earth in a furnace, and yielded plates 
of carbon which, when cut into “pencils,” gave a light that was steadier, whiter, and 25 per cent, 
more powerful than that obtained with ordinary carbons. The hardness of the material, however, 
entailed great cost for cutting, and caused much waste. Another plan consisted in mixing two parts 
of pulverized retort carbon, two parts of pulverized wood charcoal or coke, and one part of tar ; 
mixing the mass to a stiff paste, and subjecting it to great pressure. The moulded pieces were 
covered with a coating of syrup of sugar, placed beside each other in a vessel of retort carbon, and 
submitted to great heat for twenty or thirty hours. At an early date, a mixture of pulverized coke 
and sugar was proposed. To powdered coke, a small quantity of syrup was added, and the com- 
pound was pugged, moulded, and strongly pressed. Next it was heated moderately, thrust into a 
concentrated solution of sugar, and finally heated to whiteness. Curmer’s carbon consists of lamp- 
black, benzine, and oil of turpentine, calcined together, and moulded into cylinders of porous 
carbon, which is soaked with resins or saccharine matters, and again calcined. The objections to 
this are the high price of lampblack, and the difficulty of managing it. Peyret's carbon is 
prepared by soaking pieces of elder-tree pith, or other porous materials, in liquefied sugar, and 
decomposing the sugar by heat. By repeating this process, a dense carbon is obtained ; it is then 
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submitted to a current of carbon bisulphide vapour. In Archereau’s carbon, the addition of 
magnesia makes the light steadier and increases its power. Carre adopts the following mixture : — 
Coke powder, 15 parts ; calcined lampblack, 5 parts ; and a syrup (composed of 30 parts cane 
sugar, and 12 parts gum), 7 to 8 parts. The whole is thoroughly triturated, and receives an addi- 
tion of 1 to 3 parts of water to compensate for that lost by evaporation. The paste is pressed, and 
passed through a draw-plate. The carbons are next arranged in horizontal layers in a crucible, the 
lowest tier lying on a bed of coke dust, and the upper ones separated by paper to prevent 
adherence. Between the top and the cover of the crucible, is placed a stratum of coke dust ; and 
upon the joint of the cover, is spread sUiceoua sand. In this position, the carbons are strongly 
heated, and are then placed for two or three hours in a concentrated boiling syrup of cane sugar or 
caramel, two or three intervals of cooling being admitted, in order that atmospheric pressure may 
force the syrup into all the pores of the carbons. These are then allowed to drain by opening a 
tap in the bottom of the vessel ; after this, they are well washed with boiling water, to remove the 
sugar adhering to their surface. When dry, they are subjected te a second heating, and are passed 
through a repetition of the process till the requisite density is obtained. In many respects they 
resemble retort carbons, but are harder, more tenacious, and better conductors. 

Upon the introduction of foreign substances into the carbon rods, a number of experiments 
have been made. The materials chosen have been phosphate of lime, borate of lime, silicate of 
lime, chloride of calcium, phosphate of magnesia, borate of magnesia, magnesia, silicate of alumina, 
and pure precipitated silica, with the following observed results : — 

Phosphate of lime is completely decomposed, reduced calcium goes to the negative carbon, 
and in contact with the air it bums with a reddish flame. Lime and phosphoric acid are 
abundantly difiused in fumes. The light, as measured by a photometer, is double that produced 
by similar sized rods of retort carbon. 

Borate and silicate of lime, and chloride of calcium are all decomposed ; the boracic and silicic 
acids are volatilized, and escape electric action. The light does not equal that from phosphate of 
lime. 

Magnesia salts are decomposed ; the magnesium burns with a white flame, while the acids are 
vaporized. The light is less than from lime salts. 

Silicate of alumina, and alumina, require a very strong current to effect their decomposition, 
and burn with a blue flame of small illuminating power. 

Silica melts and volatilizes without undergoing decomposition. 

M. Gaudoin has proposed two distinct methods of preparing carbon for electric rods. According 
to the first, he decomposes by heat, organic matters capable of yielding pure carbon after decom- 
position, e. g. pitches, fats, &c. The decomposition is effected in closed retorts, or in graphite 
crucibles, at bright red heat. In the bottoms of the latter, are provided a tube for the liberation of 
volatile matters, and a second tube for feeding purposes. The gaseous products of decomposition 
are led into a condensing chamber, for recovery and utilization. The more or less compact carbon 
remaining in the retort is finely pulverized, and with it are mi.xed certain proportions of lampblack, 
and of the carbides of hydrogen previously produced by the decomposition process. These, being 
quite free from iron, are much superior to commercial hydrocarbons. Tlie draw-plate or moulding 
apparatus employed by Gaudoin differs from that commonly used, in the follow'ing important 
particulars. The carbon is made to issue horizontally, at a descending angle of about 50’, and is 
guided by tubes, and supported so that the mould can be emptied without interruption and the 
carbon does not break under its own weight. Gaudoin’s second plan is to take dried wood, shaped 
iu the form of the rod, and to carbonize it and soak it in carbonaceous liquids. The wood is then 
subjected to a slow distfllation process, in order to drive off the volatile matters ; it is then washed 
in acids or alkalies, to remove impurities j and is finally desiccated in a reducing atmosphere at 
very high temperature. The pores of the wood are closed by submitting it to the action of chloride 
of carbon and various hydrocarbons under heat. This process promises to afford carbons which 
will bum at a slow rate, and give a steady light. 

The advanlage derived from closing the pores of carbons has been further attested by the 
success of the Sawyer and Mann rods, which are prepared in the following manner ; — The carbon 
rod is immersed in olive oil until it has become thoroughly saturated ; while in this condition, it 
is included in a powerful electric current, the effect of which is to carbonize the oil in the pores 
and on the surface. Bods thus prepared are extremely hard, of steel grey colour on the surface, 
and give very constant light. 

Bad carbons are undoubtedly rendered more uniform conductors by covering them with a 
coating of metal. A great increase of light is also secured by a slight coating of metallic bismuth, 
or by saturating with a solution of nitrate of bismuth. It has been proposed to attain the same 
end by incorporating powdered copper or iron with the carbon ; also by inserting a wire core in 
the rod, and by winding a thin strip of metal around it. 

Bibliography.—' The Electric Light,’ Dr. Paget Higgs. (See Blacks ; Gems ; Graphite.) 
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CABBOSr BISULPHIDE, CABBONIC DISULPHIDE, SULPHOCABBONIC 
ACID, THIOCABBOHIC AjKTBTTDBIDE. (Fb., SiUfure de carhone, Acide sulfocarbonique ; 
Gee., Schmefelkohlenstoff.) CSj = 76: relative weight, 38. Sp. gr. at 0° (32° F.), 1'0272; at 
16° (60° F.), 1‘272; sp. gr. of the vapour at 16° (60° F.) (theoretical), 2-6296; (observed), 
2-6447 ; boiling point of the commercial article, 48° (about 118-4° F.), that of the pure substance 
43° (109-4° F.). 

Bisulphide of carbon is a colourless, heavy, very volatile liquid, possessing an acrid, ptmgent 
taste, high refractory powers, and a very powerful foetid, alliaceous odour, due to the presence of 
impurities in the unrefined product, but only giving off an ether-like smell when pure. It has 
been considered insoluble in water ; but this is not strictly true, as, by prolonged contact, water 
will dissolve it at ordinary temperatures, in the proportion of about part of the weight of 
water. It may be mixed in almost all proportions with alcohol, ether, benzine, and the fixed and 
volatile oils ; and it acts as a solvent of fats, oils, resins, indiarubber, sulphur, phosphorus, bromine, 
chlorine, iodine, camphor, &c. It cannot be solidified in vacuo except it be mixed with ether, and 
for its congelation, under ordinary conditions, a very low temperature is required ; it may, however, 
easily be frozen by directing a very strong current of dry air upon the surface of the liquid. By 
the evaporation which ensues, so much heat is rendered latent that the mercury of a thermometer, 
placed in the vessel during the operation, will not have descended to 32° F. before a coating of the 
frozen substance will have been formed on the sides of the vessel. The temperature then falls 
rapidly to 0° F., while a white mammillated mass rises to the surface. When the w-hole mass has 
solidified, the temperature rises again to 10° F., where it continues until melting supervenes. The 
bisulphide will remain solid for some time, and, while in this state, possesses a peculiar aromatic 
odour. It is highly inflammable ; its vapour when mixed with air takes fire, according to one 
authority, at about 149° (300° F.), exploding with great violence under some conditions; another 
authority asserts that, when mixed with hydrogen or carbonic oxide, it ignites below 216° 
(420° F.) ; it burns with a blue flame, giving rise to sulphurous and carbonic anhydrides. Further, 
it is deadly poisonous, inhalation of the vapour producing giddiness, vomiting, congestion, and 
finally coma. The pure liquid, exposed to sunlight for a considerable time, uniiergoes partial and 
gradual decomposition, turning yellow, and depositing an insoluble brown substance. Bisulphide 
of carbon is composed of 15-8 per cent, of carbon and 84-2 per cent, of sulphur, and is produced 
by passing the vapour of sulphur over charcoal kept at a red heat, or by distilling an intimate 
mixture of native metallic sulphides with charcoal or coke, the former being the only method 
employed commercially. Though not to be compared with sulphuric acid, for instance, as regards 
its importance among manufactures, it nevertheless takes a high place among chemical products, 
principally by reason of the fact that many substances formerly discarded as waste have, by its 
use, been made to render valuable returns. 

Manufacture . — The arrangement of the furnaces employed in making bisulphide of carbon varies 
considerably. According to a very general plan, they consist of four fireclay cylinders, each 
about 5 ft. 10 in. high, and 20 in. internal diameter, with a ring about 6 in. from the bottom, 
supporting an earthenware tray full of holes, which forms a grating. Each cylinder is furnished 
with three holes in the cover, the first for the introduction of the sulphur, the second for the escape 
of the gaseous bisulphide, the third and largest for the introduction of the charcoal. The opera- 
tion being conducted without intermission, three charges of charcoal per twenty-four hours are put 
into the cylinders, each of which is supplied at regular intervals of three minutes with charges of 
about lOJ oz. of coarsely pulverized charcoal, the four cylinders thus receiving, in the course of 
twenty-four hours, about 300 lb. of sulphur each, or a total of 1200 lb. The four cylinders are 
set perpendicularly in masonry, and heated by the flame of a single fire. A small porcelain tube 
about 2i in. diameter passes through the cover of each cylinder, aud also penetrates the false 
bottom, while it rises about 10 in. above the cover. A second opening in the cover admits the end 
of a bent tube, about 3J in. diameter, by which the gases make their escape to the coolers. Finally, 
tliC third opening, 6 in. diameter, is intended for the reception of the leg of a funnel each time 
charcoal has to be supplied to the cylinders. 

The cooling apparatus consists of about eighteen cylindrical vessels of sheet-iron or zinc, com- 
municating with each other. Each of these is about 26) in. diameter, bottomless, and with slotted 
sides, which plunge into a larger saucer containing water a httle deeper than the openings, so as 
to form a water-lute, permitting the passage of condensed liquids while closing the exit against 
gases or vapours. The false bottom of these vessels has two openings, which receive the bent 
siphon tubes forming the connection between the jars themselves, and between them and the 
cylinders. The sides of these vessels rise about 4 in. higher than the false bottom, forming a 
saucer, which is filled with cold water to assist in the cooling. Each group of four vessels is sup- 
plied with a cylindrical cavity at a lower level, to admit of a receptacle being placed in position for 
siphoning off the liquid bisulphide as it accumulates. The gases escaping from the four cylinders 
circulate, by means of tubes, into the eighteen coolers, and from the last of these, are carried 
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directly into the chimney of the works, or better, are first made to traverse “ scrubbers ” of 
pulverized lime in layers, for the purpose of retaining the hydrosulphmic acid gas, which would 
otherwise create a nuisance to the neighbourhood. 

The mode of operation is as follows The four cylinders are filled with charcoal and properly 
closed ; a fire is then made, and by it, the cylinders, and the chmeoal contained in them, are 
rendered of a clear red heat. Then, but not before, the introduction of the sulphur commences, it 
having been previously wrapped up in little cartridges. Two cartridges, forming a charge, are 
introduced into the tube conducting to the fahe bottom of each cylinder ; the upper end of the 
tube is then closed with a bung of clay enveloped in a covering of linen. The charges of sulphur 
are made every three minutes ; at the end of seven or eight hours, the charcoal, partially consumed 
by the sulphur vapour, must be renewed. The introduction of sulphur is suspended, and each 
cylinder in turn is filled with charcoal, by means of an iron funnel placed in the opening. This is 
then closed, and the firing is commenced and continued for about one and three-quarter hours, to 
reach the temperature required. The charge of charcoal is thus renewed three times in twenty- 
four hours. The liquefied sulphide may be drawn ofif at any time without suspending operations ; 
but advantage should be taken of each monthly stoppage to remove the sulphur which has formed 
in crystals in the first four coolers. 

Sometimes the cylinders are made of the same material as glass-house pots. These are glazed 
inside, by a mixture composed of 20 parts soda and 12 parts boracic acid. They last about six 
months, with care. 

At Swoszowice, in Galicia, the apparatus used for making bisulphide of carbon consists of 
perpendicular retorts walled into a furnace, provided at top with a cover pierced by two openings. 
Through one of the openings, a pipe, open at both ends, descends almost to the bottom of the 
retort, while the second opening communicates with a cooler. The retort, which is lined with fire- 
lumps, inside and out, is of cast iron, about IJ in. thick, and of an elliptical form, measuring about 
39 in. X 16 in. and about 6 ft. 6 in. high. Cast on the retort at the bottom, is an arm, provided with 
flanges, to which a tube is riveted, for the purpose of charging in the sulphur at the proper time, 
without any serious loss. A similar projection on the top of the retort is surmounted by another 
cast-iron tube, closed with a bung. From this, proceeds an inclined tube, for the passage of the 
vapours, fixed to an intermediate vessel of sheet iron, whose lower part, being supported by screw 
rods, may be removed and replaced at will. At the end of the inclined tube, is an opening, closed 
by a stopper, which may be made to intercept communication between the retort and a receiver. 
The cooler or condenser is composed of three intercommunicating cylindrical zinc vessels. The 
topmost carries an escape pipe. The condensed bisulphide is drawn off at pleasure by a tap. 
The three cylindrical vessels, as well as the tubes connecting them, are immersed in a water bath, 
capable of constantly receiving fresh supplies of water. The operations are conducted practically 
in the same way as with the apparatus previously described. The bisulphide formed always con- 
tains a certain quantity of sulphur, which has escaped the action of the carbon, and this sulphur, 
being less volatile than the bisulphide, condenses with a part of the solvent, and crystallizes in 
the receiver, which is specially intended to catch it, and from which it can be easily removed when 
the distillation is interrupted. 

The charges of sulphur are introduced during ten hours, from morning till evening ; the fire is 
fed during the night, in order to achieve the volatilization of the sulphur, and to leave the excess 
of charcoal bare towards the morning, when the communication with the cooler may be interrupted. 
The retort is now refilled with charcoal, the receiver is emptied of the sulphur which has collected, 
and is then replaced ; and, when the temperature has again reached a bright red, the sulphur is 
added little by little at the lateral opening. The product of bisulphide, per twenty-four hours, 
will be about 5 ewt., from the conversion of 177 lb. sulphur (605 lb. total charged, of which 77 lb. ■ 
recovered), and 90 lb. charcoal (out of a total of 212 lb. used). 

A second retort at these works measured 7 ft. 1 in. deep, and was elliptical in form, the greater 
axis being 1 ft. 4 in. diameter, and the smaller 3 ft. 2 in. This made about 10 cwt. of bisulphide 
per twenty-four hours; but its great size was found inconvenient, as the heating was rendered 
uneven and spasmodic, causing considerable waste of sulphur. When using unrefined sulphur, the 
retorts need cleaning every two weeks ; but with clean sulphur, they may safely run two months. 
This cleaning is a very troublesome operation, causing much loss of time and material, and exer- 
cising an injurious effect upon the workmen. The cast-iron retorts, when well built in, and 
thoroughly protected by fire-lumps, last about twenty-two weeks. 

Sidot has proved that temperature has a moat important bearing on the product of bisulphide 
of carbon. He experimented with 40 grms. sulphur aud 10 grms. purified charcoal, at three 
different temperatures, with the following results ; — 


1. Dull red heat 

2. Ked heat 

3. Bright red . . 


5 gr. charcoal gave 17 gr. bisulphide. 
6-3 „ „ „ 29 „ „ 

^ ^ », *, 19 „ „ 
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The figures show the extent to which the charcoal is consumed in each operation. They show 
incontestably that a red heat is the one best suited, and that great care should be taken to avoid 
exceeding it, especially as there is danger of the bisulphide becoming divided up again at a high 
temperature, the carbon being redeposited, and the liberated sulphur distilling over with the 
bisulphide. With every precaution, there is a certain escape of sulphur in this way, giving the 
bisulphide the yellow colour peculiar to its crude state, and necessitating a process of purification, 
to be described farther on. 

The very poisonous and inflammable characters of this substance render it one of the most 
dangerous chemical compounds, and necessitate the most rigid precautions in its manufacture, to 
prevent tlie least escape of the vapour. The inhalation of the vapour produces, on the workmen 
employed, symptoms of depression, weakness, and loss of memory, which is sometimes followed by 
coma. A solution of ferrous carbonate in carbonic acid water is found to be partially effectual in 
relieving these symptoms ; but attention must be devoted to prevention rather than cure, as besides 
the evil effect produced by tlie vapour, its escape represents a direct monetary loss. 

The crude bisulphide always contains a considerable proportion of sulphur — sometimes as much 
as 10 per cent., — besides various hydrogen compounds, formed, during the preparation of the 
substance, by the action of nascent Ijydrogen on it, and producing the peculiar disagreeable odour 
wliich characterizes it. This crude bisulphide has then to undergo purification, to fit it for the 
market At Swoszowice, recourse is had to simple distillation in a water bath, and condensing the 
distillate in an unusually long cooling worm ; the product is a colourless bisulphide, but it always 
retains some sulphur, and loses but little of its bad smell. Numerous plans are adopted for securing 
more perfect rectification. According to one method, it is first washed several times with distilled 
water, and then transferred to a retort containing quicklime. After twenty-four hours’ contact, the 
bisulphide is distilled off from the lime, and caught in a receiver, partially filled with copper 
turnings, previously roasted to remove all trace of fatty matter, and afterwards reduced by hydrogen. 
The lime remaining in the retort is strongly coloured by the impurities eliminated from the 
bisulphide, whose disagreeable smell will be found to have departed. Another way of performing 
the operation is to mix the bisulphide with Pb^NOj, and a small quantity of metallic lead ; when 
the salt turns dark, the liquid is transferred to another vessel with a fresh quantity of lead salt, 
and so on till the salt remains nearly white after contact with the liquid. The latter is then placed 
in a retort, and distilled over. Friedburg recommends the following process. The crude bisulphide 
is first distilled, then poured into fuming nitric acid, agitated, and left for twenty-four hours. The 
bisulphide becomes saturated with peroxide of nitrogen, and this solution, which is brown, remains 
unaltered for weeks. The addition of cold water causes the bisulphide to separate as a rose or 
violet-coloured liquid, which is distilled at 50°-60° (122°-140° F.}, again agitated with cold water, 
and, after another distillation, is perfectly pure. Other proposed means of purification are : — 
1. Agitation with mercury. 2. Agitation with 5 per cent, sublimate, and distillation with 2 per 
cent, colourless fat. 3. Distillation with soda hydrate solution chlorine in water, and solution 
chloride lime. 4. Distillation with solution chloride lime. 5. Several distillations with pnre oil, 
the oil extracting each time some of the impurities. 

An improvement in the method of constructing the retorts and furnaces employed in the manu- 
facture of bisulphide of carbon has been effected by S. H. Johnson. The object is to facilitate the 
replacement of the broken or burnt retorts, without the necessity of pulling down the furnace work, 
thus preventing the loss of heat usually sustained. This is attained, firstly, by employing a hori- 
zontal retort for the vaporization of the sulphur, in conjunction with a vertical one fur heating 
the charcoal ; and secondly, by forming the flues for heating the vertical retort in an iron 
cylinder, open at both ends, with its axis in the line of the axis of the retort. Inside this cylinder 
and concentric with it, a cylindrical lining of firebrick is constructed, leaving a space between it 
and the cylinder, fiUed with a suitable non-conducting material. At the sides and end of the 
furnace, are passages for conducting the products of combustion into the upper retort-chamber. 
Below this chamber, and between the flues, the horizontal retort is set. As this latter is not 
required to be very highly heated, the products of combustion do not come into contact with it, 
except at the end. It is set in a material which will not bum very hard, such as a mixture of fire- 
glay and ashes, so that when burnt out or broken, it may readily be drawn out from the front, 
without disturbing the brickwork of the furnace. Its mouth is closed by an iron cover. The retort 
chamber is constructed within a cylinder of iron plating ; the lining, which is exposed to the fire, 
is built up of firebrick, and between it and the iron cylinder is a backing of sand or ashes. The 
upper or vertical retort is set in this chamber, and communicates with the horizontal retort at its 
lower end. A joint is made between the two sections with fireclay, with which a little finely- 
ground glass may be mixed, to make it burn more soundly. The vertical retort is supported near 
its upper end by a number of radial firebricks, made for the purpose. On the side next the 
chimney, these bricks are set with narrow spaces between them, the spaces gradually increasing in 
size as the opposite side is approached. This is done with the object of rendering the draught 
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uniform. The vertical retort is furnished with a cylindrical iron head, which communicates with 
an ordinary condenser; the cover is made air-tight by means of a luting of whiting or other 
material. The sulphur is melted in a cast-iron pot, and is drawn off from the bottom by a pipe 
leading into the horizontal retort. The pot is set in amongst the fllhng material, and becomes 
sufficiently hot for the pirrpose intended. 

In the conduct of operations, the vertical retort is first charged with large pieces of wood 
charcoal, of the ordinary quality, made red hot. The retort is heated to a full red-heat, and the 
melted sulphur is allowed to flow into the lower retort, which is kept free from charcoal as much 
as possible. The sulphur vapour passes up among the red-hot charcoal, and forma bisulphide of 
carbon, which passes in a gaseous form to the coolers, and is there condensed. The cover is 
removed every few hours, the charcoal is poked down, and fresh red-hot charcoal is introduced. The 
lower cover is removed only at long intervals, to permit the clearing away of the accumulated 
charcoal ashes. When either retort breaks or becomes worn out, the furnace is allowed to cool, the 
upper retort is lifted out, and entirely removed if necessary, and the lower one is drawn out at the 
front, should it be required. The new retorts are introduced in the same way, and, for the purpose 
of making the joint between them, the cover is removed ; thus, on ’taking out only a few bricks of 
the lining — which are so placed as to come out readily — and some of the backing, free access 
is given to the interior of the retort chamber. By these arrangements, the cost of the repairs is 
very materially reduced, and the loss of heat, and consequent consumption of fuel in the manu- 
facture, is considerably lessened. 

Uses . — The uses to which bisulphide of carbon is or may be applied are both numerous and 
important. The extreme degree of cold required to freeze it imder ordinary conditions enables it to 
be used in thermometers for registering very low temperatures ; and this property may be utilized 
for the production of ice, by directing a rapid current of air upon the liquid, which will then 
solidify the water as well as itself. The great actinism of its light has attracted the attention of 
photographers, and a special lamp has been invented for burning it in conjunction with deutoxide of 
nitrogen, to obtain a flame peculiarly applicable to photography. It is used for making chloride of 
carbon COI4, for purifying paraffin by Alcan’s method, and for cleaning amorphous phosphorus. 
With perfectly pure bisulphide of carbon, the perfumes of the most delicate flowers have been 
separated, and even the odours of plants eaten by a cow have been recognized by treating her milk 
with it. For silver plating, a small quantity placed in the bath increases the brilliancy of the 
deposit. In the manufacture of yellow prussiate of potash, and of sulphocyanide of ammonium, it 
plays an important part. Its inflammable and explosive qualities are taken advantage of in 
making Phcenician fire, and a solution of phosphorus in bisulphide of carbon is employed for 
making matches, and for filling inflammatory rockets and shells. Its antiseptic properties admit of 
more than one useful application. Zoller has proved that, in an atmosphere containing a small 
quantity of bisulphide, animal and vegetable matters are effectually preserved against decomposition. 
A few drops will suffice, and, as it volatilizes at ordinary temperatures, no heat is required. 
Things may also be preserved for a very considerable time in closed vessels ; upon opening them, 
the smell of bisulphide is very evident, but it soon evaporates. About ii lb. of meat were perfectly 
preserved with 5 grms. of bisulphide for a period of four weeks, with the temperature never under 
20° (68° F.), and often reaching 30°-33° (86° to 91° F.), and no unpleasant flavour was to be 
discovered. As a destroyer of insects in grain, its efficacy is unrivalled ; not only does an ex- 
ceedingly small quantity of it suffice to kill evciy living insect in the room where it is used, but 
it even destroys the germs of life contained in larvm and eggs. In France, it has been used for 
years as a remedy against the Phylloxera, an insect that causes much destruction to the vines. It has 
been found that direct application of the preparation to the plants, while effective against the insects, 
causes the leaves to wither, though they remain on the branches. An ingenious remedy for this 
drawback is based upon the fact that, in treating oils with protochloride of sulphur in small propor- 
tions, they are transformed into a solid elastic condition resembling indiarubber, but transparent. 
If bisulphide of carbon be added at the same moment, it will be entrapped to the extent of 70 per 
cjnt , giving rise to a gelatinous substance having the appearance and consistence of quince jelly. 
This solid mass is difficult of ignition; it may be heated to 100° (212° F.) without giving a sign of 
fusion, and even at 160° (320° F.) forms only a black mass not easily inflammable. Though w% 
have no vines in this country, we have other crops which are equally in need of some protection 
against the ravages of insects, and there is good reason to suppose that the potato disease and 
similar scourges may be combated as efi’ectually as the phylloxera. Perhaps the greatest present 
demand for bisulphide of carbon is on account of its solvent powers. It is used by varnish 
makers ; a solution of wax in CS^ is employed for making wax paper, and a solution of indiarubber 
is used for a coating to maps. As a solvent of indiarubber, also, it is extensively used in the 
man^acture of vulcanized indiarubber ; but Poincare' has found the structural lesions occasioned 
by the ^adual action of the vapours of this compound on various animals so serious that, in 
his opinion, its use should be restricted to articles of real necessity. In extracting fat from 
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bones, it is not mnch employed ; and when used for removing grease from wool, the latter is left in 
a harsh and brittle condition, and of yellowish hue, due to the action of heat and bisulphide 
on the sulphurized constituents of the wool. The wool is not damaged by the bisulphide when 
applied in the cold ; but the residual bisulphide adhering to the wool must be cleaned off by a 
current of hot air, steam, or hot water, which is certain to do the wool more or less injury. These 
considerations, as well as the cost of the bisulphide, render it incapable of competing with benzine 
for this purpose. In the extraction of oils from seeds, however, it is very extensively used, especially 
on the Continent. Colza and linseed principally are the seeds acted upon. They are first crushed 
to express some of the oil, and then dried by beating, before being subjected to the bisulphide 
treatment. Analyses show the residues to contain only 2 per cent, of oil, and 7 per cent, of water, 
whilst the residues from the ordinary pressure process gave 9 per cent, of oil, and 15 per cent, of 
water. The oil is also much improved in quality, the residue is still valuable for feeding cattle ; and 
the workmen suffer no inconvenience. One works near Berlin, employing only six men, manufac- 
tures daily some 5600 Ih. of oil good enough for lubricating machinery, using daily 15,400 lb. of 
bisulphide of carbon, of which about 60 Ib. are lost. This loss of bisulphide, amounting to about 1 lb. 
for every 220 lb. of seed treated, is partly due to volatilization, and partly to its action on the metallic 
vessels. Copper vessels are rendered useless in a few years, iron less rapidly. 

Even more important, from an economical point of view, are the services rendered by this sub- 
stance in the recovery of valuable ingredients from what would otherwise be waste products. Thus, 
in the manufacture of fatty acids, brown compact deposits are produced ; these, mixed with sawdust, 
and treated with bisulphide, yield up to 20 per cent, of the acids, which would in another case be 
lost. Again, the dirty mass of metal dust, grease, &c., from car and waggon axles, is first treated 
with warm dilute sulphuric acid, then with bisulphide, and then washed and dried, which isolates 
the grease in a saponified state. The cotton waste used in machinery is easily freed from grease, 
leaving both in a fit condition for re-use. The residues from beeswax manufacture, which formerly 
were only worth about SI. per ton as manure, are now made to yield an excellent yellow wax by treat- 
ment with bisulphide. It is used for recovering oU from the refuse of cocoa manufacture. Bones 
treated with it at 40° (104° F.) yield 12 per cent, of grease, and are stiU fit for making animal 
charcoal. The cleanings of wool-cards, when acted upon by bisulphide, give about SO per cent, of 
fatty substances, useful for the production of soap. 

In Fig. 473, is seen a simple and inexpensive apparatus, in which bisulphide of carbon is used for 
dissolving out and extracting fatty matters from various waste substances ; its construction and 
arrangement are such that the escape of the bisulphide is rendered practically impossible, and when 
the solvent has been separated, by distillation or otherwise, it can be used over again. The liquid 
bisulphide is placed in a strong closed tank, a, situated above and connecting with the vessel b, where 
the greasy substance to be operated upon is placed, and held at a short distance off the bottom, by a 
perforated false bottom, 6*. When the tank a is charged with bisulphide, and the close vessel 6 is 
filled with the greasy substance to be treated, the opening 6' in the fixed cover must be secured, and 
it will only be necessary to open the tap c' on the pipe c, connecting the two vessels a and b, and the 
tap c’ on the cover of b (for the escape of the atmospheric air), when this latter vessel will become 
filled with the liquid bisulphide. It is found desirable to leave the two bodies in contact for about 
twenty minutes, so as to ensure the perfect extraction of the grease. A further quantity of the 
bisulphide is then run from a into b under the false bottom. The greasy bisulphide is then dis- 
charged at the top through the pipe d, provided with a tap d*, into another close vessel e, whose tap 
e' is first opened to allow the air to escape. When this vessel is nearly filled with the greasy 
bisulphide, the taps e' and d* are closed, and the tap d* opened. Steam is then admitted from the 
steam pipe/, by opening the tap/, into the closed coil of pipe /, with which the interior of the 
vessel e is fitted. The heat of this steam will volatilize the bisulphide, and when this operation has 
been continued for a sufficient time, it may be desirable to finish the distilling by means of the coil 
of perforated pipe /, situated near the bottom of the vessel e, into which steam is admitted by the 
tap /, and allowed to bubble up through the greasy liquid. By this means, the whole of the vola- 
tile bisulphide is driven off from the fixed greasy matters, and the vapour, being conducted by the 
pipe d’ to a condenser g above, is then reduced to a liquid state. It can then be run from the worm 
g' back again into the tank a for re-use. The greasy matters remaining at the bottom of the evapo- 
rating vessel e are then drawn off through a suitable pipe h for use. Taps, as at i, are for the 
purpose of drawing off and testing the liquid at various stages. All the vessels a, b, e, are provided 
with vertical glass gauges j, for the purpose of indicating the height of the liquid. Taps c* and e' 
allow of the escape of air, with which the vessels become filled during the operations, and which, 
if not liberated, would materially interfere with the efficient working of the apparatus. These 
several escape taps may be in connection with pipes, carried up through the building, for the 
purpose of leading away any noxious vapours. The vessels b and e are also provided with 
thermometers !■, and pressure gauges 1. In b, also, is a manhole 6', through which it is charged, 
and another manhole 6- at the lower part, through which the fibrous matters, when the grease 
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has been extracted from them, are removed from the vessel. Similar manholes are likewise 
provided in e. 

When the fibrous substances in h are freed from grease, the remaining bisulphide is driven off, 
by allowing steam from the steam pipe /* to be conducted by the branch steam-pipe tn into the 
upper part of b, as shown. If suflicieut pressure be used, the steam will force aU the liquid bisul- 

473 . 



phide through the fibrous mass in tlie vessel, and up a vertical pipe n*, the tap being opened for 
that purpose, and the two-way tap a® being tinned so as to direct the liquid bisulphide by the 
horizontal pipe to the still g', or, if desired, to the tank a through the two-way tap «». By this 
mode of working, the steaming may be finished at one operation, with great economy of time and 
material. In some cases, however, it will be found convenient to use a pump n, which will draw 
the liquid through the pipe n* from the space below the perforated plate h* (the tap n® being opened 
and the taps n®, closed), and will force it up the pipe n- into the tank a above. The steam 
admitted to the upper part of the vessel b through the pipe m will percolate through the fibrous 
mass, and drive the liquid bisulphide into the space below the perforated plate h*. 

Before the fibrons substance is removed from the vessel 6, an atmosphere of steam is driven 
through the mass from the perforated cod c. The bisulphide is volatilized by this means, and the 
vapour is conducted up the pipe p to the condensing vessel g, where it is reduced to a liquid state, 
and may then be run back again into the tank a. A small closed tank r is provided between the 
extractor 6 and the pump n, into which the bisulphide may be allowed to flow through the tap n? in 
case of accident to the extractor or pump. A draw-off tap n* is provided at the bottom of the 
vertical pipe to empty it previous to taking the pump to pieces for inspection or repair. It will 
be seen that the pipe p communicates with the worm g' of the condenser, and that both it and the 
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pipe (f are provided with a tap, for closing communication with the worm when required. The 
biwilphide may thus be used over and over again, and a large quantity of material be thoroughly 
cleansed from grease with very little waste of bisulphide, as none of the vessels are opened 
while there are any signs of the bisulphide being present. A running-off tap q is adapted to the 
bottom of the vessel b, for the purpose of letting out water or other liquid, used from time to 
time for cleansing the vessel. The tank a is provided with an overflow pipe, for withdrawing any 
excess of water resulting from the condensation of the steam used in vaporizing the bisulphide, and 
for blowing off the air which enters the apparatus during the operation of charging. 

In the extraction of bitumen from schists, about 5 per cent, more product is obtained by treating 
with bisulphide of carbon than by the destructive distillation process, which, besides being very 
expensive, only yields about 8 per cent, altogether. For this purpose, the bisulphide is largely 
used in Galicia. In the same country, it is employed for extracting sulphur from a gypseous earth 
containing about 14 J per cent, of that mineral, with a loss of only about 1 '66 per cent, of bisulphide. 
It is essential that the sulphur earth to be treated shall be perfectly dry, or the bisulphide cannot 
perform its duty. 

The very low boiling point of bisulphide of carbon has caused engineers to turn their attention 
towards using it as a motive power. The Ellis bisidphide auxiliary for reducing the consumption 
of fuel for steam engines, is already well known in America at least. It can be fitted to all systems 
of steam engines, whether expanding or no, and requires no essential alteration in the construction ; 
but lubrication must be effected with water, as grease would be dissolved. Our American cousins 
have gone yet another step in advance. Glycerine has no affinity fur bisulphide of carbon, and is 
capable of mechanical evaporation in the presence of its vapour ; it is a much better conductor of 
heat than water, aud is capable of being heated to a certain degree with a less proportion of fuel, 
also of storing up caloric. When heated in a metal vessel, it becomes thin, and spreads over the 
surface, forming a protection aud lubricator. The bisulphide is easily evaporated to a dense vapour, 
the latent heat absorbed for vaporization being about 280° F., that of steam about 1000° F., or a 
saving of 71 per cent, in the fuel. To utilize these substances in the creation of motive power, 
the apparatus shown in Fig. 474 has been constructed : A is a boiler ; B, a condenser ; C, a force- 
pump : D, a feeder ; and E, the cylinder of an ordinary engine. To produce power, the beiler A 
is filled with glycerine, and heated 
to a temperature of 43°-2(J0° 

(110°-500° F.) ; the valve 6 is 
opened, aud a small quantity of 
bisulphide is run from D, through 
a perforated pipe a, into the boiler, 
and is thus brought into contact 
with the heated glycerine G, pro- 
ducing a pressure of vapour corre- 
sponding with the amount of bi- 
sulphide allowed to enter. The 
engine is now started by opening 
the inlet valve on the supply pipe 
c, and the vapour, after impart- 
ing its force in the cylinder, is 
discharged into the exhaust pipe d, which proceeds direct to the condenser B, when it passes through 
a series of worms, cooled by water flowing into the cistern e by the valve /, and out by the overflow 
g, and is thus condensed again into a liquid form, run down into the receiver A, and stored for 
future use. To regulate the flow of bisulphide so as to obtain a uniform quantity, the receiver h is 
connected by a double pipe ij with the force-pump C, and by the pipe k with the feeder D, so that 
the latter vessel, which holds a quantity of the material, is supplied as required, and regulates a 
steady flow by the valve b, independent of the action of the pump. To ascertain the contents of 
the feeder and receiver, two glass gauges are fixed at I, m. At n is a gauge for indicating the 
amount of vacuum produced by the condenser, and therefore useful to determine the necessary 
quantity of water by the inflowing valve /. The feeder D has a valve p and a pipe o at its upper 
part, direct to the top of the evaporator or boiler, so as to equalize the pressure and flow of the 
liquid bisulphide by the valve 6, as before explained. To ensure against any loss of material 
through accidental excess of pressure, a safety valve is connected by a branch pipe s to the 
exhaust pipe d, the excess being then saved by passing direct to the condenser. The presence 
of air would partially prevent the condensation of the bisulphide, and cause a back pressure 
instead of a vacuum ; therefore, before running in the bisulphide by the funnel v, or on starting 
for the first time, the air is exhausted as far as possible, by working the pump C by hand, 
closing the circuit by valves b, p, and opening t. During evaporation, the small portion of glycerine 
forced from the bulk proceeds with the vapour through all the pipes, &c., to the cylinder by which 
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the power is utilized, and their gravity being nearly the same, the liquid bisulphide does not sink 
down or come in contact with the metal of the boiler, but is discharged as vapour from the 8ur^|ce 
of the bath of glycerine. This vapour may be utilized by any kind of engine, and may be led by 
the exhaust pipe direct to the condenser, for the purpose of extracting the latent and sensible heat, 
reconverting it for re-use. 

StatisUcs and Cost of Manufacture, 4'C- — The principal seats of the manufacture of bisulphide 
of carbon in England are London (2), Ironbridge, and Manchester (1 each). Paris possesses 2 large 
works ; Bordeaux, 1 ; and Marseilles, 3. There are several manufactories in Germany ; and, in the 
Austrian dominions, 1 (in Galicia). 

Though not exactly a newly established manufacture, it has only attained its present growth 
within recent times. It is constantly increasing, and will doubtless continue to do so, the more so 
as the valuable properties of the substance become generally known and appreciated. It is in the 
hands of a few who have made it a special study ; there are probably not twenty manufactories of 
it in the whole world. 

The capital required to carry on the manufacture is comparatively small, the great essential 
being sldlful and careful management. The cost of production, as stated by Payen, is as 


follows : — 

£ s. d. 

Sulphur, 2200 lb 8 6 8 

Charcoal, 10 sacks (6601b.) 1 13 4 

Labour — 1 men by day and 4 by night, with 2 to pound the sulphur I 16 8 
„ 4 children preparing the paper and 4 filling cartridges 0 10 0 

Fuel — coke no bushels at 4d. per bushel 200 

Cost of rectifying, cleaning, interruptions, and interest 113 4 


16 0 0 

Deduct sulphur recovered, 330 lb 15 0 


Nett cost of about 15J cwt. of bisulphide of carbon 14 15 0 

Sells at 16 5 0 


Profit 10 0 


The differences between the theoretical and practical production are as follows 

1. Charcoal; 17601b. of bisulphide obtained = about 2781b. carbon; the 6601b. of wood 
charcoal (excepting moisture and impurities) would represent a loss of 387 lb., or more than 50 
per cent. 

2. Sulphur; 17601b. of bisulphide = 14821b. sulphur + 3301b. recovered = 18121b. • then 
the loss on 2200 Ib. employed would be 388 lb., or 17| per cent. 

According to E. van Haecht, the cost of three days’ working is ;— 


Sulphur, 4189 lb. 

Labour 

Coke 


£ s. d. 
12 7 0 
2 0 0 
14 0 


Wood charcoal 
Wear and tear 


£ s. d. 
1 18 0 
0 17 0 

lTs 6 0 


The commercial value of the refined product, containing about -001 to -005 of impurities prin- 
ci^pally an alhaceous oil varies between about 201. and 251. a ton, according to the fiuctuations in 

1 rare:ii"n^^^^^ 

The quantity of bisulphide produced in the United Kingdom probably does not exceed about 

tran T r" ’T"”' /V" exported in any appreciable quantity. It is 

transported m drums of sheet iron, or smalt metallic canisters, of any desired size, which are closed 
by screw stoppers fitting with absolute exactness, so as to prevent any possibility of the vapour 
• ^ tfiis way, it may be sent any distance without danger. The chief consnmers^are 

in larubber manufacturers and sulphur refiners, besides oil and fat refiners. The retail trade 
IS vary i.mi ed, and passes almost entirely through the hands of chemists and drug^ts 
(See Indiarubber Manufactures ; Oils; Sulphur.) 

CATGUT. <Jt^., Corde de hoyau ; Katzendarm, Darmsaite.') 

rally tLs'e™ substances prepared from animal intestines, gene- 

meLds of nretZ;r I of the cat. Twt 

strips of membrane "irthrf ’ whether it is desired to produce twisted cord, or flat 

ps membrane. In the former case, the first stage in the operation is the thorough cteansing 



CATGUT. 


609 


of the intestines from the adherent feeulent and fatty matters, after which the small ends are tied 
together, and placed oyer the edge of a tub, while their major portion is left for two days to soak in 
w^r, which is constantly changed. In this way, the peritoneal and mucous membranes are 
loosened. The bundle of intestines is then laid on a sloping board overhanging the tub, and their 
surface is scraped by a square steel edge, the external membrane being removed in breadths of 
about half the circumference of the intestine. This membn^e, which the French call filandre, and 
which is employed for the cords of battledores and rackets, and also as a thread for sewing the 
ends of intestines together, cannot be removed by beginning at the large end. The scraped intes- 
tines are then steeped for one night in clean water, and next day are again scraped with a rounded 
edge ; this process is called “ curing.” The large ends are now cut oflF, salted, and stored in 
covered tubs for sale to the sausage-makers. The small parts are again steeped for one night 
in fresh water, and next day are treated with an alkaline mixture, consisting of 4 oz. potash, 4 oz. 
carbonate potash, and 3 to 4 gall, water. After this, they are distributed to a number of women, 
each having two basins of the alkaline solution before her, and are drawn through a perforated 
brass thimble, pressed against the edge, for the purpose of rendering them smooth and equal. 
They are thus passed from one to the other of the two basins several times, and are then assorted 
according to their sizes. 

In order to produce a cord — known as “ whipcord ” — from these intestines, they are sewn together 
by means of the filandre before mentioned, the joints being cut aslant to make them smoother and 
stronger. A number of these cords are then put into wooden frames, whose two uprights are fur- 
nished with a series of holes, containing pegs for securing the ends of the cords, and for passing the 
lengths round. The spinner attaches the end of one of the cords to the hook of a little whirling 
apparatus, similar to but smaller than the whirl of the rope-maker, which he causes to rotate rapidly 
by means of a handle. This puts a twist into the cord, and somewhat diminishes its length ; the 
twist is retained by pegging the cord on to the frame. The others are then treated in this way, 
and when all are completed, the frames are piled up horizontally in a small close chamber lined with 
thin sheet lead, where they are subjected to the fumes of burning sulphur. This process is called 
“ bleaching,” but that is a misnomer, as the alkaline solution has already whitened the gut ; the real 
object of the sulphuring is to prevent the putrefaction of any animal matter which may still be 
accidentally adhering. The cord may now be dyed black with common ink, or red with red ink, or 
green, taking the dye readily. The twist being completed, the cords are nicely smoothed, and then 
placed for an hour or so in a hot room — 82°-93°(180°-200° F.) — which fixes and consolidates them. 
Lastly, they are cut off the frames and twisted into cords for sale. 

The so-called “ hatters’ cords,” for bowstrings, used in one of the stages of hat-making, are 
made of the longest and largest sheep guts, which, after being properly smoothed and cleaned with 
the alkaline solution, are twisted in lengths, 4, 6, 8, 10, or 12 together, according to the intended 
size of the cord, which is usually about 12 ft. long. This cord must be free from lumps and knots ; 
when half dry, it is sulphured twice, and after each operation, is well stretched, twisted, and 
smoothed, and finally dried in a state of tension. 

Clock-makers’ cord must be very thin, strong, and durable, on which account it is made from 
very small intestines, or from larger ones slit up in the direction of their length, by a couple of razor 
blades fitted into a ball of wood, which serves as a guide. The wet gut, being drawn over the ball, 
is divided, and the two sections, if properly directed by the workman, fall into a basin beneath. 
This operation is one of considerable delicacy ; but when well performed, the gut is divided, with 
great rapidity, into strips of perfect regularity. A number of these strips are twisted together, 
and treated as already described. 

In France, a very strong cord is prepared from the intestines of the horse, ass, and mule. The 
gut, having been scraped, is divided into four equal parts, by skilfully drawing it over a fixed knob 
containing four sharp edges, or two semicircular blades arranged at right angles. Four, six, or 
eight of these strips are tied at the end with pack-thread, then twisted together, and polished 
with dog skin. The cord thus made is employed, as a substitute for leather belting, on light 
machinery. 

The cords intended for the strings of musical instruments — violin, harp, guitar, &o.— require tlie 
greatest care in their preparation. The first scraping must be performed with great skill. A little 
alum is added to the alkaline solutions, which are made progressively stronger each day for four or 
five days till the membranes are well bleached and swollen. They are then passed several times 
through tlie thimble, spun, sulphured, polished by friction between horse-hair cords, and dried in 
the hot room. The best violin strings come from Naples and Milan, and are known as “ Eoman 
strings ” ; other Italian towns, where the industry is carried on, being Venice, Gubbio, Foligno, 
Bologna, Vicenza, Padua, Verona, and Bsssano. Italy once enjoyed a monopoly of the manufac- 
ture, and, though strings are also made at Neu Kirsch, inVoigtland, in Bohemia, in the Tyrol, 
in Lyons, &c., the Italian strings still retain a superiority over all others. They are as clear and 
transparent as glass ; but their chief distinctive features are combined elasticity and strength. 
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This is due to the leanness of the sheep, so that probably the Welsh, Highland, and South 
Down breeds of this country would give better strings than the Lincoln sheep. Emaci||M 
carcases would also probably yield good strings. 

About three-fourths of the whole quantity of catgut consumed iu Europe is said to be derived 
from Italy. The best and largest bass-viol strings, and a very considerable proportion of the guitar 
strings, are made in Germany. 

The manufacture of cord from the intestines of animals, for use in bows, and other weapons of 
war or the chase, has been practised from the earliest times ; and its employment iu musical instru- 
ments also dates from remote antiquity. 

Until recently, no industry was more disgusting than that of gut-making, on account of the 
putrefactive odours generated by the steeping of the intestines ; but the use of carbolic acid, and 
other deodorizers, in the liquors now prevents all smell, without in any way affecting the value of 
the product. 

Silkworm-gut. — “ Sdkworm-gut,” so-called, is the fine, strong fibre universally employed by 
anglers for attaching their hooks. It isobtained fiom sdkworms, by taking them before they begin 
to spin, and very carefully pulling them asunder; the glutinous silk, contained in the sericteria or 
silk-glands, is then drawn into a single thread of variable length, from 1 J to 3 ft. ; it is then gently 
dried. We annually import small quantities of it, chiefly from It.ily. Hitherto, silkwonns only 
have been employed for the purpose; but a plan has been set on foot to utilize the caterpillars 
which infest food plants. It is to be hoped that it will prove a practical success, as if the gut can 
be produced in long pieces, and at a moderate price, it will find numerous applications. 

CELLULOID, PARKESINE, or XYLONITE. (Fr. and Ger , Celluloid.) 

“ Celluloid ” is decidedly the most convenient name for this product, as it is the one in general 
use. It consists virtually of vegetable fibre, treated with a mixture of nitric and sulphuric acids, 
and which, for want of a better term, may be called “ pyroxyline,” though it is not identical with 
that compound ; this is dissolved in a suitable solvent, and afterwards dried. The product is a 
light yellowish-brown coloured body, which can be carved, planed, turned, sawn, stamped, or 
polished, and made either opaque or transparent. It may be made as hard as ivory, which it 
closely resembles, but is always elastic, and may be moulded into any form. It can be spread on 
textile fabrics, &c., and, by placing different coloured layers alternately, and rolling them together 
while in a plastic condition, any desired marbled or granular effects may be produced. It is easily 
coloured any tint, and, as the colour permeates the whole mass, it is ineffaceable. It is plastic 
and malleable at 125° (257° F.), and decomposes suddenly, without taking fire, but with evolution 
of reddish fumes, at 140° (284° F.). It is non-explosive, and bums only when in direct contact 
with a flame. When pure, it is inodorous, and docs not become electric by friction. An important 
property is that it can be united by means of its own solvent or cement ; and no waste is entailed 
in its use, as all scraps can be worked up again. 

The manufacture may be divided into two distinct stages: 1. The production of the so-called 
“ pyroxyline ” ; 2. The treatment of this compound with solvents, in order to make it plastic, 
and give it other desired qualities. The first stage of the process suffers but little variation. A 
convenient quantity of cellulose or woody fibre, such as disintegrated cotton waste, paper, &c., is 
fed into an open vessel called a “ converter,” and treated with an acid mixture composed of 1 part 
of nitric acid, sp. gr. 1-420 and 4 to 5 parts of sulphuric acid, sp. gr. 1-845, mixed in a separate 
vessel, and kept as cool as possible. The acid mixture is pumped or forced up into the converter, 
while the fibrous substance, previously placed in a hopper over the converter, falls gradually into it 
by an opening in the top. The charging of the cotton into the converter occupies about ten minutes, 
and at the end of twenty to thirty minutes at most, it is chemically converted into the so-called 
pyroxyline, or nitro-cellulose. This, together with the excess of acids adhering, is then allowed to 
fall through an opening in the bottom of the converter, and is caught in a large box provided 
with a false bottom of perforated iron, or wire gauze, at about 6 in. above the real bottom. On 
this, the wet mass remains for an hour, to admit of the excess of acids draining away as far as 
possible ; the still remaining impregnations of acid are then expressed by placing the pyroxyline 
iu a cylinder with a perforated bottom, and subjecting it to hydraulic pressure. The result is a 
hard cylinder of pyroxyline, containing about 5 to 20 per cent, of the acid mixture, in which state it 
is stored for future use. When required, the cylinders of pyroxyline are torn into dust by special 
machinery, such as that employed for grinding paper pulp, and the disintegrated mass falls into a 
large tank, where it is well washed with water, to remove the last traces of acid. It is then again 
placed in the cylinders with perforated bottoms, and pressed to remove the water, leaving in only 
5 to 20 per cent. The solid cylinders of soluble pyroxyline are again broken up in the disintegrating 
machine, preparatory for the treatment with solvents, which forms the second stage of the manu- 
facture. 

This is performed in a variety of ways, chiefly according to the ulterior applications for which 
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the prodnct is intended, and differing less in the apparatus employed than in the ingredients and 
proportions of the dissolving agents. 

^)ne of the first solvents employed on a large scale was wood naphtha, distilhid with chloride of 
lime, in the proportion of 1 gallon of the naphtha to 2 to 6 lb. of fused chloride ; the more of the 
latter used within these limits, the stronger will the solvent be. The first 3 quarts of the distillate 
are collected for use ; the remainder is caught in a separate vessel so long as any spirit comes over, 
and is distilled again at the next operation with more fresh materials. The deposit remaining 
behind in the still is chloride of lime, dissolved in water, and contaminated with some tarry matter. 
It is run into an open iron vessel, heated by a fire beneath, to evaporate away the water, and fuse the 
chloride of lime ready for re-use. 

The solvent thus prepared is applied to the pyroxyline, in such proportions as to make a pasty 
mass ; but if used alone, the resulting celluloid would soon become hard and brittle. To avoid this, 
a certain quantity of oil is added to the mass, and kneaded up with it in the mixing machine. 
The proportion of oil will vary with the desired degree of toughness. To produce a consistency 
suitable for coating telegraph wires, or for spreading on textile fabrics, the proportion of oil may 
equal half the weight of the pyroxyline. If the oil used be first treated with chloride of sulphur, 
the compoimd is much more elastic. It is thus treated by mixing with 2 to 10 per cent, of liquid 
chloride of sulphur, according to the degree of elasticity required ; but the chloride of sulphur 
should first be diluted with an equal bulk or more of mineral naphtha, or bisulphide of carbon, 
to prevent too violent action. The prepared oil is compounded with the dissolved pyroxyline, in 
various proportions, but seldom exceeds 20 per cent. 

To increase the hardness and modify the colour of the product, sometimes a small portion of 
gum or resin, such as shellac or copal, is addetl, but seldom more than 5 per cent. The wood 
naphtha may be replaced by alcohol, and the chloride of lime by chloride of zinc, or manganese 
fused or dry. For economy sake, a small quantity of light spirits from coal may be mixed with the 
solvent, but it is not preferable. For the oil, may be substituted gum ballata, treated with 
chloride of sulphur— usually not more than 5 per cent, of the chloride. The combustibility of 
celluloid thus made may be corrected by the addition of chloride of zinc, or tungstate of soda. Ten 
per cent, of either effectually prevents burning ; but usually much less will do, especially when 
pigments are used. The same end is attained by employing iodide of cadmium, oxalate of zinc or 
manganese, or gelatine dissolved in glacial acetic acid. 

A practical difiSculty attending the use of the above process is that the solvents employed are so 
volatile. Large masses of celluloid may be prepared better, quicker, and with less consumption of 
solvent by adopting nitro-benzol, aniline, or glacial acetic acid, and the celluloid may then be 
worked in the open air. The ordinary volatile solvents are improved by the addition of camphor. 

When using nitro-benzol, the commercial article should be distilled off hydrochloric acid or 
chloride of lime, say 6 lb. of either to 1 gall, of nitro-benzol, which is thus rendered purer and 
sweeter. One hundred parts of pyroxyline are then moistened with ordinary solvent — preferably 
naphtha distilled off chloride of lime — and the excess of solvent is removed by hydraulic pressure. 
The other solvent is then added, in the proportion of 10-50 parts of prepared nitro-benzol or aniline, 
together with 10 to 50 parts of camphor, and 150 to 200 parts of oil, preferably cotton-seed or castor. 
This mixture is formed between rolls, heated by steam being admitted into them, till the whole 
forms a well-combined dough or paste, which will be more or less stiff, according to the quantity of 
solvent used. For a hard compound, the oil should be less than the pyroxyline ; for a soft one, it 
should exceed the latter— say, 150-200 oil to 100 pyroxyline. In making celluloid with glacial 
acetic acid, 100 parts of pyroxyline are dissolved in 50 parts of the acid, for a stiff paste ; or 100 
to 300 or more parts, for a semi-fiuid consistency. 

Usually the pyroxyline requires to be dried before dissolving it. The conduct of this operation 
on large quantities requires much care and time, and a very large space 
of drying room, so that great advantages, on the score of cost, ease, and 
safety, are to be derived from dissolving it in a moist state. For this 
purpose, the pyroxyline is prepared in the usual way, and when rendered 
soluble by the addition of hydrocarbon solvents, it is taken out of the 
acids and placed in a hydraulic machine, by which as much as possible 
of the acid is expressed. The cake of pyroxyline is then taken out of 
the press, opened out, put into a centrifugal washing machine, and 
washed with water until clean : then the rotation of the machine is con- 
tinued, to throw out the surplus water. Or the pyroxyline, after con- 
version, may be placed in the centrifugal machine, and there deprived of 
the acids, and, without removal, be thoroughly washed, by admitting a 
copious supply of water, the operation occupying from a few minutes to an hour. When the 
pyroxyline does not contain more than 5 to 10 per cent of water, it is dry enough for solution in 
naphtha, &c. 
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Anotlier improvement consists in mixing the pyroxyline and solvent, and combining the solution 
-with oils and other matters, in a cylindrical vessel provided with a strainer or filter at the lower end, 
through which the^iaterials are made to pass when suificiently mixed and dissolved. Fig. f75 
shows a side view, partly in section, of such a vessel. A strong cylindrical vessel a is mounted on 
wheels b suitable for running on a light tramway, and fitted with a metallic bottom a' perforated 
with small holes and covered with fine wire gauze. The moist pyroxyline is first mixed roughly 
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with the solvent and other liquid with 
which it is compounded, and the whole is 
placed in a. When there, the materials 
are thoroughly mixed and beaten together, 
by means of a mechanical beater; this 
being completed, the mixing vessel is run 
press shown in side view in 
i r enf ^ of " f'ich is a fi ame 6', and with in 

into receiving can c. When the ram rises, it receives the lower end of the mixing vessel d 

dorunrn“tr ? ““es 

the imnurit PS ““terial m the former, and forces the whole of its contents, with the exception of 
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Fig. 477 is a side view of another mixing apparatus ; — a a is the frame of the apparatus ; on it 
is-mounted the axis b, which receives motion from a driving strap ; 5' is a bevelled wheel, driving 
two bevelled pinions c and rf, mounted ou tubular axes, turning in bearings on the frame. Within 
the axis of the wheel c, is another tubular axis e, caused to revolve with it by means of a groove and 
feather, and able to slide up and down vertically, through the axis of the wheel c ; e' e' is a flame 
of beating bars fixed at the lower end of the axis e, and rotating with it ; / is another axis passing in 
a similar way tlirough the axis c, turning within it, and capable of sliding up and down within it ; 
this axis passes down through the axis e, and carries, at its lower end, the frame of beating bars 
which bars pass between the bars of the other frame e' as they revolve in opposite directions. The 
axes e and / are raised and lowered, so as to lift them out of the mixing vessel, or lower them down 
into it, by means of the hand wheel g mounted on the axis g’ ; 3 " is a spur wheel at the upper end 
of the axis g' ; it drives another wheel h, mounted on a hollow axis carried by the frame. This axis 
has a screw thread cut in it corresponding with the screw 1 , which works within it ; the lower end 
of the screw embraces the head of the axis / so as to cause it to rise and fall with it, but at the same 
time allowing it to rotate freely. In a similar way, the axis e at its upper end is made to embrace a 
collar on the axis /, so that when the screw i rises or falls, the axes e and / with tlie beating frames 
upon them go with it. This machine is also very useful in mixing castor or other oil with chloride 
of sulphur, to produce a compound to be afterwards mixed with the preparation of pyroxyline. 

According to another plan, the pyroxyline, having been dissolved and mixed with the other 
ingredients, is kneaded, and the excess of solvent and moisture is evaporated in an apparatus of the 
following description. The mixture is put into a box provided with an air-tight cover, and 
containing a pair of rollers, wliich receive a rotary motion by suitable gearing on the out- 
side. The axles of the rollers enter the end of the box by air-tight joints ; they are hollow, 
and are arranged to admit of the passage of steam or other fluiil for heating the rollers. To this box 
or vessel there is a pipe attached, to convey off the vapour of the solvent. In order to induce the 
passage of vapour from tlie box, a fan or exhausting apparatus is applied, which keeps up a partial 
vacuum, not only in the bo.x, but also in the reservoirs containing the solvent, and in other parts of the 
apparatus connected with it. The vapour passing off from the box is first conveyed into a chamber 
in which there is a perforated partition, whereon chloride of calcium is placed ; through this the 
vapour rises, and any water is thus separated from the vapour of the solvent, which passes away 
from the c} Under to a condenser. The vapour of the solvent, on being coadeused, passes into a 
reservoir. 

Fig. 478 is a plan. Fig. 479 a transverse section, and Fig. 480 a front view of the kneading 
apparatus : — a is the frame ; on it is mounted a hopper 6, into which the material is placed as 
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it comes from the press ; at the bottom of the hopper is a valve V, which can be opened by hand 
when desired, to allow material to descend from the hopper to the rollers c and rf, which are made 
hollow and heated with steam internally ; the roller c is driven by the spur wheels o' and c", the 
latter of which is fixed on a main driving shaft ; c'" is a pinion at the further end of the roller c ; it 
gears with a pinion rf' of larger size on the end of the roller rf, so that the rollers c and rf are driven 
at different speeds, and have consequently a grinding action on the material passed between them ; 
e is a casing surrounding the rollers ; it is furnished with suitable doors, and is glazed at e' e, so 
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that the workman may readily see what is going on within; e"e"are apertures furnish^ with 
sleeves to allow the workman to introduce his arms within the casing e without causing any 
material escape of solvent vapour ; // is a collecting knife, set up to the surface of the roller c by 
the adjusting screws The 4?9. 

workman continually takes the 
material as it collects behind 
this knife, and passes it again 
between the rollers ; he also 
collects the material from the 
table g beneath the rollers, and 
passes it repeatedly through the 
rollers, until it is thoroughly 
blended, and the solvent is suf- 
ficiently evaporated to bring it 
to the required consistence ; h 
is a pipe leading from the top 
and bottom of the casing, to 
conduct away any solvent or 
vapour of solvent which escapes 
from the mixture, to a cylinder 
containing chloride of calcium, 
and thence to a condensing ap- 
paratus. A fan maintains a 
partial vacuum in the casing, 
drying cylinder, and condenser, 
and so draws the vapour 
through the apparatus. The 
chloride of calcium cylinder 
separates the vapour of water 
which results from the moisture in the pyroxyline, and the condenser retains the solvent and 
delivers it back into a suitable tank. 

Instead of evaporating the solvent used in making the celluloid, it may be removed by precipi- 
tating the pyroxyline by means of water, mineral naphtha, &o. There is thus obtained a semi-solid 
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mass, containing a small quantity of the solvent, which is passed through grinding rolls or other 
disintegrating machinery, and then worked up as usual. The celluloid is placed in a vessel con- 
taining a revolving agitator or beater, together with water or mineral naphtha in the proportion of 
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1 lb. of celluloid to 1 qrt. of liquid, and the agitator is set in motion. After a short time, the celln- 
loid is let out in a curd-like form, and submitted to pressure (not excessive), to separate the liquid. 
It is convenient to place it in a vessel of cylindrical form, and about 12 in. in diameter, provided with 
a movable and perforated bottom, covered with several layers of wire gauze. This is filled with 
the curd-like celluloid, upon which a plunger is forced down, and a cheese-like block is produced. 
This is rolled down between rollers heated by steam, as already described, and any pigment, &a., 
is worked in by them at the same time, the mixture being passed through and through till 
perfected. 

The solvent used is preferably mineral naphtha, as free from smell as possible. The solvent taken 
up by the liquid is reooveretl by distillation, if water has been used ; but in the case of naphtha, the 
greater part will separate on standing, and may then be decanted off. 

In order to make celluloid in imitation of pearl, fish-scales are mixed with the dissolved pyroxy- 
line, and a pearly-lustrous material is thus produced. To form a thin veneer of artificial pearl, one 
part of this material is mixed with 100 parts of pyroxyline. The latter is first ground with a solvent 
and oil to a doughy consistency, the pearly compound is then addetl, the solvent is separated, and the 
celluloid is worked up in the ordimiry way. But when the celluloid is required in a semi-fluid con- 
dition, the solvent must be increased instead of removed, and a much larger proportion of the pearly 
material will be needed. The beat lustre produced is that made in France, from the scales of the 
whiting. In producing a coloured celluloi.l, preference should always be given to dyes — especially 
aniline — rather than pigments. The brightest and most delicate colours may be imparted. 

To manufacture eelluloid so as to resemble ivory, the following plan is adopted. The celluloid 
is made without any colouring matter, and is kept as clean and white as possible ; wlien in a dough- 
like state, it is rolled into sheets in. thick. Meantime another celluloid is prepared, containing 
carbonate of strontia in the proportion of one part to about 200 parts of pyroxyline, and this also is 
rolled into sheets. These sheets are placed alternately one over another to produce any desired 
grain. A good plan is to lay a transparent and an opaque sheet one over the other, and roll them 
up together, then take the roll and twist it, pass it through heated rollers and roll it down into a 
slab, for cutting knife handles or whatever may be required. 

In working white or light-coloured celluloids, or those in imitation of pearl or ivory, it is neces- 
sary that porcelain or glass vessels should be used in its manufacture as far as possible, and the 
rollers through which it is passed must be covered with platinum, as other metals are acted upon 
by the celluloid. A coating of platinum in. thick will be very durable. 

For producing a white eelluloid, without unduly increasing its specific gravity, the dissolved 
pyroxyline and other ingredients are mixed with white starch, either from wheat, rice, potat'oes, &c., 
or with arrowroot, tapioca, or other amylaceous substance, or with wheat flour, or with cotton, ground 
and bleached. 

To remove the solvent remaining iu the celluloid, which imparts a slight odour to articles made 
of it, and renders them liable to shrink in course of time, such articles are seasoned while in 
a partially manufactured state, by soaking them in a liquid which will dissolve out the solvent 
without affecting the pyroxyline, such as bisulphide of carbon, chloride of lime, or benzol. The 
articles so soaked are afterwards placed in a vessel from which the air is exhausted, and the curing 
liquid is thus drawn out, condensed, and recovered. 

The process employed for making billiard balls is as follows. To 100 parts of pyroxyline, dis- 
solved, ground, and strained as usual, are added 300 to 500 parts of the usual solvent — alcohol 100 
parts, naphtha 50 parts; 100 to 150 parts of arrowroot or starch; and 50 to 100 parts of the best 
zinc-white. The solid matters are added to the plastic solution of the pyroxyline, and the whole is 
placed in a closed rolling or grinding apparatus, the rollers being heated by steam as described, and 
the compound is ground up till most of the solvent is driven off. The latter is recovered by convey- 
ing it through pipes to a Liebig’s condenser. The mass is now about as stiff as clay, and may be 
moulded or rolled, and placed in a warm place for seasoning. When well seasoned, the ball may be 
turned. When less specific gravity is required, it is best to employ as much amylaceous substances 
as possible, they being lighter than the zinc. Ground and bleached cotton fibre may be ground up 
with the plastic pyroxyline, in the proportion of 100 parts disintegrated cotton to 300 parts pyroxy- 
line paste. When making coloured celluloid with amylaceous substances or cotton, the colours 
should be added at the same time, and ground up with the other ingredients. 

Since the Paris Exhibition of 1868, where Parkes obtained a prize medal for his show of articles 
manufactured from celluloid, and where the substance was first named Parkesine, the Americans 
have made considerable advance in the manufacture. A modification worth mentioning consists 
in employing camphor as the solvent of the pyroxyline. The latter is first reduced to a fine 
pulp, by finding it in water in a machine such as is used for grinding paper pulp, and to the 
pulp thus prepared, pulverized camphor gum is added, in the proportion of one part by weight of 
camphor to two parts pyroxyline when dry. At the same time, is added any desired material for 
colouring the celluloid, or modifying its specific gravity. The camphor is comminuted by grinding 
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in water, trituration, or solution and precipitation. The canjpliorated mass is placed in a monld, 
and heated to a sufficient temperature to liquefy or vaporize the solvent, and is then subjected to 
heavy pressure. The temperature should never exceed 149° (300° F.), or the pulp in contact with 
the mould will become charred; sometimes 66° (150° F.) suffices. The mixture should remain in 
the mould under heat and pressure till the conversion of the pyroxylins is completed ; it is then 
left to cool under pressure in the mould. When first taten out, it has the consistency of sole 
leather ; but is easily softened by heat till the camphor has evaporated, when it grows as hard as 
horn. 

For dental purposes, the transformation of the pyroxylins is effected by camphor, and without 
the use of fixed oils or fusible non-solvent gums, which are required to be combined with the 
material when ether, alcohol, &o., are used, and which would impair the strength, durability, purity, 
and firmness of texture essential in dental plates. Fifty parts at least by weight of camphor are 
added to one hundred parts of soluble pyroxyline; more camphor makes the compound more 
plastic. The plates formed are placed in a drying room heated to 65°-82° (150°-180° F.), the latter 
being the maximum, to drive off the camphor. A temperature above 93° (200° F.) will expand the 
material, and make it porous and brittle. It is said that this compound is lighter and stronger 
than dental vulcanite or indiarubber ; its colour is the same as the natural gum, and is unchange- 
able ; it has no impleasant taste; it is absolutely non-injurious, and never shrinks or warps after 
setting. 

The following process is adopted in practice to dissolve the pyroxyline in camphor, eliminate 
the solvent, and form a solid mass of celluloid at one operation. The prepared mixture of soluble 
pyroxyline and camphor is first dried, by compressing the moist, pulpy compound into conve- 
nient sized cakes, about J in. to j in. thick, and arranging them in a pile with intermediate layers 
of paper, or other absorbent material, and subjecting the pile to pressure in a hydraulic press. 
By this means, the material is uniformly and sufficiently deprived of its moisture, while the com- 
pression of the material and exclusion of the air prevent all danger of ignition when exposed to the 
sun or the heated air of a drying room. The mixture of pyroxyline and camphor is subjected to 
pressure by means of a plunger in a heated cylinder provided with a discharge nozzle or pipe, the 
cylinder being of sufficient length to cause the conversion of the pyroxyline to take place while the 
material is being gradually forced through it, so that by replenishing it as it becomes partially 
empty, a gradual discharge of the celluloid is effected, in the form of a continuous bar or sheet as 
desired. The cylinder is unequally heated, in such a manner that the mixed material will first 
be compacted in the colder portion, before the solvent is melted and the process of transformation 
commences. The air is thus allowed to escape more freely, and is more completely expelled, while 
the conversion of the pyroxyline is effected in another and hotter portion of the cylinder, as the 
mass is forced through it. The upper or receiving end of the cylinder is cooled by being 
surrounded by a cold-water jacket; and the lower or discharging end is heated by a steam or hot- 
water jacket. The former is supplied by the escape pipe of the hydraulic engine. In the discharge 
end of the converting cylinder, is a central heating and distributing case, constructed with radial 
pins or projections, by which the material, before it escapes from the cylinder, is caused to pass 
through the annular space around the central core, and in contact with the heated surface of the 
cylinder, while the spurs or pins divide and mix the material, and at the same time serve to conduct 
the heat from the cylinder to the central core. The discharge pipe is passed through an equalizin>» 
warm-water vessel, which keeps it sufficiently warm to prevent the material in contact with the 
inner surface cooling faster than the central portion, as the unequal cooling, and consequent 
unequal consistency, of the different portions of the material would cause the central and softer 
portion to move faster than the outer and harder portion, thus destroying the homogeneity of the 
mass, and rendering the surface rough and broken. 

The soluble pyroxyline is first comminuted in a wet condition, and the excess of water is pressed 
out. The camphor and colours, as required, are then thoroughly incorporated with it by the 
mixing rollers. The compound, thus prepared, is formed into cakes by means of a mould and 
follower, the bottom of the mould being made separate, and serving to transfer the formed cake to 
the pile. These cakes are preferably made about 12 in. square, and i to i in. thick; it would be 
difficult to properly absorb the moisture from thicker cakes. These are laid up in a pile with layers 
of blotting-paper between them, and are then placed in a hydraulic press to remove the water as far 
as necessary. During this process, the compound is protected from the air, to prevent evaporation 
of the camphor, and to avoid the chance of ignition. The rapidity with which this drying is effected 
ensures great saving of time and space. The dried material is ready for conversion into ceUnloid, 
for which purpose, it is transferred, with the solvent, to the converling cylinder. The heat frorn 
the steam-jacket surrounding the lower portion of this cylinder brings Ibout the conversion of the 
pyroxyline to a homogeneous mass of celluloid, which is then forced through a discharge nozzle, 
constructed according to the desired form of the product, e. g. in bars or sheets, or directly into a 
mould of the article to be manufactured. 
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The nse of various solvents and combinations of solvent materials has been attempted or 
proposed ; e.g. a mixture of camphor and oils in about the following proportions, viz. : — 

Camphor, camphor oil, or liquid camphor 20 parts by weight. 

Oil, such as castor or linseed, before or after boiling . . 40 „ „ 

Pyroxyline (soluble) 40 „ „ 


These will give a consistency suitable for covering telegraph wires, or for moulding or spread- 
ing. For material with greater or less flexibility, or greater or less fluidity, the proportion or 
character of the oil must be changed. In proilucing very hard or rigid material, it is preferable to use 
oils which will themselves harden by exposure to air, as those which have been boiled. Camphor 
may also be used in about equal proportions with hydrocarbons having a boiling-point at 104°-204° 
(220°-400° F.) ; or with alcohol or spirits' of wine ; or hydrocarbons in equal proportions with 
alcohol ; or castor oil in equal proportions with alcohol ; or a distillate of a mixture of camphor 
oil and hydrocarbons, or of camphor and bisulphide of carbon in conjunction with alcohol ; 
or aldehyde, either alone or with alcohol. Either of these solvents may be employed with the 
other ingredients in about the following proportions, to produce a semi-fluid celluloid ; — 


Pyroxyline (soluble) 

Castor oil 

Camphor 

Either of the foregoing solvents 


27 parts by weight. 
27 „ 

6 „ 

40 „ 


The consistency will depend chiefly on the proportions of the oil, as before. 

The most recent and valuable improvements in the manufacture of celluloid, for all manner of 
purposes, will be found in two patents (Nos. 1865 and 1866) taken out, in May last, by Henry 
Parkes, a relative of the first European discoverer of the substance. 

Uses . — It is only fair to premise that, in the following sketch of some of the applications of 
celluloid, no pretence is made to exhaust the list. It possesses such a combination of valuable 
properties that its sphere of usefulness must of necessity be enlarged, as the article becomes more 
generally known and appreciated, and as further steps are made in the direction of controlling its 
rather combustible teudencies under climatic changes. Nevertheless, it will be seen from the 
sequel that it has already attained a high degree of importance. It is superior to ivory on the 
score of durability, as it sustains hard blows without injury, and never loses its colour. One 
whole company in the United States employ it exclusively for organ and piano keys, and its con- 
sumption for that and similar purposes has assumed such proportions that ivory is much reduced 
in price in consequence. Billiard balls can be made from it at half the cost of ivory, while 
possessing equal elasticity and greater durability. It is extensively employed for making combs, 
brush backs (see Brushes), and various other toilet things wherein ivory has hitherto been used. 
For small-tooth combs, the cost is 25 per cent, less than ivory, an 1 in large pieces, the difference 
is enormous. It effectually displaces ivory, too, in harness trimmings, foot-rules, chessmen, and 
handles of various kinds, especially knife and fork handles, for which purposes it is admirably 
adapted, as it neither cracks nor becomes discoloured by hot water. Indiarubber generally holds 
its own in competition with celluloid, on account of the relative prices ; but the latter is much more 
durable, and is superior for pencil-cases, jewellery, &c., where gold mountings are used, as it does 
not tarnish the metal, whereas the sulphur in indiarubber tarnishes all gold under 18 curat. This 
freedom from sulphur, and the readiness with which it takes a natural flesh-tint, have caused cellu- 
loid to be used for dental blanks or gum, and other attachments of artificial teeth, in lieu of 
vulcanized indiarubber. It can be mottled to imitate the finest tortoiseshell, and its elasticity 
renders it less liable to fracture. In this form, it is much used for combs, card and cigar cases, 
match-boxes, pocket-books, napkin-rings, and all sorts of fancy articles. It can be made to resemble 
malachite and amber equally well, and is very suitable for the mouth-pieces of pipes, cigar-holders, 
flutes, flageolets, &c. For drum-heads, too, it is better than parchment, as it is not affected by 
moisture. It replaces porcelain in the manufacture of dolls’ heads, which are practically unbreak- 
able. Coral of all shades can be copied exactly, but dark or bright red, and not the rare and costly 
delicate pink shade, are mostly in demand. For optioil goods, such as the frames of spectacles, eye 
and opera-glasses, it competes successfully with jet, tortoiseshell, &c. ; and for photographic purposes, 
it is superior to ivory. It is used for shoe-tips instead of metal, and has the appearance of patent 
leather ; it is also employed in in-soles. Many thimbles are made of it ; and it is said to be the best 
material known for emery-wheels and knife-sharpeners. Within this last eighteen months or so, 
a new demand has arisen for the substance, as a substitute for linen or paper in shirt-fronts, cuffs, 
and collars. It looks like well-starched linen, is sufficiently light and flexible, does not wrinkle, is 
not affected by perspiration, and can be worn for months without injury. It soils less readily than 
linen, and, when dirty, is quickly cleaneil with a little soap and water on a flannel. A more recent 
improvement consists in placing real linen between two sheets of celluloid. It has also been 
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tried for neckties. For hatbands and hat sweat-bands, it is dearer than the articles in present 
use ; but it is much superior, as it does not become ruoty or greasy. 

As yet the seats of manufacture are exceedingly few, principally owing to the fact that almost 
all the details of the manufacture are the subjects of patents, which are the property of only one or 
two individuals. All the celluloid produced in the United States, where the manufacture and 
application of the substance have received the greatest impulse, is turned out by one firm at Newark, 
in New Jersey. There is one works in Fiance, at Staines, on the Seine, but beyond that there is none 
in Europe. A company instituted in England failed through coustitutional defects, and a works 
started by a Hanover firm was abandoned because of the explosive nature of the material. If 
greater energy be not soon displayed in England, we shall probably become importers of the substance, 
first di^vered and manufactured in our own country, by A. Parkes, so long ago as 1855. Though 
the invention is thus of no recent date, the manufacture has only been developed within the last few 
years. 

The commercial price of the article in France is 8 ft^ncs per kilo, (about 2s. lOd. per lb.) for the 
raw product, and variable for coloured sorts. In America it sells at 2 dollars (8s. 4d.) per lb. for 
making umbrella handles, &c., while the same substance is charged at 4 to 5 dollars to jewellers, 
the price being adjusted according to the competition experienced from the various substitutes. 

The American firm is concerned only with the manufacture of the raw material, which it 
supplies in blocks to the consumers, who have to prepare it according to their special needs. It is 
said to be exported largely to Cuba and South America. 

Vulcanized Fibre. — Under the name of “Vulcanized Fibre,” an American firm, whose 
works are at Wilmington, are producing a material much resembling celluloid in its origin and 
applications. It is prepared from a thick, spongy, reddish-brown paper, specially made for the 
purpose, which, when acted upon by certain chemicals, loses its original character, and is trans- 
formed into a homogeneous mass of almost metallic hardness. The material emerges from the 
process of manufacture in large flat sheets, which are made up into a long list of articles, principally 
for railway use, as fish-bolt washers, oil-box covers, “ dust-guards,” &c., &c. The company, it is 
said, sells nearly a quarter of a million track-bolt washers a month. An important application of 
the substance is for the manufacture of condense-pipes for steamers; exposure to the action of salt 
water, and alterations of temperature, do not seem to affect it in any way. From the scraps left in 
cutting large articles, carriage-washers are made. Eoving-cans, used in cotton-mills, and formerly 
made of tin, are now made of this material. As yet, it has not been largely applied to making 
ornamental articles ; but its finish makes it well suited to such purposes. It cannot be moulded, 
but may be sawn, cut, or turned ; is capable of receiving various colours, and is used in both the 
polished and unpolished state. 

(See Brushes ; Buttons ; Ivory ; Nuts.) 


CEMENTS. (Fk., Ciment ; Geb., Cement.} 

A cement is a substance, which, on being applied to the surfaces of two bodies, causes them to 
adhere strongly, when brought into contact. For the purposes of e-isy reference, a system of classi- 
fication will be adopted in dealing with this subject, the subdivisions being Calcareous cements 
Gelatinous cements, Glutinous cements, Besinous cementing compounds, and Non-resinous 
cementing compounds. These will be followed by a number of compositions often erroneously 
termed cements, but more properly designated Lutes. 

Calcareous Cements.— Though comparatively few in number, these are by far the most 
important cements. Their ingredients are all obtained from the mineral kingdom, and their eflflcacy 
depends chiefly upon the treatment of the raw materials, and the proportions of their admixture. The 
principal varieties are the following : — 

J/ortar.— Mortar is composed of two essential ingredients, lime and sand, which are intimately 
mixed, in a fine state, by the agency of water. The sources of lime, in this country, are very 
abundant. It is obtained from the crystalline marbles of the Metamorphic system; from the 
coralline and shelly beds of the Silurian ; from the comstones of the Old Bed Sandstone ; from the 
coralline and shelly marbles of the Devonian ; from the coralline, encrinal, shelly, and fresh-water 
beds of the Carboniferous ; from the dolomites of the Permian ; from the muschelkalks and gypsums 
of the Trias; from the oolites of the Jurassic; from the shelly bands of the Wealden ; from the 
chalks of the Cretaceous; from the gypseous and nummulitic strata of the Tertiary ; ’ from the 
lacustrme marls of the Post-Tertiary. In composition, these rocks vary considerably, some being 
essentially carbonate, others sulphates, others again magnesian or dolomitic ; further, these may be 
argillaceous, bituminous, ferruginous, or siliceous. ^ 

The limeston^ best suited for the manufacture of common mortar are carbonates which are free 
from sihca alumina, ^d iron. These, after being quarried, and broken into pietes of a convenient 
size, me calcmed m kilns constructed in a variety of ways. The kiln should be placed as near as 
possible to the quarries whence the stone is extracted, so as to avoid carriage. The longerthe stone 
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haa been exposed to the air, the less fuel wUl he consumed in driving off its inherent moisture, or 
“ quarry water.” Generally, orilinary pit coal is used in the calcination, one ton being necessary for 
every 4 or 5 tons of limestone j for some kinds of stone, however, slaty, or shaly coals, are better 
adapted than superior coal, not only from their being cheaper in price, but also Wause they bum 
the stone more slowly and equally, at the same time keeping it “ open,” and preventing its slagging 
and sintering. These impure coals may cause a greater amount of kiln-dust ; but the lime will be 
more free from cores and slags. When properly burnt, that is to say, when not slagged or coated 
with a siliceous glaze, from too sudden ignition, the limestone will have lost its carbonic acid, and 
will have become converted into caustic or “ quick’’ lime, protoxide of calcium. One hundred parts 
of raw limestone should yield fifty-six parts df quicklime. 

The proper selection of the sand has as great an influence upon the mortar as has the character 
of the lime. The “ sharper ” and cleaner the sand, the better ; the finest mortar is made with clean 
pit or river sand ; the presence of earthy impurities will interfere with the chemical imion of the lim e 
and silica ; sea sand is sure to be impregnated with salt, which will subsequently cause deliquescence 
or efflorescence. 

Before mixing the lime and sand together, to form mortar, the former must be “ slaked ” with 
water. One volume of water is added to three volumes of lime, when the latter “ falls down,” with 
violent evolution of heat, into a powder, whose colour will resemble the tint of the limestone 
employed. The more rapidly and completely it fiills, the better the b’me ; a lime that falls slowly 
and unequally will never be satisfactorily cohesive. When the lime is slaked, more water is applied, 
to convert it into a pulp or paste ; this paste, thoroughly incorporated with an equivalent of sand, 
constitutes common mortar. The proportion of sand will vary with the richness or “ fatness” of the 
lime, which latter is dependent upon the purity of the original carbonate of lime ; for poor limes, 
2 or 2i parts of sand will suflSce, while some fat limes will take 4 or 5 parts, and yield a superior 
mortar. The longer a lime remains slaked before being used, the stronger will be the mortar made 
with it. The admirable solidity of ancient buildings is entirely due to the fact that the slaked 
lime was covered with turf, and kept for a year, often even three years, before use. It is scarcely 
necessary to remark that mortar is distinguished from hydraulic cements, by its incapacity to set, or 
harden, under water. 

Hydraulic limestones, or those which yield a lime capable of setting under water, are not so 
abundant as ordinary limestones. The blue Lias, stretching from Whitby, on the north-east, to Lyme 
Begis, in the south-west of England, is the chief source. Available beds, which have been igno- 
rantly n garded as “ bastard ” limestones, and therefore neglected, occur among the Carboniferous 
limeatoues of Flintshire, Northumberland, Lanarkshire, East Fife, and the Lothians. These may 
always be distinguished, according to Dr. Page, by their tougher, earthier, and less crystalline 
texture, by not effervescing so violently under acids, and by weathering more slowly into a deeper 
brown surface. Some of the argillo-calcareous ironstones, known as “ curl,” and “ cone in cone,” 
and containing about 10 per cent, of iron, are used, as at Coalbrookdale, in the manufacture of 
hydraulic cements. The Septaria, or argillo-calcareous nodules, of the Loudon clay and lower Lias, 
are well known for their strong and energetic hydraulic qualities. Eecently, the beds of exceed- 
ingly pure gypsum, disclosed by the sub-Wealden borings, have been drawn upon by cement- 
makers. 

There are some scores of hydraulic cements in the market ; but their composition varies rather 
in method and proportion of admixture, than in the ingredients themselves. The essential com- 
ponents are lime, clay, and oxide of iron ; the lime may vary from 50 to 80 per cent. ; the clay, from 
25 to 40 : and the oxide of iron, from 3 to 14. In some cases, the limestone employed is naturally 
hydraulic; but more often, that quality is attained by an artificial admixture of the required 
materials. 

The following are some of the best-known hydraulic cements : — 

Parker’s. — This cement is made from the nodules of indurated and slightly ferruginous marl, 
known as Septaria, belonging to the London clay, and found in the Isle of Sheppy, at Harwich, and 
on other parts of the south-eastern coast. These, as well as the argillo-calcareous nodules from the 
lower Lias, are naturally hydraulic limestones ; when well selected and prepared, they furnish a 
quick-setting, strong, and durable cement. They are burnt with pit coal in conical kilns, in 
the same manner as other limestones, care being taken to avoid excessive heat, as, if the lumps 
undergo the slightest fusion, even on the surface, they will be unfit for cement-making. After 
proper roasting, the calx is ground to very fine powder, and immediately packed in barrels, to 
exclude air and moisture. For use, it is tempered with water, and applied at once ; it soon hardens, 
and will not bear being softened down again with water. 

Pew's. — Quicklime, 1 part; baked clay, 2 parts; powdered, mixed, and calcined; then, gypsum, 
fresh baked and in fine powder, 1 part, is added to powdered baked clay, 2 parts ; mixed well, 
added to the former compound, and the whole thoroughly incorporated. It is very hard and durable. 

i’orWaad.— This cement, so largely manufactured on the Thames, the Tyne, and other rivers. 
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consists of about 80 parts of chalk or rich lime, and 20 parts of flnviatile mud, or clay ; the two 
ingredients are incorporated wet, then dried, calcined, and reduced to powder. 

Jioman. Genuine Roman cement is manufactured from pozzuolana, a ferruginous volcanic ash 

from Vesuvius and other Italian volcanoes, and lime ; or, from a combination of lime and a Tertiary 
volcanic earth, or kind of pumice, called trass, which occupies wide areas in the Eifel district of 
the Rhine. The only preparation required is grinding to an impalpable powder. The Roman 
cement made in this country is obtained from the Septaria of the London clay and the lower Lias, 
from the cement stone of the upper Lias, and from the shale beds of the Kimmeridge clay ; it is 
also manufactured from several artificial admixtures of lime and ferruginous clay, calcined together. 
It must be kept in closed vessels, and is mixed with vfater for use. 

For fuither information on the subject of Calcareous Cements, the reader is referred to 
Spons’ ‘ Dictionary of Engineering,’ and Supplement ; to Reid’s ‘ Cement ’ ; and to Page’s ‘ Economic 
Geology.’ 

Gelatinous Cements. — All animal tissues contain an adhesive substance, which anatomists call 
“ histose.” When the tissues are boiled in water, the histose is changed into a substance called 
“ gelatine,” which is dissolved hy the water. It may afterwards be separated from the water by 
simple evaporation, when it forms a dry, hard substance, which has different names according to the 
source from which it has been manufactured. That obtained from cartilage is called “ ehondrine ” ! 
that from hones, hoofs, and hides, “ glue ” ; that from the air-bladders and intestines of fishes, 
“ isinglass ” ; and that from the less tenacious and adhesive constituents of parchment scraps, and 
some other animal membranes, “ size.” The process of manufacture, in aU these cases, consists in 
boiling in water; the hot water causes the animal substances to change into gelatine, which 
it dissolves. (See Bones.) Of the products mentioned above, two only are employed as cements, 
viz. Glue, and Size. 

Glue. — This useful article is made from fresh hones, freed from fat by previous boiling; from the 
refuse scraps produced in trimming skins for tanners ; from the hoofs and horns of cattle ; and from 
leather cuttings. The best glue is obtained from the “ soundings” of sheep-skins and cattle-hides, 
known as “ fleshings,” and also, from their industrial application, as “ glue-pieces.” These are 
first placed in pits containing milk of lime, where they are allowed to soak for several days, or even 
three weeks ; the milk of lime is changed every six or seven days, and the pieces are occasionally 
turned over. When sufficiently soaked, the pieces are taken out to drain and dry, for which 
purpose they are placed on hurdles, or in layers on a sloping pavement, and turned over three 
times daily. When dry and hard, they are ready to be sold to the glue-manufacturer, and are a better 
material for his purpose than the fresh skin-pieces. The fir-^t operation of the glue-maker is to 
soak the pieces in weak lime-water, and then to wash them in baskets under a stream of water. They 
are then drained, and exposed to the air, so as to enable the adhering lime to absorb carbonic acid 
from the atmosphere, and thus to lose its caustic properties, which would destroy p,art of the glue 
during the subsequent boiling operations. Glue which is to be used as gelatine, for culinary 
purposes, is derived from perfectly clean and fresh bones. For the manufacture of this material, 
beef-bones are preferred to all others, as they yield a perfectly transparent article, sold under the 
name of gelatine or isinglass. Calf-bones give a milky glue ; hog-bones create a blackish foam in 
the solution ; while the product from sheep-bones always retains the peculiar odour of the fat of 
these animals. The glue made from hoofs and bones is .always brown and of common quality. 
Whatever the substance used, whether glue-pieces, bones, or horns, the process is essentially the 
same. The raw material is put into a flat copper boiler, provided with a perforated false bottom, 
at a little distance above the bottom, so as to prevent the solid material from touching the shell, 
where it would stick fast and be burned. The boiler is two-thirds filled with water, and heat is 
applied. In a few hours, after stirring repeatedly, the pulpy liquid is drawn off in successive 
portions, as soon as it is perceived that a sample taken out gelatinizes on cooling. Experience has 
taught that too long boiling injures the glue. The test for this cooled gelatinized material is that 
it must be fit to be cut into slices with a wire. Before drawing off the solution, the fire is let down, 
so as to stop the boiling, and allow the liquid to clarify by settling. The liquor is then drawn off 
into a deep boiler, where it settles for the second time, remaining hot for from five to six hours- 
The longer it stays in this vat, the better it will be clarified, and the higher will be its market 
price. Often a certain proportion of alum is added to it at this stage, to assist the separation of the 
impurities. 

From the vats, the warm liquid is run into shallow, flat coolers consisting of wooden boxes, 
about 11 ft. long. 12 in. wide, and 9 in. deep These are placed in a cold situation, so that the 
liquid may cool and gelatinize. This operation occupies from twelve to eighteen hours, according 
to the state of the weather ; at the end of this period, the glue will be sufficiently firm to be taken 
out as an elastic cake. For this purpose, the wooden boxes are inverted on a moist table, and the 
mass of glue is then divided into a senes of blocks, or ” gobbets ” ; these blocks are next placed in 
a wooden frame, 12 in. by 7 in. by 6 in. deep, and provided with about a dozen slits, the whole much 
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resembling a set of school-slate fi^mes placed together. Each block is then cnt horizontally into 
slices, by means of a brass wire stretched like a bow-saw on a frame, and inserted in the slits of the 
frame containing the block. The slices, thus cut, are laid out on sheets of galvanized iron wire 
netting, exposed on every side to the air, for the purpose of drying and hardening. This part of 
the manufacture is most exposed to the risks of possible failure, by reason of the influence exerted 
by the weather. A sudden heat will soften the glue, so that it wiU run through the nets ; moist 
weather will prevent the drying, and, if it is warm at the same time, the glue may be so spoiled, 
and acquire such a bad odour, as to be fit only to be thrown away ; a fog, or a thunderstorm may 
spoil the operation, and render all the previous trouble and expense totally useless. Glue which 
has once manifested a bad smell during the process of manufacture, even though dried afterwards 
to a perfectly odourless solid, will reveal its quality when dissolved at any subsequent period ; nay, 
while still dry in the barrel, it will become disagreeably odorous on every moist day ; and, what is 
worse, walls on which this glue has been used will give out the smell in damp weather. As a 
matter of course, such glue loses much of its commercial value. In the course of drying, the slice 
of glue shrinks until its size is only half of what it was when in a moist state ; and it requires to be 
carefully watched and turned, to prevent uneven contraction, which would cause it to split. After 
being dried, the slices are taken into sheds, and washed with boiling water, for the purpose of 
removing any dirt or dust, which may have adhered to their surface in the course of drying. The 
glue is then packed ready for the market. The qualities commonly made are “ town glue,” worth 
about 6d. a lb. ; “ strong Russian dark,” 9d . ; “ finest Md,” Is. 

When glue-making is properly conducted, there should be no waste product. The large bones, 
after boding, may be sold to the button manufacturer (see Bones, and Buttons ) ; the small bones 
are valuable for making bone black (see Blacks), or for their fertilizing properties (see Manures); 
hoofs are useful for making combs ; hair from the ‘‘fleshings ” has many appUeations ; the waste 
lime from the pits is an excellent manure. 

A great improvement in the method of conducting the manufacture of glue is the application of 
superheated steam to the materials, by which a much larger proportion of glue is extracted, in a 
shorter time, and at less cost. Another improvement is the addition of Paris white (fine chalk) to 
the glue used by cabinet-makers. It has the following advantages : — 1. It increases the adhesive 
qualities of the glue. 2. It makes the glue look whiter, and thus gives to a browner glue, the 
lighter appearance of a more expensive quality. 3. It is a pecuniary gain, since a substance 
costing only IJd. or 2d. a lb. is added to one costing Is. 3d. to Is. 8d. ; but it is not to be 
considered as a common adulteration : the buyer loses nothing, as the price is proportionally 
reduced, while the quality is improved. This is an American plan, and explains the mUkiness of 
the glue made in the United States. 

A novel feature in glue manufacture is the utilization of leather refuse for the purpose. Old 
leather, or leather refuse, is subjected to the action of 15 per cent, of a mixture of slaked lime and 
water, in closed vessels, at a temperature of 121° (250° F.). In this way, the leather is completely 
decomposed. Its principal constituents being tannic acid combined with gelatine, the tannic acid 
attacks the lime, forming tannate of lime, while the gelatine is set free, and is dissolved in the 
water. The high temperature required for the operation injures the glue, which is undoubtedly 
somewhat deteriorated by the previous action of the tannin on the leatlier from which it is derived. 
For these reasons, the glue obtained from leather is inferior in its adhesive qualities ; but it may 
do very well for culinary purposes. 

The Laplanders make an excellent glue from the skins of perches ; and it is probable that eel- 
skins would serve the same end. The largest skins are chosen, and dried ; they are then moistened 
with cold water, till they have become so soft that the scales c,m be separated; the latter are 
thrown away. Four or five of the skins are then put into a reindeer’s bladder, or wrapped up in 
the soft bark of the birch tree, in such a manner as to exclude water. Thus covered, they are 
placed in a pot of boiling water, and kept at the bottom by means of a stone. After boiling 
for about an hour, they are uncovered, having, by that time, become soft or viscous. In this state, 
they are employed for joining the two pieces of the Lapp bows ; if pressure be exerted till the glue 
is quite dry, the joint will never give way. 

Good glue should be hard, and difficult to break with a hammer, though, when broken, it should 
yiehl suddenly to the force, and present a sharp vitreous fracture. It must be admitted, however, 
that some very fair glues, in thin pieces, will yield or bend a little, even when quite dry, before 
breaking. The colour, whether dark or light, should be bright, not too dark, and without any 
green tint. The substance should be transparent, and free from foreign particles, and should be 
capable of absorbing a considerable quantity of water, say, at least four to seven times its own weight. 
Generally speaking, the amount of water thus absorbed will serve as an indication of the quality 
of the glue, provided that the resultant mass is not too friable, and remains clear, or nearly so, and 
that when it has been melted and allowed to cool, the jelly it forms is tolerably clear and fresh, and 
not liable to rapid spontaneous putrefaction. From careful experiments made with dry glue. 
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immersed for twenty-four hours in water, at 15° (60° F.), and thereby transformed into a jelly, if 
was found that the finest ordinary glue, or that made from white bones, will absorb twelve times its 
weight of water in twenty-four hours ; that glue from dark bones will absorb nine times its weight 
of water ; while the ordinary glue made from animal refuse will absorb but three to five times its 
own weight of water. 

One of the best chemical tests of the quality of glue is to ascertain the proportion of pure 
gelatine in the mass. This may be done by means of a solution of binitrate of mercury, in water 
acidulated with nitric acid. The test should be compared with a solution containing a known 
amount of gelatine. 

The usual chemical test to distinguish the presence of glue in any liquid is tannic acid, which 
forms, in a solution of any kind of gelatine, a copious leathery precipitate, of which the particles, 
however, cannot be made to adhere together like leather, the fibrous structure of the “ histose,” from 
which the gelatine is derived, being absent. 

The imports of glue and glue clippings into the United Kingdom, in 1870, were 30,293 cwt., 
valued at 36,046?. ; and the exports were 2439 cwt., valued at 4937?. 

Liquid Glue. — (a) Ordinary glue, 5 lb., is dissolved in water, contained in a vessel which may be 
heated by means of a water bath, care being taken to stir from time to time. When all the glue 
is melted, 1 lb. of commercial nitric acid is gradually added in small doses. This addition creates 
an effervescence, and a disengagement of red nitrous fumes. When all the acid has been poured in, 
the vessel js withdrawn from tlie fire, and the contents are left to cool. This glue may be kept for 
a long time, even in uncorked vessels. It is used cold, by means of a brush. It may also be 
employed as a lute, by spreading it on strips of linen. (5) Ordinary glue, 100 oz., is dissolved in 
a water bath with 250 oz. vinegar ; when the whole has become liquid, 250 oz. ordinary alcohol, and 
10 oz. alum are added, the mass being kept over a fire for a quarter of an hour. It is very 
tenacious, and does not become putrid. When too thick, a little water may be added, and the 
mixture may be heated. It is very useful for cementing, in the cold, a variety of small objects, and 
is much employed by the makers of false pearls, (c) Four parts by weight of gelatine or ordinary 
glue are dissolved, in the cold, or better, at a gentle heat, in ten parts of commercial acetic acid. 
(d) Glue in fine pieces, 6 parts, macerated for some hours in water, 16 parts, adding hydrochloric 
acid, 1 part, and sulphate of zinc, 1^ part ; the whole is then exposed, for ten to twelve hours, to a 
temperature of 80° or 90° (176°-194° F.) ; the mixture will keep unaltered for a long time. 

Parchment Glue. — Parchment, 10 parts, is cut into small pieces, and boiled in 128 parts of water, 
until the liquid is reduced to 80 parts. The decoction is filtered through linen, and evaporated 
over a gentle fire, until it presents the desired consistence. 

Size.— A recently introduced size which, for the paper-maker’s purpose, is said to be 50 per cent, 
cheaper and much better than the ordinary size, is made in the following way In a copper pan 
heated by steam (waste steam will do) from 45 to 50 lb. of soda is dissolved in 200 to 240 lb. boiling 
water; while still boiling, 300 lb. powdered rosin is added, and thoroughly stirred in till it is 
entirely dissolved, an operation generally requiring three to four hours. This soda-rosin compound 
is dissolved in water, in the proportion of 1 lb. of the former to 30 to 40 lb. of the latter ; it is then 
thoroughly incorporated with a glue solution, made by dissolving 100 lb. glue in 300 to 400 lb. 
water. The two solutions are then boiled together for about ten minutes, after which the mixture 
is run through a fine sieve or filter, and is then ready for use. The best proportions for mixing the 
vegetable and animal sizes are, for Ij part of rosin, 1 part of glue; for some purposes, equal parts 
of each may be taken. The addition of starch, if required, can be made as usual. 

Waterproof Glue. — In order to render glue insoluble in water, even hot water, it is only necessary, 
when dissolving the glue for use, to add a little bichromate potash to the water, and to expose the 
glued part to light. The proportion of bichromate will vary with circumstances ; but for most 
purposes, about ^ of the amoimt of glue used will suffice. 

Glutinous Cements.— By glutinous cements, are understood those whose base is a substance 
containing a large proportion of gluten, such as the Hour of wheat, rye, rice, &c. They are com- 
monly known as “ paste,” of which the chief varieties are the following : — 

Japanese Paste. — The Japanese make a very fine paste from rice fiour. The flour is mixed with 
a little cold water, and into it is gradually poured boiling water, till the mass has attained the 
proper consistence ; it is then boiled for one or two minutes. It is beautifully white and trans- 
parent, as well as very strong, and is consequently well adapted for fancy work requiring a colourless 
cement. 

Ordinary Paste.— Iheie are two distinct ways of making ordinary household paste (a) About 
a tablespoonful of wheat flour is mixed in a saucepan with say i pint of cold water, the latter beino’ 
added gradually and thoroughly incorporated by continual stirring ; the vessel is then put on the 
fire, and the contents are unceasingly stirred till they boil, great care being necessary to prevent 
their caking or burning on to the pot ; (6) The water is first heated to boUing, and the flour is then 
added with constant stirring ; to prevent the formation of lumps, the flour may be passed through a 
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sieve, 80 as to ensine its more equable distribution ; agitation is continued till the.beat has rendered 
the mass of the desired consistence, and, after a few moments’ further boiling, it is ready for use. 

To preserve paste from the attacks of insects, and to arrest its decomposition, it is well to add a 
small quantity of some antiseptic material, e. g. a few drops of carbolic acid, or oil of cloves, or a 
little powdered corrosive sublimate, camphor, or colocynth. Thus treated, and placed in coveted 
vessels, it will keep fresh for years. The addition of salt or brown sugar has a similar effect in a min or 
degree. Paste which has become hard or dry may be softened by beating up with a little hot 
water. With the object of considerably increasing the strength of paste, bookbinders, paper- 
hangers, and shoemakers usually add powdered rosin to the floru", in the proportion of i, or even J, 
of the weight of the latter; it is then known as “ hard paste.” Sometimes a teaspoonful of alum is 
introduced into each li pint of water, for the same purpose. 

Starch Paste . — The best method of preparing starch paste is as follows. The starch is satoated 
with cold water in a mortar, to produce a thick paste free from clots ; into this, is then poured a 
small stream of boiling water, till ” starch ” commences to form, which is recognized by the mixture 
becoming transparent ; the remainder of the water is then added, the total requisite quantity being 
twelve to fifteen times the weight of dry starch used. Heating the mass is useless. The addition 
of a little alum to the water helps to preserve the paste. 

Cementing Compounds. — The cements hitherto considered may be called simple, in con- 
tradistinction to the multifarious compounds which have now to be described. In the former, the 
adhesive virtue of one or more simple solid bodies is brought into play by the application of water, 
or heat, or both ; into the latter, is introduced a great variety of substances, some possessing 
cementing qualities, others serving only as carriers of the preceding, or as driers. These compounds 
may be very conveniently divided into two classes, to be called respectively “ resinous,” and 
“ non-resinous.” 

a. Sesinous . — Under the term ” resinous cementing compounds,” will be inclnded all those 
preparations which owe their cementing properties to the presence' of a resin, gum-resin, or gum, 
such as common rosin, indiarubber, guttapercha, gum arabic, &c. Compounds of this class are 
numerous, the best known being the following ; — 

Bottle-corks, for. — The black bituminous cement used for bottle-corks consists of pitch, hardened 
by the addition of brickdust and rosin. 

Chinese. — (a) For wood, glass, ivory, jewellery, and all fancy work : — finest pale-orange shellac, 
broken small, 4 oz. ; strongest rectified spirit (58 O.P.), 3 oz. ; digested together in a corked bottle 
in a warm place till dissolved, when the mass should have the consistence of treacle. This is one 
of the best cements for repairing glass, china, &c. It is so strong that pieces of wood cut obliquely 
across the grain and joined by it cannot be made to part at the juncture. Throughout the far East, 
it is used in joining bows, arrows, &o. ; the fluid is smeared over the faces fo be joined, a piece of 
very thin gauze is interposed, and the whole is pressed tightly together and thus left till the follow- 
ing day. Joints made with it will resist even the continual bending of a bow; it is invaluable for 
mending fishing rods, and similar articles. (6) Clean glass is reduced to a very fine powder, and 
passed through a silken sieve ; the powder is ground with white of egg on a stone slab, powdered 
glass being added till the required consislence is attained. It forms a very firm cement for glass 
and porcelain, vessels repaired with it breaking in a new place rather than at the joint, (c) Shellac, 
3 oz. ; borax, 1 oz. ; water, f pint ; the whole is boiled in a covered vessel till dissolved, then 
evaporated to the proper consistence. It dries slowly, but is cheap and useful. Druggists and 
oilmen often employ it instead of gum, for fixing paper labels to glass or tin, where exposed to 
damp. 

Cutlers’. — For fixing blades of knives in their handles, the hank of the blade is heated and 
pressed into the hole in the handle, which has previously been filled with one of the following 
compositions: — (a) Bosin, 4 parts; beeswax, 1 part; and brickdust, or plaster of Paris, 1 part; 
(6) Bosin, 16 parts ; hot whiting, 16 parts ; and wax, 1 part ; (c) Fitch, 4 parts ; rosin, 4 parts ; 
tallow, 2 parts; and brickdust, 2 parts. 

Elastic. — Bisulphide of carbon, 4 oz . ; indiarubber in fine shreds, 1 oz. ; isinglass, 2 drachms ; 
guttapercha, i oz. ; dissolve. Used for joining leather or indiarubber. The paits must be thinly 
coated with the solution, which is left for a few minutes to dry, and then heated to melting ; the 
parts are placed in close contact, and the air-bubbles are well hammered out. 

Electrical or Chemical Apparatus, for. — (a) A good cement for connecting the parts of chemical or 
electrical apparatus may be made by mixing 5 lb. rosin. 1 lb. wax, 1 lb. red ochre, and 2 oz. plaster 
of Paris, and melting the whole with moderate heat. (6) Black rosin, 7 lb. ; red ochre, 1 lb. ; plaster 
of Paris, ^ lb., well dried, and added while warm; then heated to a little above 100° (212° F.), and 
agitated together, till all frothing ceases and the liquid runs smooth ; the vessel is then removed 
from the fire, and the contents are stirred till sufficiently cool for use. 

Grinders’. — (a) Pitch, 5 parts ; wood ashes, 1 part ; hard tallow, 1 part ; melted together. 
(6) Black rosin, 4 lb. ; beeswax, 1 lb. ; melted; to these is added whiting, previously made red hot. 
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and while still warn, 1 lb. These are used for fixing pieces of glass, &o., while grinding, 
(c) Shellac, melted, and applied to the pieces slightly warmed. Used for lenses and fine work. 

Gum.— An aqueous solution of gum arabic and gum tiagacanth gives a good cement which wiU 
keep for a long time. 

Impervious. — An impervious cement for apparatus, corks, &c., may be made by rubbing up zinc 
white with copal varnish ; this is applied and left to dry, then covered with the same material mixed 
thinner, and lastly with copal varnish alone. 

Indianite.— (a) Finely- chopped indiarubber, 100 parts; rosin, 15 parts; shellac, 10 parts ; dis- 
solved in a sufficient quantity of bisulphide of carbon ; (6) indiarubber, 15 grs. ; chloroform, 2 oz. ; 
mastic, | oz. ; the first and second ingredients are mixed, and, when the rubber is dissolved, the 
mastic’is added in powder, and the whole is left to macerate for a week. These cements are used 
for uniting pieces of indiarubber. 

Indiarubber.— (a) Virgin or native indiarubber is cut with a wet knife into the thinnest possible 
slices, which are then divided by shears into threads as fine as small twine. A small quantity of 
the shreds (say ^ of the capacity of the bottle) are then put into a wide-mouthed bottle, and the 
latter is three-fourths filled with benzine of good quality, and perfectly free from oil. The rubber 
almost immediately commences to swell, and in a few days, if often shaken, it will assume the con- 
sistence of honey. Should it be inclined to remain in undissolved lumps, more benzine must be 
added ; thinness may be corrected by adding more indiarubber. A piece of solid rubber no larger 
than a walnut will make a pint of the cement. It dries in a few minutes, and, by using three coats 
in the usual manner, leather straps, patches, rubber soles, backs of books, &c., may be joined with 
great firmness. (6) Indiarubber, 8 grms ; chloroform, 600 grms. ; mastic resin, 150 grms. ; the india- 
rubber is dissolved in the chloroform, the mastic is added, and the whole is left to macerate for 
eight days, that being the time necessary for the solution of the mastic. The cement is applied 
cold on a brush, and is used for joining glass, (c) Very finely-divided indiarubber is melted at a 
temperature of 200"^ (392° F.) ; as soon as fusion commences, one-fifteenth the quantity of tallow or 
wax is added, taking care to watch the heat and to stir without ceasing. When the mass is com- 
pletely melted, lime, slaked and sifted, is added in small instalments, till it amounts to half the 
quantity of the indiarubber. The cement thus obtained is soft ; if the proportion of lime be doubled, 
the cement will be harder, but still supple. When the compound has acquired a suitable con- 
sistence, the fire is withdrawn, and the preparation is finished. This forms a good cement for 
heimetioally sealing vessels. It does not dry, and remains for a long time ductile and tenacious; 
but it may be made to harden, if necessary, by adding 1 part of red-lead to the quantities indicated 
above. 

Ivory, or Mother-of-Pearl, for.— Isinglass, 1 part, and white glue, 2 parts ; dissolved in water, 
30 parts ; the solution is filtered, and evaporated down to 6 parts ; to this is added gum mastic, 

part, dissolved in alcohol, ^ part ; and zinc white, 1 part. When required for use, it is warmed 
and shaken up. 

Jewellers’. — (a) Gum mastic, five or six pieces as large as peas, is dissolved in as much spirits of 
wine as will suffice to lender it liquid ; in a separate vessel, is dissolved, in rum or other spirit, as 
much isinglass, previously softened in water and strained dry, as wiU fill a 2-oz. phial with very 
strong glue, adding a little gum galbanum or ammoniacum, which must be rubbed or ground till it 
is dissolved. The whole is then mixed, under the influence of sufficient heat. It is kept in 
a closely stoppered bottle, which is placed in hot water when the cement is to be withdrawn for use. 
It will eflectually unite most substances, even glass to polished steel, and is principally used for 
joining broken pieces of china and glass, (b) The following is another mode of preparing the same 
ingredients ; — Isinglass, 1 oz. , in distilled water, 6 oz., boiled down together to 3 oz. ; to this is 
added strong spirits of wine, 1 i oz. ; the mixture is boiled for a minute or two, and strained; 
while still hot, it receives, first, milky emulsion of gum ammoniacum, J oz. ; then, alcoholic solution 
of resin mastic, 5 drachms, (c) Shellac, melted and run into sticks as large as quills. Used for 
joining glass, earthenware, &c. ; the edges are heated sufficiently to melt the cement, which is then 
applied, and the joint is made while the heat lasts, (d) Tears of gum mastic employed in the 
same way. (e) Shellac, 2 parts, Venice turpentine, 1 part ; fused together and formed into sticks. 
Used as the preceding. 

Labels, for. — Gelatine, 25 grammes ; sugar-candy, 50 grammes ; gum arabic, 12 grammes ; 
water, 100 grammes. After having macerated the gelatine in water, overnight, it is mixed with the 
sugar and gum arabic in a porcelain vessel, and heated over a spirit lamp, with constant agitation. 
Ebullition must be continued till the mass becomes quite fluid. The labels are coated with the 
liquid, and left to dry ; on moistening the coated surface, they will adhere strongly to glass and 
wood. 

Lapidaries’. — (a) Rosin, 1 lb., is melted, and to it is added dry plaster of Paris, 4 oz. Makes a 
very strong cement for rough purposes, (i) Rosin, tempered with beeswax and a little tallow, and 
hardened with whiting and red ochre, or Spanish brown. 
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Leather, for. — (a) Gnttapercha dissolved in bisulphide of carbon, to form a mass of faeacly con- 
sistence. This forms a good cement for splicing leather. The parts to be joined most be thihi;ed 
down ; a small quantity of the cement is then poured on each end, and spread so as to thoroughly, 
fill all the pores of the leather ; the parts are warmed over a fire for a few moments, applied quickly, 
and hammered well together. To preserve this cement, it should be tightly corked in a bottle, and 
kept in a cool place. (6) Guttapercha, 1 lb. ; indiarubber, 4 oz. ; pitch, 2 oz. ; shellac, 1 oz. ; 
linseed oil, 2 oz. ; melted together. It hardens by keeping, and needs remelting before 
application. 

Leather and Metal, for . — A cement for joining leather and metal may be made by melting 
together equal parts of asphalt and guttapercha, and applying the mass hot under a press. 

Marble, for. — The following curious composition is recommended for cementing pieces of marble, 
porcelain, or glass. About 100 snails are canght, and kept fasting for two months or less, taking 
care to clean them occasionally. They are then sprinkled with a little water to make them quit 
their shells, the excess of water being decanted as soon as they have come out. Thereupon is 
added a pinch of culinary salt, then the juice of four or five lemons, and a drop of vinegar, and the 
whole is beaten up together. The snails give off their mucus, which is collected, and intimately 
mixed, in a mortar, with 8 grammes of gum tragacanth, then 40 or 50 grammes of garlic juice, 
and 200 grammes of alcohol. The cement keeps quite opaque, and may be coloured to suit the 
materials to be joined. It is applied cold ; but the joint must subsequently be exposed to the sun 
or a fire. 

“Marine Glue.” — (d) Finely shredded indiarubber, 1 part; coal-tar (or mineral) naphtha, 
12 parts ; digested in a covered vessel with heat and agitation ; when the solution is complete, 
20 parts of powdered shellac are added ; the heating and stirring is continued till perfect lique- 
faction has taken place ; the fused mass, while still hot, is poured out on slabs of polished metal 
or stone, so as to form thin sheets. For use, it is heated to its melting-point, 120° to 121° (248° to 
250° F.), in an iron vessel, and applied, in a liquid state, with a brush. It is used by shipbuilders 
and others, (i) Indiarubber, 15 to 20 grains ; chloroform, 2 fl. oz. ; dissolved ; powdered mastic, 
J oz., is added. The cement must be kept well corked, and in a cool place, to prevent loss by 
evaporation, (c) Finely divided indiarubber, 1 part, is dissolved in naphtha oil, or crude naphtha, 
40 parts. The solution is not completed iu less than ten or twelve days, and, in order to facilitate 
it, the mixture should be repeatedly agitated. To it, is then added gum lac, in the proportion of 

2 parts by weight of lac to 1 part of solution. The compound is then placed in an iron vessel 
over a fire, and constantly thinned till it becomes bomogeneous. It is then poured on a cold 
surface, such as a slab of marble or a flag-stone, and left till cool, when it is broken up and put 
by for use. The indiarubber is sometimes omitted, in which case, the proportions will be 1 part of 
naphtha and 2 parts of lac. When required for use, the cement is heated at a temperature not 
exceeding 100° to 110° (212° to 230° F.), in a thick vessel of copper or cast iron, and is brushed in 
thin smd even layers on the surface to be joined ; these are then brought into close contact, and 
strongly pressed. If the surfaces are so wide that the cement becomes cool before the operation 
is finished, it is well to pass a hot iron — say at about 60° (140° F.) — over it. It is valuable, not 
only for repairing broken wood, but also for cementing the moulds used in foundries, for caulking 
ships, for joining blocks of marble or granite, and for uniting wood and iron. It can be made as 
hard as desired, by increasing the proportion of lac. With the addition of bichloride of mercury 
dissolved in wood spirit, this cement might, with economy, replace the copper sheathing of ships. 
Wood, iron, plaster, and brick, to which it is applied, assume a varnished appearance ; timber is 
rendered free from the attacks of insects and from liability to rot, and iron is preserved from 
rust. 

Metal or Glass, and Wood, to join. — (a) Bosin is melted, and into it is stirred calcined plaster 
till the mass is reduced to a paste, to which is added boiled oil, in sufficient quantity to bring it to 
the consistence of honey. It is applied warm. (6) Into melted rosin, 180 parts, are stirred 
burnt umber, 30 parts ; calcined plaster, 15 parts ; boiled oil, 8 parts. 

Metals and Glass, to join. — (o) Eosin, 4 to 5 parts ; wax, 1 part ; colcothar, 1 part ; the whole 
melted together. A little powdered plaster is often added. (6) Copal varnish, 15 parts ; drying 
oil, 5 parts ; turpentine, 3 parts ; essence of turpentine, 2 parts ; strong glue, 5 parts ; slaked Ume, 
10 parts : mixed, (c) Sandrach or gaUpot varnish, 15 parts ; boiled linseed oil, 5 parts ; turpentine, 
2J parts; essence turpentine, 21 parts; marine glue, 5 parts; pearl white, 5 parts ; dry carbonate 
of lead, 5 parts ; mixed, (d) Copal or lac varnish, 15 parts ; drying oil, 5 parts ; indiarubber or 
gnttapercha, 4 parts; coal oil, 7 parts; Boman cement, 5 parts; plaster, 5 parts, (e) Copal 
or rosin varnish, 15 parts; turpentine, 2J parts; essence of turpentine, 2J parts; fish isinglass, in 
powder, 2 parts ; iron filings, 3 parts ; ochre or rottenstone, 10 parts. These cements, especially 
the first, are much used for fixing metallic letters to glass, marble, or wood. The two following 
are particularly good for uniting brass and glass :—{f) Caustic soda, 1 part ; rosin, 3 parts; plaster, 

3 parts ; water, 5 parts ; the whole is boiled. This compound hardens at the end of half an hour ; 
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the ^rclemiig may be retarded by replacing the plaster by zinc white, white lead, or slaked lime. 

Z Vine litharge, 2 parts ; white-lead, 1 part ; copal, 1 part ; boiled linseed oil, 3 parts ; the whole 
•iturated together. 

Metals, Wood, and Indiarubber, to join. — Shellac is soaked in ten times its amount of strong 
liquid ammonia ; it takes about a month to completely dissolve. It has the effect of softening the 
surface of indiarubber before drying, and thus causes perfect adhesion. It is valuable for making 
steam-pipe connections with rubber washers. 

Naturalists’. — Consists of mucilage of gam arabic, thickened with starch powder or farina, with 
the addition of a little lemon juice. Sometimes the mucilage is used alone. This cement is 
employed by naturalists, for mounting specimens ; by artificial flower makers ; by confectioners, to 
stick ornaments on their cakes, &c. 

Plumbers’. — Black rosin, 1 part ; brickdust, 2 parts ; melted together, with the occasional 
addition of a little pitch or tallow. It improves and grows harder each time it is melted. Used 
by plumbers and by seal engravers, for fixing pieces of metal while cutting, and for securing seals 
and tools in their handles. 

Stone, for. — (a) Sulphur, 1 part ; yellow wax, 1 part ; rosin, 1 part the sulphur and rosin are 
melted, and the wax is then added. It is necessary to heat the surfaces to be united ; the cement 
is applied while still hot, and pressure is exerted till it is cold. (!>) Powdered gum arable, 2 parts ; 
finely ground white-lead, 2 parts ; pulverized sugar-candy, 1 part ; the three substances are placed 
in a small bottle with a wide mouth, a little hot water is poured on them, and the whole is 
stirred by a stick into a homogeneous paste. The cement must be kept in a closed vessel, and a 
little water may be added if it becomes dry. Before use, it must be well stirred, to prevent 
the white-lead collecting at the bottom. It is employed for joining fragments of minerals, 
fossils, &o. 

Stoneware, for. — Botany Bay (yellow) gum, 1 part ; brickdust, 1 part ; melted together. Em- 
ployed for stoneware, earthenware, &o. 

Turners’.— (rt) Rosin, | oz. ; pitch, | oz. ; beeswax, 1 oz. ; melted together ; fine brickdust is 
then added, in sufBoient quantity to produce the desired consistence. (6) Rosin, 2 lb. ; Burgundy 
pitch, 2 lb. ; dried whiting, 2 lb. ; yellow wax, 2 oz. ; mixed and melted together, (c) Black rosin, 
i lb. ; yellow wax, 1 oz. ; melted together, and poured into a tin canister. When required for use, 
as much is chipped out as will cover the chuck to a thickness of in., and is spread over in small 
pieces, mixing with it one-eighth of its bulk of guttapercha in thin shreds ; an iron, heated to dull 
redness, is tlien held over the chuck till the whole mixture is liquid ; the work is chucked, and placed 
under a weight for half an hour, when it may be put into the lathe, (d) Rosin, 4 parts ; pitch, 1 
part ; melted ; to the mass, is added brickdust, tilt the desired consistence is attained. 

Wood and Metal, Glass, or Stone, to join. — ^To a strong solution of glue, is added sifted earth, till 
the mixture has the consistence of varnish. The mass is applied, while still hot, to the surfaces to 
be united, and the latter are tightly compressed. 

i. Non-resinous . — Tlie group of “ non-resinons cementing compounds” embraces all those whose 
composition does not permit them to be included in any of the preceding classes. With the excep- 
tion of purely metallic cements, which have been already described as Solders (see Alloys), this 
concludes the list of cementing substances; — 

Architectural. — Strong rice-water size is mixed with paper which has been pulped in boiling 
water ; whiting is then added, in sufiBcient quantity to produce the desired consistence. 

Beale’s. — Chalk, 60 parts; lime, 20 parts; salt, 20 parts ; Bamsey sand, 10 parts ; iron filings 
or dust, 5 parts ; blue or red clay, 5 parts ; ground together, and calcined ; patented as fireproof. 

Bruyere’s.— Clay, 3 parts; slaked lime, 1 part; mixed, and exposed for three hours to full red 
heat, then ground to powder. Hydraulic. 

Building.— A mixture of clay or loam, broken pottery, flints, siliceous sand, or broken bottle- 
glass, and wood ashes ; exposed to considerable heat in a furnace till it partially vitrifies ; then 
ground to fine powder, sifted, and mixed with one-third its weight of finely powdered quicklime ; 
afterwards packed closely in barrels, and preserved from air and moisture. For use, it is mixed up 
with water. Resembles Roman cement. 

Caseine. — Instead of dissolving caseine in an alkaline carbonate. Dr. Wagner recommends the 
use of a cold saturated solution -of borax, or an alkaline silicate, for the purpose. The boracio 
solution of caseine is a clear, viscous liquid, exceeding gum in adhesiveness, and applicable to 
many uses as a substitute for glue. The chief cement used in the island of Sumatra is made from 
the curd of buffalo milk, prepared in the following way. The milk is left to stand till all the 
butter has collected at the top. The latter is then removed, and the thick, sour mass left is termed 
the curd. This is squeezed into cakes and left to dry, by which it becomes as hard as flint. For 
use, some is scraped off, mixed with quicklime, and moistened with milk. It holds exceedingly 
well, even in a hot, damp climate, and is admirably adapted for mending porcelain vessels. 

. Chinese.— Bullocks’ blood is mixed with one-fifth its weight of quicklime. It will scarcely 
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keep longer than for seven or eight days, when the temperature is elevated. For use, it is thinned 
by the addition of a little water. It is employed by bookbinders and trnnkmakers. 

Curd.— (a) Skimmed milk is curdled by the addition of vinegar or rennet, and is then beaten 
to a paste with powdered quicklime. (6) Skimmed milk, ^ pint ; vinegar, ^ pint ; mixed with the 
whites of five eggs ; the whole well beaten, and sufficient quicklime added to form a paste. These 
cements are used for mending glass and earthenware ; they resist water, and a moderate degree of 
heat. 

Earthenware, for. — Grated cheese, 2 parts ; finely powdered quicklime, 1 part ; white of egg, 
sufficient to form a paste when the whole is beaten up together. 

Egg. — Consists of white of egg thickened with finely powdered quicklime. It does not with- 
stand long exposure to moisture, except after subjection to heat. It is employed to mend china, 
glass, alabaster, marble, earthenware, &c. 

Gad’s. — Clay, well dried and powdered, 3 parts; oxide of iron, 1 part; mixed together, and 
made into a stiff paste with boiled oil. Used for work required to harden under water. 

Glass Flux. — Red-lead, 3 parts ; fine white sand, 2 parts ; crystallized boracic acid, 3 parts ; 
mixed and fused ; levigated, and applied with thin mucilage of gum tragacanth. The edges to 
be united must be heated, so as partially to fuse the cement. It is used for mending broken 
china, &c. 

Glass and Porcelain, to join. — Starch, 60 parts ; finely pulverized chalk, 100 parts, are made 
into a mixture with equal parts of water and spirit, with the addition of 30 parts of Venice tur- 
pentine, taking care to agitate the mass with a stick, so as to ensure its homogeneity. 

Glass, Wood and Metal, to join. — (a) Glue, melted with the least possible quantity of water, 
4 parts ; Venice turpentine, 1 part. It well resists moisture. 

Glycerine. — A mixture of glycerine and powdered litharge. It hardens rapidly, and is useful for 
vessels containing volatile bodies ; it is also an excellent cement for fixing iron on iron or stone, as 
well as for joining fragments of atone. 

Hensler’s.— Litharge, 3 parts ; quicklime, 2 parts ; white bole, 1 part ; all finely powdered ; then 
a quantity of linseed-oil varnish is added, sufficient to make a paste. This cement takes long to 
dry, but is very tenacious. It is used for china, glass, &c. 

Iron Pots and Pans, for. — Sulphur, 2 parts ; fine blacklead, 1 part ; the sulphur to be held in an 
old iron pan over the fire till it begins to melt ; the blacklead is then added, and the mass is well 
stirred till it has thoroughly melted and combined ; then poured out on an iron plate or smooth 
stone, and, when cool, broken into small pieces. A sufficient quantity of this cement placed on a 
fracture in an iron vessel can he soldered with a soldering iron. If a hole exist, it should be first 
closed with a copper rivet, and the cement applied over it. 

Labels, for. — (a) Corrosive sublimate, 125 parts ; wheaten flour, 1000 parts ; absinthe, 500 parts ; 
tansy, 500 parts ; water, 15,000 parts. This cement is useful for vessels which are kept in a damp 
place ; the addition of the sublimate retards the destruction of the labels, (fi) Starch, 100 parts ; 
strong glue, 50 parts ; turpentine, 50 parts ; the whole boiled in water. This cement dries 
quickly. 

Leather and Pasteboard, for. — Strong glue, 50 parts, is dissolved with a little turpentine in a 
sufficiency of water, over a gentle fire ; to the mixture, is added a thick paste made with 100 parts 
of starch. It is applied cold, and dries rapidly. 

Letter-fixing. — Copal varnish, 15 parts ; drying oil, 5 parts ; turpentine, 3 parts ; oil of turpen- 
tine, 2 parts ; liquefied glue, made with the least possible quantity of water, 5 parts ; melted together 
in a water- hath ; to this is added fresh-slaked lime, perfectly dry and finely powdered, 10 parts. 
This cement is used to affix metallic letters to shop-windows, &c. 

Marble. — ^Plaster of Paris is soaked in a saturated solution of alum, and then baked in an oven, 
just as gypsum is baked to convert it into plaster of Paris ; it is then ground to powder. For use, 
it is mixed up with water as wanted. It sets very hard, and will take a high polish. It is some- 
times used for uniting glass and metal. 

Marble, for. — Into a solution of chloride of zinc, sp. gr. 1 ■ 490 to 1 ■ 652, is introduced 3 per cent, 
of borax or sal-ammoniac ; when this is dissolved, oxide of zinc, which has been subjected to a red 
heat, is added, till the mass attains the desired consistence. This cement becomes as hard as marble, 
and may be used for moulding. 

Meerschaum, for. — (a) Garlic, crushed to form a sort of dough, is rubbed over the surfaces of the 
meerschaum to be united ; the latter are then bound tightly together with fine wire, and boiled in 
milk for half an hour. (6) Quicklime is mixed to a thick cream with the white of an egg. These 
cements will also join fragments of glass or china. 

Metals or Glass and Wood, to join. — Strong glue is boiled with water, and thickened with a suffi- 
cient quantity of sifted wood sawdust. It is employed hot. 

Metallic. — For joining metallic surfaces where soldering is inconvenient, recourse may be had to 
a composition formed in the following way : — Pure and finely divided copper, such as that obtained 
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by the reduction of sulphate of copper with zinc clippings, 20 to 36 parts, according to the degree of 
hardness desired in the cement, dissolved in a sufficient quantity of sulphuric acid to make a thick 
paste : with this is incorporated, by trituration in a mortar, mercury, 70 parts. The mass is soft, 
but hardens at the end of some hours. For use, it is heated to 100° (212° F.), and powdered in an 
iron mortar heated to 150° (302° F.) ; it then assumes the consistence of wax, and is harder in 
proportion as it contains more copper. It adheres strongly on drying. 

Porcelain and Glass, for. — Fresh poor cheese forms a good cement when dissolved in carbonate 
of potash or soda, and the liquid is evaporated until the mass exhibits the proper consistence. On 
replacing the alkaline carbonate by silicate of potash, a still better cement is produced, which is 
very effective for repairing glass and china. 

“ Stick-all.”^ — This is a solution of silicate of potash. Withont the aid of any other substance, it 
will securely unite fragments of stone, marble, wood, &c., and forms a valuable cement for repairing 
statuary. It suffices to brush the surfaces with the solution, and to press them firmly together. 

Stonemasons’. — Clean river sand, 20 lb. : litharge, 2 lb. ; quicklime, I lb. ; linseed oil, sufficient 
to form a thin paste. This cement is used for uniting fragments of stone ; after a time, it becomes 
exceedingly hard and strong. 

Universal. — Skimmed milk is curdled with rennet or vinegar, the whey is pressed ont, and the 
curd is dried as quickly as possible by a gentle heat. When quite dry, it is ground in a coffee or 
pepper mill, and triturated in a mortar till it is redneed to a very fine powder. This powder is mixed 
with 10 per cent, of new dry quicklime, also in very fine powder, and, to every ounce of this mixture, 
is added 5 or 6 grains of powdered camphor. The whole is well triturated together, and kept in well- 
corked, wide-mouthed bottles. When required for use, it is made into a paste with a little water, 
and applied immediately. It is employed to join glass, eartlienware, &c. 

Water, unalterable in. — (a) Good grey clay, 4 parts ; black oxide of manganese, 6 parts ; lime- 
stone, reduced to powder by sprinkling it with water, 90 parts ; mixed, calcined, and powdered. 
(6) Manganese iron ore, 15 parts ; lime. 85 parts ; calcined and powdered. Either of these cements 
requires to be mixed with a little sand for use; thrown into water, they harden rapidly, (c) Fine, 
clean sand, 1 cwt. ; powdered quicklime, 28 lb., bone ash, 14 lb. Beaten up with water for use. 
(d) Quicklime, 5 parts ; fresh cheese, 6 parts ; water, 1 part. The lime is slaked by sprinkling with the 
water ; thereupon it is passed tlirough a sieve, and the fresh cheese is added. The latter is prepared 
by curdling milk with a little vinegar, and removing the whey. The cement thus formed is very 
strong ; but it requires to be applied immediately, as it sets very quickly, (e) Fresh curd, as before, 
1 part; quicklime, Ipart; Eoman cement, 3 parts. Used for joining stone, metals, wood, 4c. (0 
A paste composed of hydraulic lime and soluble glass. 

liutes. (Fu., Zut ; Geb., Kitt.) 

A lute is a tenacious and ductile composition, becoming solid on drying, employed to secure the 
joints of vessels intended to be subjected to a corrosive influence, such as heat, water, steam, acids, 
gases, and to prevent the escape of liquid or volatile bodies. Lutes differ in their ingredients and 
modes of preparation according to the nature of the substance to be confined, and the degree of heat 
to be borne. The most useful are the following : — 

Acid-proof. — (a) A solution of caoutchouc in twice its weight of raw linseed oil, heated, and 
mixed with an equal weight of pipeclay, yields a plastic mass which will long remain soft under 
cover, and never completely hardens, so that it may be easily removed at pleasure. It resists most 
acids and bears the heat at which sulphuric acid boils. (6) Melted caoutchouc alone will answer 
well for securing joints against chlorine, and some acid vapours, (c) A mixture of china-clay and 
boiled linseed oil, in the proportions needed to produce the right consistence, (d) Quicklime and 
linseed oil, mixed stiffly together, form a hard cement, resisting both heat and acids, (e) A stiffly 
mixed paste of pipe-clay and coal-ter. (/) A cement which, according to Dr. Wagner, is proof 
against even boiling acids, may be made by a composition of caoutchouc, tallow, lime, and red-lead. 
The caontchouc must first be melted by a gentle heat, and then 6 to 8 per cent, by weight of tallow 
added to the mixture while it is kept well stirred; next, dry slaked lime is applied, until the fluid 
mass assumes a consistence similar to that of soft paste ; lastly, 20 per cent, of red-lead is added, in 
order to make it harden and dry. (y) A concentrated solution of silicate of soda, formed into a 
paste with powdered glass. (A) Kosin, 1 part ; sulphur, 1 part ; brickdust, 2 parts ; the wliole is 
melted after carefid mixing. This lute is proof against the attacks of nitric and hydrochloric acid 
vapours. 

Algerian.— Wood-ashes, 2 parts; lime, 3 parts; sand, 1 part; mixed, passed through a sieve, 
moistened with water and oil, and beaten up with a wooden mallet till the compound has acquired 
the right consistence. 

Almond paste.— (a) Ground almond cake, from whicli the oil has been expressed, is mixed up 
with an equal weight of whiting, and made into a stiff paste with water. It soon becomes very 
hard and tough. It is much employed for stills, retorts, &C., where the heat does not exceed about 
160° (320° F.) ; it is capable of resisting the fumes of volatile oils, spirits, weak acids, &c., for some 
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time. (6) Ground almond cake as before (or linseed cake) is added to starchi paste and gum- 
water. • 

Aquariums, for. — (a) Plaster of Paris, 1 gilt ; litharge, 1 gill ; fine white sand, 1 giU ; finely 
powdered rosin, ^ gill : well mixed, bottled and corked till required ; for use, it is mingled with 
boiled oil and driers till it is as thick as putty. It dries quickly. (6) Boiled linseed oil, litharge, 
and a mixture of red and white lead (the latter in excess), spread on a flannel, and placed on the 
joint, (c) Glue, 8 oz. ; dissolyed in Venice turpentine, 1 oz. ; boiled together with constant agita- 
tion till the mixture is complete ; the joints to be luted should be compressed for forty-eight hours, 
if necessary, (d) Gold-size, i gill ; red-lead, 2 gills ; litharge, li gUl ; silver sand, sufficient to make 
the mass into a thick paste ; sets in about two days. 

Bottle-corks, for. — (a) A paste composed of commercial silicate of soda and pulverized kaolin, 
with or without chalk, is applied to the corks and left to dry. (5) Eosin, 1 lb. ; tallow or suet, J lb.; 
melted together ; sufficient colouring matter is stirred in. (c) Eosin, 5 lb. ; beeswax, 1 lb. ; colour- 
ing, as last, (d) To 1 lb. of the last, is added finely powdered dry whiting, 3 oz. ; powdered burnt 
ochre, 4 oz. (or red bole, sufficient to produce desir^ red tint), (e) To 1 lb. of 6, or c, add ivory- 
black, sufficient to produce black colour. (/) Black pitch, 6 lb. ; ivory-blaek, 1 lb. ; whiting, 1 lb. ; 
melted together ; used in the same way as common sealing-wax on corks and bungs. 

Brimstone.— Melted brimstone, either alone or mixed with rosin and brickdust. It is cheap and 
useful. 

Cap. — (a) Eosin, 5 lb. ; beeswax, 1 lb. ; dried Venetian red, 1 lb. ; melted together. (6) Eed- 
lead and white-lead, equal weights ; preferable to white-lead alone, and may be depended on for 
any temperature up to 100° (212° F.). These lutes are used for chemical and electrical purposes, 
e. g. connections of glass tubes, necks of balloons, &c., in metal mountings. 

Chemical. — (a) Yellow wax, 4 parts; common turpentine, 2 parts; well-dried Venetian red, 
1 part ; melted together. Used as a temporary lute for the ends and joints of tubes which are not 
exposed to much heat, as is alkalimetry, &c. (6) Slaked lime is beaten up with white of egg; 
strips of linen are soaked in the mixture, and applied immediately, as it dries very rapidly, (c) 
Pulverized chalk, J part ; rye flour, 1 part ; white of egg, a sufficiency ; the whole is formed into an 
almost liquid mass, which is brushed over strips of linen, and the latter are applied to the joint ; 
an additional strip of linen is laid over them, and pressed with a hot iron, which dries the com- 
pound. 

Coppersmiths’. — Bullock’s blood thickened with finely powdered quicklime. Must be applied 
promptly, as it sets rapidly. Used imder the edges and rivets of copper boilers, &o. ; it is cheap 
and durable, and suited for many other purposes. 

Crucibles, for. — A mixture of powdered clay and brickdnst, made up with water, or a solution 
of borax. Used to join crucibles which are exposed to a strong heat. When mixed up with borax 
solution, the lute becomes a compact vitreous mass in the fire. 

Dihl’s. — A mixture of boiled linseed oil, litharge, and powdered china-clay. The whole is made 
into a paste, and applied with a trowel. The surfaces of the joint must previously be thoroughly 
cleaned and dried, or the lute will not answer ; it is useful in damp places. 

Engineers’. — (a) Ground white-lead is mixed with as much red-lead as will give the mass the 
consistence of putty. (6) White-lead and red-lead in equal weights, and boiled linseed oil, sufficient 
to produce the proper consistence. These compounds are applied by smearing them on a washer of 
hemp, yam, &o., placed betweefl metallic joints which are to be screwed up. They also answer well 
for luting the joints between stones, e. g. in cisterns, &c., and dry as hard as stone. 

Fat. — (a) Clay is dried, powdered, sifted, placed in an iron mortar, and incorporated with drying 
oil, added gradually, the whole being well beaten up till the mass assumes the consistence of a fime 
paste. It should be preserved under a coating of oil, to prevent it drying up. It resists the action 
of corrosive gases, but inconveniently softens by exposure to heat. (6) Plaster of Paris mixed with 
water, milk, or weak glue. Stands a duU red heat. 

Fireproof. — (a) Fine river sand, 20 parts ; litharge, 2 parts ; quicklime, 1 part ; linseed oU, suffi- 
cient to form a thin paste. Acquires a stony hardness. (6) Good clay, 2 parts ; sharp washed 
sand, 8 parts ; horse-dung, 1 part ; mixed thoroughly, and tempered like mortar, (c) Linseed, or 
almond meal, mixed to a paste with milk, lime-water, or starch-paste. Eesists a temperature of 
260° (500° F.). (d) Clay is puddled with water, and to it is added the greatest possible quantity 
of sand, which has been passed through a hair sieve ; the whole is worked up in the hands, and 
applied in coats more or less thick on vessels needing protection from the direct action of the fire. 

Fireproof and Waterproof. — (a) Thoroughly dried and pulverized clay, 4 or 5 parts ; fine iron- 
filings, free from oxide, 2 parts ; peroxide of manganese, 1 part ; sea-salt, J part ; borax, J part ; 
well mingled, and rendered as hard as possible, then reduced to a thick paste with the necessary 
quantity of water, and perfectly incorporated. It must be applied immediately, and, after appli- 
cation, should be subjected to heat, gradually increasing almost to whiteness. (6) Sifted peroxide 
of manganese, 1 part ; pulverized zinc- white, 1 part ; commercial soluble glass, sufficient to form a 
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thin paste. To be nsed immediately. These lutes become yery hard, and present a complete resist- 
ance to red heat and boiling water. * 

Glass, for. — (o) As a coating for glass vessels, to protect them from injury during exposure to 
fire, pipe-clay and horse-dung are made into a paste with water. This composition is applied by 
spreading it on paper ; it is used by pipe-makers, and will stand the extreme heat of their furnaces 
for twenty-four hours without damage. (6) Shredded tow, or plumbago, is substituted for the 
horse-dung. 

Iron. — A lute which is much used for closing the joints of iron pipes, and for similar purposes, 
is composed of the turnings or borings of east iron, which must be clean and free from rust, mingled 
with varying proportions of sal-ammoniac, flowers of sulphur, &c. For use, the mixture is stirred 
up with just enough water to thoroughly moisten it; and it is rammed or caulked into the joints 
with ordinary caulking tools, after which the joint is bolted together as tightly as possible. When 
the iron borings are very coarse, they are pounded down in an iron mortar, and the dust is sifted off 
before use. The various proportions employed are: — (a) Iron borings, 5 lb. ; sal ammoniac, in 
powder, 2 oz. ; flowers of sulphur, 1 oz. ; water, sufficient to mix ; (6) Iron borings, 12 lb. ; sal- 
ammoniac, 2 oz. ; sulphur, 1 oz. ; water, as in (a), (c) Iron borings, 7 to 8 lb. ; sal-ammoniac, 
2 oz. ; water, as before, (d) Iron borings, 4 lb. ; good pipe-clay, 2 lb. ; powdered potsherds, 1 lb., 
made into a paste with salt and water. The formula (a) is that most commonly used for ordinary 
purposes ; but formerly much more sulphur and sal-ammoniac were employed. The strongest lute, 
perhaps, is (c) ; but when the work is required to dry rapidly, as in the case of steam joints 
wanted in a hurry, the quantity of sal-ammoniac must be slightly increased, and a very little 
sulphur must be added. This addition causes quicker setting, but reduces the strength. The 
power of these lutes is dependent upon the oxidation and consequent expansion of the mass, there- 
fore the less foreign matters they contain, the better. They should be made up only as they are 
required, as they spoil rapidly ; when containing much sulphur, they may become quite hot in a 
few hours, and combustion has been known to take place in them when left together in quantity 
for a night. The formula (d) produces a lute that becomes very hard when allowed to dry slowly ; 
it is very suitable for repairing cracks in iron boilers, tanks, &c. (e) Finely sifted iron filings, 
60 parts ; finely powdered sal-ammoniac, 2 parts ; flowers of sulphur, 1 part. This powder is made 
into a paste with water, and immediately applied ; it soon sets as hard as the iron it is intended to 
lute. 

Laboratory. — This lute is composed of equal parts of pitch, rosin, and thoroughly dried plaster 
of Paris, It is used for the masonry of chlorine chambers, sulphuric acid works, &c., and as a 
lining for casks containing chloride of lime. 

Mahogany, for. — (a) Beeswax, 4 oz., melted, and to it is added Indian red, 1 oz., and yellow 
ochre, sufficient to produce the required tint, (b) Shellac, melted and coloured as (u). These 
compounds are used by cabinet-makers for filling up holes and cracks in mahogany furniture. 

Maissiat’s.— Indiarubber melted, either with or without about 15 per cent, of either beeswax or 
taUow ; quicklime in fine powder is gradually added ; and the heat is continued, untU change of 
odour shows that combination has taken place, and until a proper consistence is attained. It is used 
as a waterproof and airproof covering for casks. 

Marble, for. — Gum-lac is coloured to imitate the marble on which it is used ; sometimes the gum 
is mixed with marble dust passed through a silkeii siuve. It is used for stopping up holes, cracks? 
and leakages in marble vessels. * 

Mohi-’s.— Equal parts of pulverized brick and litharge are made into a paste with linseed oil. 
After application, a little fine sand is dusted over the lute, and it is dried in an oven. 

Oxychloride. Zinc-white is mixed with an equal volume of fine sand, and to it is added a slightly 
greater weight of a solution of ferrous chloride of zinc of 1-26 sp. gr. The whole is ground in a 
mortar, and the paste is applied to corks, after pressing them a little within the neck o^f the bottle. 

Plasters.— (a) Plaster of Paris, baked and ground, acquires great hardness and solidity when left 
for twenty-four hours, in contact with a solution of alum, and when, after drying in the air, it is 
submitted to a second baking. ,(5) StUl better results are obtained by enjoying an aqueous’ solu- 
tion containing of borate and of cream of tartar; the plaster, baked >nd in fragments, is 
plunged into this solution until it is saturated ; then it is calcined, and pulverized, (c) A mixture 
of silicate of potash, 100 parts ; carbonate of potash, 27 parts ; and water, 500 parts, may also be 
used. 

Putty for Windows.— (a) A mixture of boiled linseed oil, and whiting ; (6) the whiting is some- 
times replaced by white-lead, (c) Linseed oil, 1 part ; fine sifted sand, 10 parts ; finely powdered 
litharge, 1 part ; Spanish- white, 2 parts ; the linseed oil is boiled in an iron vessel, and the sand and 
litharge are added in small portions at a time. After some minutes’ ebullition, the fire is with- 
drawn, and the mass is ground in a mill, with the gradual introduction of the Spanish-white This 
lute wiU hold m wood, iron, and stone. Broken panes may be removed by passing the point of a 
hot iron over the joint. ° ^ 
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Bed-lead. — White-lead rubbed up with oil, 2 parts; red-lead, 1 part ; it is used for the joints of 
gas piping, steam engines, and of pumps. 

Serbat. — Sulphate of lead, calcined and ground, 72 parts ; peroxide of manganese, 24 parts ; 
linseed oil, 13 parts ; intimately mixed. This lute is soft, and will remain in that state indefinitely. 
For use, it only needs to be rubbed up between the hands. It may be advantageously employed in 
boilers, steam engines, &c. ; it sets perfectly, and does not soften under the influence of heat, but, 
on the contrary, becomes very hard, especially if care be taken to pass a hot iron over the joints. A 
sudden leak may be stopped immediately, by applying some of this lute under a hot iron. It is 
preferable to red-lead. 

Steam Boilers and Pipes, for. — (a) Dried and powdered clay, 6 lb. ; iron filings, 1 lb. ; made into 
a paste with boiled linseed oil ; used for stopping cracks and leaks in boilers, stoves, &c. (5) Litharge, 
in fine powder, 2 parts ; very fine sand, 1 part ; lime that has been allowed to slake spontaneously 
in a damp place, 1 part ; mixed, and kept from the air ; made into a paste with boiled oil, and 
used to mend cracks, and secure steam joints, (c) Good linseed-oil varnish ground with equal 
weights of white-lead, oxide of manganese, and pipe-clay, (d) Dry, powdered clay, 1 part ; clean, 
sifted iron filings, 2 parts ; acetic acid, sufficient to make a paste, (e) Dry, powdered clay, 8 to 10 
parts ; iron filings, free from rust, 4 parts ; peroxide of manganese, 2 parts ; sea-salt, 1 part ; borax, 
1 part ; water, sufficient to make a paste. (/) Sulphate of baryta, 1 part ; clay, 2 parts ; made up 
with solutions of silicate of potash, and borax ; it resists a very high temperature. (3) Finely 
powdered graphite, 6 parts ; chalk, or slaked lime, 3 parts ; sulphate of baryta, 8 parts ; boiled 
linseed oil, 7 parts ; the solid substances are mixed dry, then ground, and made into a paste with 
the oU. (A) Don filings, free from rust, 50 parts ; flowers of sulphur, 2 parts ; pulverized hydro- 
chlorate of ammonia, 1 part ; these substances are mixed with water or urine, so as to make a solid 
and homogeneous paste, which is used in the joints of steam boilers. The lute swells, becomes very 
solid, and perfectly closes the joints, (t) Don filings, 4 parts ; loam, 2 parts ; powdered sandstone, 

1 part ; made into a paste with salt water ; becomes very hard on setting, (j) A thick paste, com- 
posed of silicate of soda and iron filings ; the latter substance may be replaced by a mixture, in 
equal parts, of powdered oxide of zinc and peroxide of manganese. (A) Sand, 84 parts ; Portland 
stone, 166 parts; litharge, 18 parts; pulverized glass. O’ 90 parts: red-lead. O’ 45 parts; sub- 
oxide of lead, 0’90 parts; the whole rubbed up with oil. 

Vulcanized Indiarubber. — For the joints of small vessels, such as tubes, especially those of glass 
or earthenware, vulcanized indiarubber tubing, slipped over the joint and tM on both sides, will 
last for a long time. Flat rings or washers of the same substance are also good for still heads, 40, 
where the parts can be screwed up tightly. 

Water-gutters, for. — Tar, 1 part ; tallow, 1 part ; fine brickdust, 1 part ; the latter is warmed 
over a very gentle fire ; the tallow is added, then the brickdust, and the whole is thoroughly mixed. 
It must be applied while hot. 

Wood, Cracks in, for. — (a) Slaked lime, 1 part ; rye meal, 2 parts; made into a paste with a 
sufficient quantity of linseed oil ; (6) Glue, 1 part, dissolved in water, 16 parts ; when almost cold, 
sawdust and prepared chalk are stirred in to the requDed consistence ; (e) Oil varnish, thickened 
with a mixture of equal parts white-lead, red-lead, litharge, and chalk. 

Wooden Vessels, for. — A mixture of lime, clay, and oxide of iron, separately calcined, and 
reduced to fine powder, then intimately mixed, kept in a close vessel, and made up with the requisite 
quantity of water when wanted. 

Zinc. — A solution of chloride of zinc at 50° to 60° Beamne, and powdered chloride of zinc, when 
mixed, combine to form the insoluble oxychloride of zinc which solidifies into a hard, white mass. 

(See Alloys; Asphalt; Bones; Pigments; Besinous Substances ; Varnishes; Wax.) 

CHlCOaY, or SUCCORY. (Fb., Chicoree ; Geb., Cichorie, Wegwart.') 

The chicory of commerce is a product of the Chicorium intgbus, a plant of the dandelion family, 
closely related to the common endive. In its wild state, it is indigenous to Great Britain, occurring 
most frequently in dry, chalky soils, and commonly by the roadsides. It is also cultivated in this 
country to a small extent ; there are about 300 acres of land under chicory in Yorkshire, and about 
50 acres in Northamptonshire. On the Continent, its cultivation is much more general, and very 
large quantities are grown in Germany, France, Holland, and Belgium. With us, the plant is 
grown almost exclusively for its root ; abroad, the leaves also are utilized as salad, and for cattle- 
feeding. The leaves, too, on being treated like woad (see Dye-stuffs), yield a dye, which is 
extracted in some districts. Attempts have been made to introduce this useful vegetable into the 
United States, in Illinois. Long Island, California, and especially Wisconsin ; but the results have 
been universally unfavourable to its cultivation being followed, in spite of the heavy import duty 
on chicory brought into America. 

Cultivation. — The chicory plant thrives best upon a dry, deep, rich, loamy soil, with a clay 
subsoil ; heavy clay, sand, and wet lands are unsuited to it. The seed, 4-7 lb. to the acre, is sown 
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in drills, 10-15 in. apart. The time chosen is late March for a forage crop. May for a root crop. 
Such plants as run to seed must be pulled up, or they would spoil the market value of the bulb. 
When well up, the young plants are singled out like turnips, to distances of 6-9 in. in the rows, 
and need thorough cleansing from weeds. Abundant manure is required, as the crop exhausts the 
soil very much. The harvest commences in September, and may last all through the winter. 
Each root must be forked up singly, otherwise portions will be left in the soil, and will reappear 
in the following year. When gathered, the roots measure 1-3 ft. long and 2-4 in. thick, and 
should weigh about 3 lb. each. The yield is variously stated at 4-12 tons of the green root an 
acre ; the value of the green root is 20s.-50s. a ton, and the cost of cultivation varies from 31. 15s. 
to 41. 10s. an acre. The roots grown in England are said to be more woody than the Continental 
produce, and attempted heavy cropping is stated to impair the value of the root for grinding. 

Preparation . — In order to prepare the roots for market, they are washed, sliced up into small 
pieces in a turnip-cutter or similar machine, kiln-dried, and then roasted in iron cylinders, which 
are kept revolving after the manner of coffee roasters. In England, about 2 lb. of lard are added 
to every hundredweight of chicory while roasting; in France, butter is used. This imparts a 
lustre and colour resembling coffee. After roasting, the roots are spread out in boxes to cool, and 
when cold, are carefully picked over and ground fine in a mill. The ground chicory is bolted 
through sieves, and sorted into different sizes, the coarser powder being reground. The loss in 
drying amounts to 75-80 per cent, of the weight of green root, and that in roasting equals 25-30 
per cent, of the weight of dried root. 

The following analysis of grotmd chicory is from an American source : — 


Moisture 9 ■ 09 

Mineral salt 4 '20 

Extractive substances soluble in 

water .. 41'29 

Eesinous (gummy) extracts soluble 
in alcohol .. 5'22 


Dextrine (starch gum).. .. ., 6-12 

Saccharine matter 11 '36 

Caramel 2-10 

Cellulose (fibre) 19' 10 

Carbon 1-18 

EmpyTeumatic oils O' 04 


Chicory is intensely bitter, possesses heating and debilitating qualities, and is wholly destitute 
of any active principle in the least analogous to those of coffee, tea, and other dietetic drinks. Dr. 
Hassall states that it acts both as an aperient and as a diuretic ; where any disease of the kidneys 
exists, it aggravates such tendency, and in some instances leads to disease of those organs. A 
celebrated Viennese oculist has described a form of blindness which he considers to be due to a 
continual use of chicory. 

Uses — The only use to which chicory is applied in this country is for the adulteration of coffee, 
its old medicinal application having quite disappeared. In some parts of the Continent, notably 
Belgium, an infusion of chicory alone is largely used as a beverage. Destitute as it is of any 
valuable principle, it is difficult to account for the persistency with which chicory has been retained 
as an adulterant of coffee, now for more than a century, to the exclusion of almost every other mode 
of sophistication. The mixture of chicory with coffee is even legalized to the extent of 2 oz, of the 
former with 16 oz. of the latter, larger proportions only being considered as adulteration. Chicory 
is itself largely adulterated, the following substances being most frequently used for the purpose : 
— Peas, damaged corn, &c., roasted, ground, and coloured -with Venetian red ; parsnips, turnips, 
acorns, oak bark, baked bread, coffee husks, and many other substances. The most certain way to 
avoid the adulteration of coffee is to buy it in berry, always remembering, however, that patents (!) 
have been obtained for compressing a mixture of groimd coffee and chicory into the form of 
coffee berries. A simple way of detecting the presence of chicory in ground coffee is to sprinkle 
a little of the suspected substance on the surface of clear, cold water in a glass ; the coffee will 
float, while the chicory will sink. The two should be separately removed for examination under 
the microscope, when the difference of structure at once becomes apparent. 

Mercantile and Statistical Information. — The import duties on chicory, imposed on the 2nd of 
May, 1872, are 13s. 3d. a cwt. on raw or kiln-dried, and 2d. alb. on roasted or ground. The 
quantities imported, in 1878, were : — (1) Raw, or kiln-dried, 120,628 cwt., value, 76,5861. ; of this 
quantity, 95,351 cwt. were entered for home consumption ; the supplies were drawn chiefly from 
Belgium (106,171 cwt.), Holland (9699 cwt.), and Germany (4301 cwt.). (2) Boasted or ground, 
238,902 lb., value, 32021. ; of this quantity, 47,050 lb, were entered for home consumption ; the 
supplies were drawn chiefly from Belgium (171,383 lb.), Austria (46,216 lb ), Holland (10,021 lb.), 
Channel Islands (6335 lb.) A comparison of the imports for the years 1874 to 1878, inclusive, of 
raw or kiln-dried chicory gives the following figures : — 

Cwt. 

122,707 
105,135 
116,055 


1874 

1875 

1876 


1877 

1878 


Cwt 

109,207 

120,628 
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The quantities exported in 1878 were : — 

(а) Raw or kiln-dried — To all countries 

(б) Roasted or ground „ „ 270,790 lb. 

(c) Roasted or ground in bond — To United States .. 818,447 „ 

„ „ „ „ BritishSonth Africa 480,672 „ 

„ „ „ „ Australia .. .. 342,466 „ 

„ „ „ „ Other countries .. 114,407 „ 


694 cwt., value 622 
, 2968 
. 8153 
, 5454 
, 3884 
, 1262 


1,755,992 


£18,753 


The cultivation and preparation of chicory is assuming large proportions in the Australian 
Colonies. Tiie consumption in England, as compared with that of coffee, is 30-40 per cent. 

Bibliography . — Our Farm Crops,’ John Wilson ; ‘ Food and its Adulterations,’ A. H. Hassall : 
‘ Coffee and Chicory,' P. L. Simmonds. 

(See Beverages — Coffee.) 


CHIiOSATj. (Fa., Chloral; Gee., Chloral.) Formula C.HCljO. 

Chloral is a peculiar, oily liquid discovered by Liebig, in 1832 ; he obtained it by the action of 
chlorine upon alcohol. It is colourless, greasy to the touch, and possesses a pungent, ethereal 
odour. At 18°, it has a specific gravity of 1-502; at 94-4°, it boils, and distils over unaltered. 
It is soluble in water, alcohol, and ether. When dissolved in a small quantity of water, it forms a 
semi-solid, crystalline mass of chloral hydrate, which dissolves readily in a larger quantity of 
water. 

The preparation of chloral from alcohol is as follows : — A quantity of absolute alcohol is placed 
in a glass-stoppered retort, and dry chlorine gas is passed through it. The alcohol should be cold 
at first, but afterwards heated gently, until, when raised to the boiling-point, the chlorine gas 
comes through unaltered. The whole is then permitted to cool, when a solid, crystalline mass of 
chloral hydrate is formed. This mass is gently heated until it fuses, and is then shaken up with 
three times its volume of concentrated sulphuric acid. On the application of a gentle heat, a layer 
of impure chloral rises to the surface ; it is removed, boiled for some time, and distilled with an 
equal volume of sulphuric acid ; it is finally mixed with quick-lime, and redistilled, in order to 
remove traces of hydrochloric acid ; the operation is finished when the surface of the lime becomes 
dry. The chlorine should be introduced into the retort by means of a bent tube inserted in the 
tubulure. Another tube, which should be of considerable length, is connected with the stem of the 
retort, in order to carry away the fumes of hydrochloric acid, and to permit the volatUixed alcohol 
and chloral to recondense and flow back into the vessel. 

The hydrate, 0,1101,0 • H,0, is the more important compound, since it has lately received 
several applications in medicine. The following description of its preparation in quantity is 
given by Squire ; — 

Dry chlorine gas is passed for several days, through absolute alcohol, sp. gr. 0-795, until it 
becomes a thick, viscid liquid of sp. gr. 1-57. At the beginning of the operation, the alcohol 
is well cooled, to prevent inflammation and explosion ; but towards the end of the operation, the 
alcohol is heated nearly to the boiling-point. The resulting liquid, which, after a day or two, 
becomes a solid mass of crude chloral hydrate, is agitated with four times its bulk of concen- 
trated sulphuric acid, and the anhydrous chloral, which floats on the surface, is separated and 
purified by fractional distillation. The purified anhydrous chloral is placed in a still, mixed with 
11 per cent, of water, and distilled over chalk, to remove any hydrochloric acid that may be present ; 
the resulting solid distillate is then fused, and poured out into shallow vessels to cast into cakes. 
To obtain the hydrate in the purest form, it may be dissolved several times in pure bisulphide of 
carbon, and recrystallized. 

Hydrate of chloral is a white, solid, crystalline substance having a pungent, agreeable odour. 
When dissolved in water, and treated with caustic potash, it decomposes, forming chloroform and 
formiate of potash. When injected into the blood, it combines with the alkali present therein, and 
the same decomposition occurs, chloroform being liberated in the system. It is, therefore, a 
powerful narcotic, and is much used as a sedative and soporific. In Dr. Richardson's reports on the 
physiological action of this substance, presented to the British Association in 1869, 1870, and 1871, 
he states that 90 grains will produce a deep sleep, and that 140 grains is a really dangerous dose. 
The ordinary dose, taken internally, is from 10 to 60 grains. Its habitual use is much to be con- 
demned, since, when taken constantly, it exerts a most injurious influence upon the system, very 
similar to the effects produced by the habitual consumption of opium. The use of chloral and 
hydrate of chloral as anaesthetics was made the subject of a patent by Dr. Liebreich, of Berlin 
in 1869. 
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CHIiOB.IN’E. (Fe., Chlorine; Ger., Chlor.) Symbol, Cl ; combining weight, 35-5. 

This important element was discovered, in 1774, by Scheele, a Swedish chemist. Ita elementary 
character was first established by Sir Humphry Davy, in 1810. At ordinary temperatures, chlorine is 
a gas, having a yellowish-green colour (Gr. green), and an extremely pungent, irritating odour. 

It does not support respiration, unless abundantly diluted with air. Under a pressure of four atmo- 
spheres, at 15°, chlorine condenses to a mobOe, yellow liquid, having a density of 1'33. It has 
never yet been solidified. In tlie ordinary gaseous condition, it is two and a half times heavier 
than atmospheric air. 'Water dissolves twice its volume of chlorine gas, at ordinary temperatures,, 
and a still larger proportion if the temperature is lowered ; at 0°, a hydrate may be obtained in 
crystals. The aqueous solution possesses the colour, odour, and other general characteristics of the 
gas. Chlorine is a powerful bleaching agent, and is largely used for this purpose in the form of 
bleaching powder, or chloride of lime ; it is also very effective as a disinfectant. 

Chlorine is found widely distributed in nature, in the form of common salt, or chloride of 
sodium. This salt exists in enormous quantities in sea water, and in inland deposits, when it is 
termed “ rock-salt.” It also exists abundantly in combination with potassium, calcium, magnesium, 
and other metals. It may be obtained either by the action of sulphuric acid upon a mixture of 
common salt and peroxide of manganese, or of strong hydrochloric acid upon the peroxide alone. 
The former method is preferable when the gas is required in small quantity ; the proportions used 
are four parts of common salt, three parts of the peroxide of manganese, and seven parts of concen- 
trated sulphuric acid previously diluted with an equal volume of water. These are intimately 
mixed, and the mixture is placed in a fiask and heated gently. Owing to its extreme solubility, the 
gas cannot be collected under water ; it is best collected by downward displacement. 

In the method employed in alkali works for the generation of chlorine gas on a large scale, 
for the manufacture of bleaching powder, hydrochloric acid, having a specific gravity of 1-15, is 
gently heated with the powdered peroxide, chlorine gas, chloride of manganese, and water being 
formed. The details of the manufacture of chlorine, on a commercial scale, by this method have 
been set forth in the article on Bleaching Powder, to which the reader is referred. 


CHLOBOMETBY. (Fe., Chlorometrie ; Gee., Chlorhestimmnng.) 

Chlorometry signifies the methods by which the amount of free or available chlorine gas, con- 
tained in bleaching powder, and other disinfecting and bleaching agents, is determined. Commercial 
bleaching powder consists of & mixture, in variable proportions, of hydrochlorite, chloride, and hydrate 
of lime ; it is valued and sold in this country by the percentage of available chlorine. This percent- 
age is usually determined by a process known as Penot’s method, first proposed by Gay Lussac. It 
depends upon the fact that arsenious acid in solution is oxidized, by free chlorine, into arsenic acid, 
the end of the reaction being determined by iodide of potassium and starch paste. 

The arsenious acid is employed in the form of an alkaline arsenite, and is prepared in the follow- 
ing manner : — Dissolve 4 • 95 grm. of the purest sublimed arsenious anhydride, free from sulphide, in 
about 250 cc. of distilled water in a flask, with about 25 grm. of the purest crystallized carbonate 
of soda, free from sulphide, hyposulphite, or sulphite. The acid should be finely powdered, and 
the liquid needs boiling and shaking for some time, in order to complete the solution. 'When 
the arsenic is entirely dissolved, the solution is allowed to cool, and diluted carefully to 1 litre. 

The solution used to determine the end of the reaction is prepared by boiling 1 part of clean 
starch with 150 or 200 parts of water, adding a small quantity of iodide of potassium, and allowing 
the mixture to cool. Slips of ordinary filtering paper are moistened with this solution, as required, 
and used while still moist, when it is far more sensitive than the dried paper recommended by Penot. 
The operation of testing is then performed as follows 

The sample of bleaching powder is well mixed; 3 '55 grm. are weighed out, put into a small 
mortar, a little water is added, and the mixture rubbed to a smooth cream. More water is then 
stirred in with the pestle, allowed to settle for a few moments, then poured off into a 250 cc. flask, 
the sediment is again rubbed with water, poured off, and so on, repeatedly, until the whole of the 
powder has been conveyed into the flask without the loss of a particle, and the mortar and pestle 
have been washed clean. The flask is then filled to the containing mark with water, well 
shaken, and 25 cc. of the turbid liquid is taken out with a pipe, and transferred to a beaker with a 
little distilled water. The arsenious solution is then run in from a burette, until a drop of the mix- 
ture, taken out upon a glass rod and brought in contact with the moist starch-paper, gives no blue 
coloration. Towards the end of the operation, the arsenious acid must be introduced drop by drop 
very cautiously, until the colour is just discharged. 

The following table shows a comparison of the English and French chlorometrie degrees. The 
French degrees indicate how many litres, at 0° and 760 mm., are yielded by 1 kilo, of bleaching 
powder ; while the English degrees, which are also used in Germany, Russia, and America, show 
the percentage of “ active” chlorine : — 
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French 

Degrees. 

English 

Degrees. 

French 

Degrees. 

English 

D^rees. 

French 

Degrees. 

English 

De^ees. 

French 

Degrees. 

English 

Degrees. 

63 

20-02 

80 

25-42 

97 

30-83 

113 

35-91 

64 

20-34 

81 

25-74 

98 

31-14 

114 

36-22 

65 

20-65 

82 

26-06 

99 

31-46 

115 

36-54 

66 

20-97 

83 

26-37 

100 

31-78 

116 

36-86 

67 

21-29 

84 

26-69 

101 

32-09 

117 

37-18 

68 

21-61 

85 

27-01 

102 

32-41 

118 

37-50 

69 

21-93 

86 

27-33 

103 

32-73 

119 

37-81 

70 

22-24 

87 

27-65 

104 

33*05 

120 

38-13 

71 

22-56 

88 

27-96 

105 

33-36 

121 

38-45 

72 

22-88 

89 

28-28 

106 

33-68 

122 

38-77 

73 

23-20 

90 

28-60 

107 

34-00 

123 

39-08 

74 

23-51 

91 

28-92 

108 

34-32 

124 

39-40 

75 

23-83 

92 

29-23 

109 

34-64 

125 

39-72 

76 

24-15 

93 

29-55 

no 

34-95 

126 

40-04 

77 

24-47 

94 

29-87 

111 

35-27 

127 

40-36 

78 

24-79 

95 

30-19 

11-2 

35-59 

128 

40-67 

79 

25-10 

96 

30-51 






CLAYS. (Fr., Glaise ; Gee., Than.) 

Clays may be defined as hydrous silicates of alumina, mingled with more or less mineral im- 
purities, and coloured by metallic oxides and organic matters. Usually they are soft, sectile, and 
plastic, emitting, when breathed upon, a peculiar odour, known as “ argillaceous.” They chiefly 
occur as superficial deposits in river valleys, estuaries, dried lake beds, or in glacial drifts. Some 
of those found in the Tertiary formation are sufEciently plastic for use ; but the beds of the older 
formations, except a few in the Carboniferous, Lias, and Oolite, axe found to have acquired a slaty 
texture. There are several distinct varieties of clay, each possessing characteristics which fit it for 
a particular purpose. 

Brick-clay. — Clays fitted for the' manufacture of ordinary bricks, tiles, drain pipes, &c., are 
widely diffused ; but the most important aud extensive beds are those of the glacial or immediately 
post-glacial period. These clays are usually of fine texture, and coloured red, blue, grey, or yellow, 
according to the character of the formation whence they are derived, the colour being always due to 
the presence of foreign matters. Estuary silts, the Tertiary system, and the outcrops of the argilla- 
ceous beds of older systems also yield considerable quantities of brick -clay. It consists of a coarse 
and irregular admixture of silicate of alumina — pure clay — with sand, iron, lime, alkalies, and a 
few accidental impurities. Analyses of four varieties of good brick-clay from Dunfermline, Durham, 
Tullarone, and Portobello, reveal the following proportions of the principal ingredients : — Silica 
and sand : 61‘14,61'09, 66 16, 53'95; alumina: 13'54, 19’91, 16’08, 25’55; oxide ofiron,7‘57, 
6-75, 8-38, 8-06; lime, 1-90, 3-36, 1-88, 0-68: potash and soda: 1-54, 2-83, 1-83, 1-54. The 
clay must be free from large stones ; but a considerable quantity of sand is not objectionable, some 
clays containing so much as to bring the total percentage of silica up to nearly 90. An excess of 
iron, lime, or alkalies is liable to make the clay run into a glass during the process of baking. 
Before manufacture into bricks, &c., the clay undergoes a “ tempering,” or exposure to the weather, 
especially to frost, which much improves it. It is then carefully ground, and mixed with water, 
after which it is left to dry. 

China-clay. — This substance is also known as Kaolin, porcelain clay, and Cornish clay. It 
arises from the natural decomposition of felspar in soft disintegrating granite, gneiss, and porphyry ; 
the rocks which are rich in soda-felspar yielding it most abundantly. The main supplies of this 
country are derived from Cornwall and Devon ; in continental Europe, beds of good quality exist 
in France, Bavaria, Saxony, Prussia, Bohemia, Bornholm island, and Hungary ; in China, it is 
very plentiful: and in the United States, it occurs in many localities. 

The approximate composition of china-clay may be stated as silica, 47 • 2 ; alumina, 39 • 1 ; 
water, 13-7 per cent. Often a little iron, lime, and potash or soda are left in the prepared article, 
by the imperfection of the cleansing process. The most important characters are colour, plasticity, 
and a capacity for hardening under the influence of heat. 

The china-clay industry of Cornwall and Devon has been admirably described by J. H. Collins, 
F.G.S., in a paper recently read before the Society of Arts. 

Occurrence. — The natural clay rock is almost always covered with a thick layer of stones, sand, or 
impure and discoloured clay, known as “ overburden.” This capping often much resembles glacial 
drift ; but it never contains any scratched or glaciated stones, or travelled blocks. It varies in 
thickness from 3 ft. to 40 ft., and must, of course, be removed before the clay can be wrought. The 
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clay rock, being a decomposed granite, consists of china-clay, irregular crystals of quartz, and flakes 
of mica, with sometimes a little schorl and nndecomposed felspar. 

Extraction and Preparation. — The following descriptions apply, with more or less accuracy, to a 
majority of the larger works of the present day, turning out from 2500 to 8000 tons of clay each 
yearly. Two somewhat different methods are employed, according to the situation of the “ bed ” 
of clay, in relation to the surface contour of the immediate neighbourhood. The most general case 
is that in which the clay has to be raised from a veritable pit, the bottom of which is lower than 
the ground on all sides. The exact situation of the clay is first determined by systematic 
“ pitting,” to a depth of several fathoms, or occasionally by boring. A shaft is then sunk either in 
the clay itself, or, preferably in the granite close to the elay. From the bottom of this shaft, a 
level is driven out under that part of the clay which it is intended to work first, and a “ rise ” is 
put up to the surface, which should, by this time, be partially cleared of its overburden. A 
common depth for such a shaft will be from ten to twelve fathoms. As soon as the rise is completed 
to surface, a “ button-hole ” launder is placed in it, and the remainder of the rise is again filled up 
with clay. In the meantime, a column of pumps has been placed in the shaft, with an engine to 
work them, imless water-power is obtainable. 

For water, many works are almost entirely dependent upon that met with in sinking the shaft 
and in driving levels ; but, of course, this may be, and is, eked out by catching the rain-water in 
reservoirs, and by making use of such small streams as may happen to be available. A small 
constant supply is sufficient even for a large work, as it is used over and over again. The operation 
is begun by digging a small pit in the clay, aronnd the upper end of the button-hole launder, and 
running a stream of water over the exposed elay, or “stope,” which is broken up with picks. A 
very large quantity of sand is constantly disturbed, and as constantly shovelled out of the way, 
while the water, holding the clay and finer impurities in suspension, runs down the launder, along 
the level, and into the bottom of the shaft, from whence it is pumped up by the engine or water- 
wheel. 

As the excavation becomes larger and deeper, more overburden is removed, and the upper 
portions of the launder are taken away, until at last the stopes reach the level, when the launder is, 
of course, no longer required. At first, the sand is thrown out by one or two “ throws,” but very 
soon it becomes necessary to put in an inclined road, for pulling up the sand in waggons ; these 
are worked by a horse-whin, or by winding gear attached to the engine or water-wheel. As there 
are from three to eight tons of sand to each ton of clay, its removal, in the cheapest possible manner, 
is a matter of great importance. Any veins or lodes of stone, or discoloured portions of clay, are 
raised from the “ bottoms ” in the same way as the sand. The stream of water, holding in suspension 
clay, fine sand, and mica, is, in well-arranged works, lifted at once high enough to allow of all 
subsequent operations being carried out by the aid of gravity. The stream is first led into one or 
two long channels, the sides of which are built of rough stone. In these channels, called “ drags,’* 
the current suflFers a partial check, and the fine sand and rougher particles of mica are deposited. 
From these drags, the stream passes on into other channels much resembling them, but of greater 
number, so as to divide the stream still further. This second series of channels, known as “ micas,” 
are often built of wood, but sometimes of stone. They differ in no essential respect from the drags, 
but are more carefully constructed and better looked after, and, as the stream is greatly divided 
and very gentle, the fine mica is deposited in them. The micas are often about 1 1 in. wide, ten or 
a dozen in number, and 100 ft. or more long. Provision is made, by underground channels and 
plug holes, for the periodical cleansing of the drags and micas. This may have to be done twice 
a day, but generally only once. The deposit in the drags is worthless at present, and is always 
thrown away ; but that from the micas is often saved, and sold as inferior or “ mica ” clay. The 
refined stream of clay then passes on to the “ pits,” which are circular, 30 to 40 ft. diameter and 
7 to 10 ft. deep. These pits are built of rough masonry, and have an outlet at the bottom, opposite 
the point at which the stream of clay-water is admitted. This outlet is stopped by a gate or 
“ hatch,” or by a plug, and is kept closed until the pit is full of clay. In each outlet, however, is 
fixed an upright launder some 4 in. square, provided with “ pin-holes” and wooden pins set close 
together. As the stream of clay enters on one side, it is constantly depositing its burden, and the 
water is as constantly drawn off nearly or quite clear from the pin-holes, the pins being put higher 
and higher as the clay rises in the pit. The effluent water is conducted directly to Tmall storage 
reservoirs, and thence over the clay stopes, whence it does its work over again. When the stream 
of clay-water enters the pits, it contains from to 3 per cent, of clay ; and what is called a good 
washing stream will carry about one ton of clay an hour. When the pit is full, the “ hatch” is 
draw, and the clay is “ landed ” into the tank. The upper portion is sufficiently fiuid to run in 
of itself; but that near the bottom has to be helped out by men using “shivers” of wood or 
iron, which resemble large hoes; they are assisted by a small stream of water. The tanks are 
commonly, but not always, rectangular, built of stone, and paved with stone at bottom often 60 ft. 
by 30 by 6, or larger. Once in the tank, the clay is left to settle, until it has the c<insi8tency of 
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cream cheese, the water being drawn off from time to time ; it is then ready to be trammed into 
the “ dry.” 

The dry is a large building erected in immediate proximity to the tanks. It is always composed 
of two parts, the dry proper and the “ linhay.” The floor or “ pan” of the dry is composed of fire- 
clay tiles 18 in. square, 5 or 6 in. thick at the fire end, and gradually thinning off to 2 or 2i in. at 
the stack end. The flues are built of fire-brick about 14 in. wide, 2 ft. deep at the fire end, and 
9 in. deep at the stack end. Each flue should be supplied with a damper. The furnaces are built 
in and arched over with best flre-brick ; the fire bars run longitudinally, and are about 6 ft. long. 
The grate surface is about 2 ft. 6 in. wide in front, and 4 ft. 6 in. to 6 ft. at back, according as each 
furnace supplies three or four flues. The clay, brought in from the tanks in tram-waggons 
holding about half a ton, is tipped on to the tiles, and spread in a layer from 9 in. thick at the fire 
end to 6 in. thick at the stack end. The fire end is loaded and cleared every day; the other end 
perhaps twice or thrice a week, according to the length of the dry, thickness of tUes, perfection of 
draught, &c. An average size for a first-class dry is perhaps 15 ft wide and 120 ft long; but 
some have been constructed considerably larger than this. The pan of the dry should be 6 or 8 ft. 
above the linhay whenever possible, so as to afford storage space for the dry clay, without 
expending labour in piling. The tiles should be as porous as possible, for very much more water 
passes through the tiles and into the flues than is driven upwards in the state of steam. The 
temperature should never be allowed to rise so high that the workmen cannot walk on the tiles, 
otherwise the clay may become baked and damaged. 

In cases where there are no means of artificial drying, as at some old-fashioned works, the thick 
clay is at once transferred from the original settling pit to shadow depressions in the ground, called 
“ pans.” Ten or twelve of these, each holding from 40 to 50 tons, should be provided for each 
settling pit ; they measure from 20 to 40 ft. square, and 2 ft. deep, and are enclosed by granite walls, 
the interstices of which are rendered impervious by plugging with moss. The clay, filling two- 
thirds of their depth, is here left exposed to the sun and wind, by which it is partially deprived of 
its moisture. In order to complete its desiccation, the clay is removed from the pans, after three or 
four months’ exposure. A number of parallel incisions are made lengthwise in the clay, by means 
of a knife attached to a long handle ; the strips are next divided transversely, by men with spades, 
who throw the blocks on to a board, upon which they are borne by women and children to the 
sandy drying yard, where, in fine summer weather, they soon become dry. They are then collected, 
and piled away in sheds, under a number of thatched gates or “reeders,” or are placed in some* 
sheltered position, where air can circulate around them without their becoming wet from rain. 
When required, the blocks are scraped by women armed with hoes, before being despatched from 
the works. The transport is often effected in small casks, holding about half a ton. A few years 
since, a machine for drying china-clay was invented by a mechanical engineer, named Leopoldo 
Henrion, of Sarapierdacena, near Genoa. It is said that, by its use, the operation can be effected in 
a few hours, at a relatively small cost. 

Collins was first led to adopt his arrangement in consequence of the formation of the ground ; 
but he is inclined to recommend it in most cases if practicable. Very large quantities of stone 
are required in the dry pits, tanks, &c. Very often this is got, in part or entirely, in the process 
of excavating the pits, &c. ; but if it cannot be so obtained, a very serious expense will be 
incurred, in some instances amounting to several thousand pounds. The total cost of the works may 
even be doubled from this cause, if stone has to be fetched from a distance of several miles. Two 
modes of building with rough stone are adopted ; they are known ns ” lime building,” and “ dry stone 
walling.” The first needs no special remark, but the second is very ingenious and very effectual. 
The wall is built up double, with a batter of about f in., or 1 in. to the foot. Moss is placed 
between the joints of the wall, and the space between is filled in with sharp sand^the refuse of 
that or some other clay works. A small stream of water is then made to flow over the sand, which 
is well beaten in with rammers, or by treading with the feet. This process is continued, a foot at a 
time, till the wall reaches the required height, when it is either paved with rough stones set on 
edge, or turfed. A wall properly buQt, in the manner just described, is quite impervious to 
moisture, and will stand for fifty years or more. It is, where the proper kind of sand is abundant, 
much cheaper than lime walling, and is always preferred for the walls of pits and tanks. 

Where the bed of clay is situated on a hill-side, with plenty of space below, a tunnel is driven 
in from the hill-side or from the valley to the required depth, and a rise is put up as before. This 
rise is then divided off into two parts. In the smaller, a button-hole laimder is placed as before 
and packed around with clay ; but the larger is left open. A stream of water, obtained by pumping 
or otherwise, is made to run over the stope, and down the button-hole launder. It then flows alon"- 
a launder placed in the bottom of the level, until it makes its exit in the valley. It may then be 
purified, settled, and dried exactly as already described — the works being laid out at a lower level 
than the adit ; or, if the clear water is wanted to flow over the stope, or it is, for any reason 
necessary to place the pits and tanks at a higher level than the slopes, the water is pumped up 
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after partial or complete pnriflcation. The main difference in this mode of working is that, instead 
of pulling the sand and rubbish up over an incline, it may be tipped down the pass into waggons, 
run out through the level, and tipped over the hill-sides. In cases where water is abundant, it 
may even be washed out at night, thus saving the expense of tramming. Of course, when the 
workings have reached their full depth, the rise and the launder are dispensed with, and the adit 
level communicates directly with the “ bottoms.” By this mode of working, a considerable economy 
may be effected, especially when it is not necessary to pump the clay water for settling or 
repeating. 

Uses. — The first use to which china-clay was applied was the manufacture of porcelain, and this 
is still popularly believed to be its sole application. This, however, is by no means the case, 
probably little more than one-third of the clay now produced is so employed. Large quantities are 
used by bleachers, for filling up the pores of calicoes as a dressing, and still larger quantities by 
paper-makers, to give “ body ” and weight to the paper, especially to printing papers. The manu- 
factures of alum, sulphate of alumina, and ultramarine, consume very large quantities annually. 
Small quantities are taken by photographers, manufacturing chemists, and colour-makers, for a great 
variety of purposes ; and, if reports are to be believed, it has been devoted to the adulteration of 
flour and of artificial manures. Should low prices be maintained, its use will, no doubt, be still 
more largely extended, in directions as yet imsuspected. The use of china-clay in the sizing of 
calicoes and other goods appears to have a very objectionable feature, apart from the question 
of fraud, inasmuch as the dust created, and the materials used to make the clay adhere to the 
warps, are productive of serious illness iu the weavers. For further information on this subject, 
the reader may refer to the ‘ Jornnal of the Society of Arts,’ vol. xx., pp. 625, 6110. 

Cost of Prvduction.—-yfheK the conditions of production vary so greatly, there must necessarily 
be great differences of cost ; but, after having been at some pains to determine the cost under 
average conditions, Collins thinks the following figures and statements may be relied upon. A 
work capable of producing say 4000 tons of clay yearly will cost from 25001. to 50001. To get the 
clay in the linhay ready for the market, will cost about 9s. a ton, of which about 2s. Gd. must be 
expended in fuel for pumping and drying. Is. in removing overburden. Is. in removing sand, and Is. 
for management and ofilce expenses, leaving 3s. Gd. as the net labour cost of washing and drying a 
ton of clay. To the 9s. net cost of clay, must be added an average of 3s. for royalties, 4s. for transit 
and placing on board ship, and Is. for agencies, commission, bad debts, and sundries, making the 
average actual cost amount to 17s. Some favourably situated works can no doubt save two or even 
three shillings on this account ; in others, the cost may amount to 20s. or oven 22s. As to the 
selling price, this varies much inore widely than tlie cost of production, ranging from 14s. to 35s. 
f.o.b. Clays sold at the lower rates are unremunerative. 

Nature and Utilization of Vl'aste Products. — Besides the clay proper, there are certain waste or 
pseudo-waste products, produced in very large quantities. These are as follows : 

Fine mica. — This is deposited in the “ micas a few years since, it was thrown away or rather 
washed away, as is still the case in many works. Sometimes, however, it is collected, dried in the 
manner of clay proper, and sold to the makers of soft jiaper, paste-board, inferior pottery, &c., at a 
low price. 

Coarse mica. — This is invariably washed away or thrown away, there being at pre.sent no demand 
for it. It, however, contains a very beautiful material, which might be applied to many ornamental 
purposes. 

Sand. This consists of broken quartz crystals, mostly white or pale brow^ni.sh ; when washed 
clean, it is the finest building sand known, as the angles are all sharp. Mixed with one-ei^dith of 
Portland cement, it forms a concrete as haid as stone. 

Discoloured clay. — This has to be dug out from among the good white clay iu many places. It 
has been successfully used iu the manufacture of white bricks, for building purposes. In some 
instances, a quantity of the sand already mentioned is mi.xed with the refuse clay, and produces an 
excellent fire-brick. The same material is used in the manufacture of the tiles used as a floor for 
drying the clay. The manufacture of bricks and tiles from tliis debris is a growth, it is believed, 
of the last twelve years. 

Overburden.— The upper part of this consists of soil, or “ meat earth ” ; this is usually removed 
and carefully preserved. Underneath is a hard, often stony or sandy layer, which, in districts 
where tin is worked, often contains enough tin to pay for washing. With this stony or sandy 
layer, is usually a considerable thickness of discoloured clay suitable for brick-makin>r. 

Branches. These are stony veins which run through the clay stopes in various directions. 
Sometimes they are quite worthless ; but, in a few Instances, they are veritable tin lodes, and 
contain enough tin to pay for stamping and dressing. Thus at Carclaze, near St. Austell, each 
1000 tons of clay yields something like one ton of oxide of tin, and formerly the proportion was much 
greater. The proportions of these waste materials as compared with the fine clay procured are 
thus stated : — 
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For every one ton of fine clay there ia removed — from 3 to 7 tons of sand, average about 3J tons ; 
from 2 to 5 cwt. of coarse mica, average 3 cwt. ; from 1 to 3 cwt. of fine mica, average 2 cwt. ; from 
0 to 1 cwt. of stones, average J cwt. 

A cubic fathom of clay rock, of average quality, will yield about 2J tons of fine clay ; and about 
half a fathom of overburden must be removed to get it. 

Suggested Improvements in Preparing. — Collins thinks that there is still much room for 
improvement in the preparation of china-clay, but that such must be a growth of time and 
circumstances. At the present time, about one ton of water has to be driven off from each ton of 
clay in the dry, and this uses at least 2 cwt. of coals on an average, and costa from 8d. to lOd. in 
labour. In a few modern drys, a small economy in fuel has been effected by lengthening the kiln ; 
but in none has it been brouglit so low as IJ cwt. to the ton of clay. Mr. Stocker, in 1862, 
suggested the use of filter beds, and also devised a centrifugal dryer; but neither of these 
contrivances has come into use, and the first would seem quite inapplicable, on account of the 
extreme fineness of the particles of clay, and the impermeability of even a thin layer of that 
substance. Some economy might perhaps result from the use of hydraulic filters of calico, such as 
are used in the potteries for drying the slip ; but it is very doubtful if any saving would be 
effected, as the labour would be about the same, and, against the 2s. a ton for fuel, would have to 
be placed the wear and tear of the calico. In washing the clay from the stope, some benefit might 
accrue from the use of a jet of water under a pressure of from 50 to 100 lb. per square inch, as in 
the so-called hydraulic mining. This could only be applied to stopes of even qualify, where very 
little picking out of inferior portions was required; but it would supersede the services of the 
“ breakers ” on the stope, and_ greatly lessen the labour of the washers. It is but rarely that 
a natural head of water is obtainable equal to the required pressure ; but where machinery is used 
for pumping, the additional cost of pumping, say 250 gallons a minute to a height of 150 ft. 
in a standpipe, would be very slight, as the extra power required is little more than that of one 
horse. 

Statistics. — From statistics obtained from many sources, it is evident that the production has 
very largely increased from 1809 to 1874 — 2919 tons against 226,309. In 1810, Trethosa (one of 
the largest works) produced 300 tons per annum, and employed thirteen persons, viz. eight in 
removing burden and raising (breaking) clay (at per fathom), three washing, two attending ponds 
aud packing. In 1874, one of the largest works near St. Austell produced 9000 tons, employing 
about thirty men. Many works produced 6000 tons, employing twenty men. The quantity 
sent annually from Cornwall must average at least 150,000 tons. It goes not only to Staffordshire, 
but also largely to France, Belgium, and other foreign countries. The extensive clay works recently 
opened in several departments of northern France have done much to curtail the export of Cornish 
clay to that country ; and the large deposits of the island of Bornholm have lately been worked upon 
to supply the needs of Denmark, Sweden, and Germany ; while similar utilization of native clays 
has been carried out in America. Nevertheless, the growth of home industries which depend in a 
measure upon this article will, doubtless, counteract the influence of decreasing exports. 

Artificial China-clay. — The principal supplies of china-clay are obtained, as has been described, 
through the agency of natural decomposing influences in granitic rocks. In one instance, however, 
at Betleek, County Fermanagh, it is procured by calcining the red orthoclase granite of the 
district. The felspar is whitened by the process, and the iron becomes separated in a metallic 
state, and is removed by magnets. 

Fire-clay. — The fire-clays are so named from their great fire-resisting properties. Unlike 
most of the other clays, which occur chiefly^ in surface beds, fire-clay is derived exclusively from the 
coal-measures, where it commonly forms the floor or “under-clay” of coal seams, varying in thick- 
ness from 1 to 4 ft. Fire-clays are abundant in Great Britain, the principal works being situate in 
the counties of Stafford, Worcester, Northumberland, Durham, Lanark, and Mid-Lothian. The 
essential qualities of a fire-clay are a uniform texture, a somewhat greasy feel, and the presence of 
only very small proportions of lime, iron, alkaline earths, or other impurities that would cause it to 
yield to intense heat. Nevertheless, considerable variety of composition is manifested by fire-clays, 
taken even from different parts of the same seam. Samples taken from Newcastle, Glasgow, 
Dowlais, Cool Island, Stanuington, and Howth, showed the following maximum and minimum 
percentages of the principal ingredients ; — Silica, 67-96 to 43-00 ; alumina, 40-9 to 21-18 ; oxide 
of iron, 8-4 to 1-19 ; water, 15-1 to 3-14. The celebrated Stourbridge clay contains : — Silica, 60 
to 66 ; alumina, 25 to 31 ; oxide of iron, 2 to 6 per cent. Most fire-clays exhibit impressions and 
carbonized remains of plants. 

Extraction and Preparation.— The beds are worked by the same shafts and levels as the coal 
seams, except where their outcropping admits of open quarrying, which is rarely the case. After 
extraction, the clay is first exposed in spoil heaps, over the greatest available area, for from three to 
eighteen months, according to the season. The action of frost is very serviceable in disintegrating 
the tough lumps. In dry weather, frequent watering is necessary ; in wet weather, three months’ 
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exposure may suffice to render it “ mellow,” or “ripe,” as it is called when it falls to powder. It is 
next ground in “ edge-runner ” mills, and carried on endless bands to the “ riddles,” whose mesh 
Tariea according to the destined application of the clay — 1 to 6 for fire-bricks, 6 to 10 for fine 
cement clay, and 12 to 14 for glass-house pot-clay. The pieces that will not pass through the riddle 
are carried back on an endless band, to be reground. After being riddled, the clay is “ tempered,” 
or brought to the proper degree of plasticity, by the addition of water, and is then thoroughly 
stirred and kneaded in a “ pug-mill,” to fit it for moulding. 

Uses. — Fire-clay is applied principally to the manufacture of a variety of articles which are 
required to withstand great and long continued heat, such as bricks and “ lumps,” for furnaces) 
fire-grates, ovens, retorts, flues, and the linings of fireproof safes, also smelting pots, crucibles, &c. 
For sewage pipes, it is quite equal to any other material employed, and, perhaps, superior on the 
score of durability. 

Statistics. — According to Hunt’s Mineral Statistics for 1878, the total production of fire-clay in 
the United Kingdom exceeded two and a quarter million tons ; of this quantity, Durham and North- 
umberland yielded over 350,000 tons, and Scotland nearly as much ; Staffordshire, 180,000 ; York- 
shire, 100,000; Lancashire, 60,000; Denbighshire, 23,000; Cumberland, 23,000; Shropshire, 
17,000; Leicestershire, 15,000; Glamorganshire, 15,000. 

Meerschaum. — This mineral is a hydrous silicate of magnesia, occurring in veins, or iu 
uniform nodules, whose size varies from that of a nut to a cubic foot or more, in the serpentinoiis 
rocks of many countries, but chiefly at Kilcliik, Eski-Shehr, and Broussa, in Asia Minor, in the 
island of Negropont, and at Baldisaero, in Piedmont. In 1872, the discovery of a bank of excellent 
quality was announced from Southern California. Its approximate composition is — Silica, 60 ; 
magnesia, 28 ; water, 12 per cent. ; it seems to arise from the decomposition and waste of the 
carbonate in older rocks. 

Extraction and Preparatim. — The deposits at Eski-Shehr are worked by pits and galleries at a 
depth of 4 to 5 fathoms. When freshly exhumed, the mineral is covered with red, oily earth, and 
is so soft as to be easily cut by a knife. After being scraped, to remove this coating, it is dried in 
the sun for five or six days, or in a hot chamber for eight or ten days, again scraped, and then 
polished with wax. It is then sorted into ten different grades, and is carefully packed with wool 
in boxes for export. 

Uses and Statistics. — The common kinds are used in the manufacture of porcelain, and the fine 
qualities are consumed by the tobacco-pipe makers. The annual export from Asia Minor is said to 
reach 8000 to 10,000 boxes, representing a money value of about 100,0001., principally to Vienna 
and German towns. 

Abtificial Meekschacm. — A cheap artificial imitation of meerschaum is made from gypsum, 
hardened, treated with stearic acid or paraffin, polished, and coloured by a solution of gamboge and 
“ dragon’s blood.” Meerschaum pipes are said to be now manufactured in France from potatoes. 
The latter are peeled, and placed in a mixture of 8 parts sulphuric acid and 100 parts water, for 
36 hours, whereby they become black. They are next dried by blotting-paper, and submitted to 
pressure, becoming thereby a material which can be easily carved. The counterfeit is said to be 
excellent. 

Pipe-clay. — This is another variety of fine, plastic clay, so named from its application to the 
manufacture of tobacco-pipes. It is found in the counties of Cornwall, Devon, and Dorset, whence 
some few thousand tons are annually exported to France, Belgium, Holland, &c., besides that for 
home consumption. The composition of pipe-clay resembles that of china-clay, except that there is 
a preponderance of sihca ; it may be approximately stated as silica, 54 ; alumina, 32 ; water, 12 ; 
oxide of iron, lime, and magnesia, traces. The analysis of a light and a dark coloured sample from 
Dorset gave respectively Silica, 65-49, 72-23; alumina, 21-28, 23-25; oxide of iron, 1-26, 
2-54; alkaline earths, 7-25, 1-78 ; sulphate of lime, 4-72, trace. 

Pottery-clay.— The distribution of clays suited for the manufacture of earthenware or pottery 
is very wide, and their origin is very various. They always occur in more or less superficial beds) 
with but a slight thickness of earthy or gravelly covering, consisting of fine laminated silts of the 
Glacial period, or old estuary deposits, as well as river-valley accumulations, and re-formations 
from the waste and wash of the Boulder-clay. Their composition varies exceedingly ; e. g. Silica, 
44 to 58 ; alumina, 24 to 38 ; oxide of iron, 1 to 7 ; water, 10 to 15 per cent. ; with traces of 
magnesia and lime. The coarser qualities approach brick-clay; the finer, china-clay. The 
requisite properties are plasticity, colour, and the absence of proportions of iron or alkalies which 
might be prejudicial to the burning process. They are worked by shallow pits, and are “ ripened,” 
ground, and washed, as the other clays. 

(See Alum ; Alumina ; Cotton Manufactures ; Crucibles ; Paper ; Pottery.) 
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In tlie distillation of coal for the production of illuminating gas, there passes over with the 
gases into the condensers, a variety of solid and liquid substances, the former being dissolved or 
suspended in the latter, and the whole forming a thick or unctuous mixture. When the mass is 
allowed to settle, it separates into two distinct layers: generally, the upper portion consists of 
water, holding in solution ammonia and ammoniacal salts, with more or less of the soluble con- 
stituents of the oily portion of the distillate; the lower portion is a mixture principally of oily 
hydrocarbons, and forms the article known as “ coal-tar ” or “ gas-tar.” 

The mean average yield per ton of coal carbonized for gas in the various London gasworks, in 
1878, is stated as follows: — Cuke, 34 ‘•12 bush. ; breeze, 3-17 bush.; tar, 10-40 gaU. ; ammoniacal 
liquor, 29-44 gall. ; gas, 10,183 ft. 

The composition of tar varies with the description of coal submitted to distillation, and with the 
degree of heat employed ; though, probably, the degree of refrigeration to which the gas itself is 
submitted, after leaving the hydraulic main, has more to do with enriching the tar than all the 
other conditions combined. The specific gravity of tar ranges from 0-95 to 1-25 ; that of samples 
containing much naphthalene will fluctuate between 1 - 10 and 1 - 25 : and such tars, being heavier 
than the “ammonia liquor,” will sink in the tanks; the density of tars obtained from Scotch 
cannel coal approximates that of water, being sometimes a little above it, at others a little below — in 
such tars the naphthalene is replaced by paraffin. 

London tar is always heavier than country tar ; high heat increases the quantity of naphthalene. 
The larger gas companies generally dispose of their tar by contr.act ; and, though there are most 
important differences in the quality aud quantity of the distillate from tars of various origin, and 
produced under varying conditions of temperature, the distiller is unable to exercise any control 
over the character of the tar supplied to him. The tar is freed from the ammonia liquor, as far as 
is practicable, by allowing it to settle. It is then removed from the gasworks, in tanks fitted to 
railway trucks, or waggons, or in iron barges. On arrival at the works, the tar is pumped into 
large tanks of masonry or iron, sunk into the ground. Here it is left to settle for some days, to 
enable the watery portion to separate out. When the tar is very thick, the separation of the wateiy 
portion is facilitated by means of heat; tlirough coils of copper or iron pipe placed in the tanks, 
steam or hot water is passed, until the tar is rendered fairly fluid. Over-heating should be avoided, 
as it might drive off the more valuable constituents of the tar. Too much care cannot be taken to 
free the tar from water, especially if the tar happen to be very thick, as is always the case in cold 
weather. The presence of water causes the tar to froth when being distilled, so that it boils over 
through the worms ; it may even lift the still head, when contact with the fires will produce 
disastrous results. Tars which approximate the sp. gr. of water are not easily dehydrated; their 
distillation is best conducted on the Scotch or French systems. The inflammability of the tar pro- 
ducts necessitates every precaution against fire. The tanks in which the liquids are collected are 
placed as far as possible from the furnaces, and are kept securely covered. As fires occur most 
frequently at the stills, it is best to isolate them from the general plant altogether ; and, since.it is 
impossible to extinguish burning tar, it is a good plan to supply each still with an outlet, at or 
near the bottom, communicating with an empty boiler or still, so as to run off the tar from the 
burning matter as quickly as possible. By taking this precaution, the opening of the outlet 
relieves the pressure due to frothing, and renders an accident from this cause much less liable to 
occur. There are three methods of treating tar — English, Scotch, and French ; it will be necessary 
only to give those points of difference which render one method better suited than another in 
particular cases. 

To avoid confusion, it may be well to point out that the treatment of tars varies according to 
their qualities and sources ; unless otherwise stated, the remarks in this article apply to English 
tars, ordinarily obtained from London and country gasworks. London tar weighs 1 1 to 12i lb. a 
gall. ; country tar, about 10 J lb. .The tars known as “ Midlands ” are the most sought after by 
distillers ; having been distilled at a lower temperature than the Loudon tars, they are richer in 
benzol. Wlien the heating is very low, the benzol may be replaced by eupion. London tar is 
principally obtained from Newcastle cannel or bituminous coals. Scotch cannel yields 15J gall, of 
tar and 32 gaU. liquor a ton ; caking coal yields about half as much. The nature of the tar from 
the same coal will vary according to whether the retorts used are of clay or of iron ; clay retorts are 
more strongly heated, which circumstance is said to diminish the benzol and increase the naphtha- 
lene. This may explain why country tars are preferred to London tar. 

The form and capacity of still used in the “ fractionizing,” or fractional distillation, of coal-tar 
vary, principally, according to the extent of the works. The smallest capacity considered 
economical is 500 gall. ; in large factories, stills holding from 4200 to 2500 gaU., and even 4000 to 
7000 gall, are used. A great advantage with the larger size is that it enables a manufacturer to 
dispense with much stowage space in the form of tanks, and consequently saves a great deal of 
labour ; on the other hand, an accident is of much more serious consequence, and the charge cannot 
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be run over without involving nightwork. For small works, those stills are preferred which 
admit of working off a charge in ten or twelve hours. The largest stills are convenient for doling 
with special descriptions of tar, and in special modes of distilling. The most convenient size is 
2500 gall., wliich, on the English system, is run over in about thirty-six hours. 

In arranging the plant for a tar distillery, the great object is to enable the tar to be worked up 
as rapidly as possible, and with the smallest amount of labour. In the winter months, increased 
snpplies frequently involve the erection of a few extra stills. The varying consistence of the tar 
may necessitate modifications in the method of distilling, so that it is almost impossible to prescribe 
any general rules in erecting the plant for this business. A few extra stills should always be put 

up ready for use. . 

There is no doubt that eventually most large gas companies will utilize their own tar ; in such 
cases it woqld be easy to determine what plant should be erected, because, as a rule, the coal used 
is the same, and the conditions of heating are likely to be kept uniform. The manufacturer who 
purchases his feir from several gasworks has to put up with a variable product. 

The Enirlish stills are constructed of i-in. boiler plates riveted topther ; the portions which are 
likely to be more strongly heated are made thicker. If the distillation is to be carried to coking, 
cast iron should be used, as it does not burn out so rapidly, and needs no joints. To prevent burning, 
the bottom of the still rests upon brickwork, except in the coking process. The form of still 
chiefiy used in England is that shown in Fig. 481. The “ head ” consists of a bent cast-iron pipe 
o, communicating with a aeries of 
iron pipes b arranged in a tank as a 
condenser. At the top of the still 
is a manhole c, and an inlet d for 
the tar; in some cases, the same 
inlet is used for injecting super- 
heated steam, either for distilhng 
purposes, or for driving out the 
pitch after the charge is finished. 

Around the neck of the still is a 
channel for collecting the portions 
which condense in the head ; these 
are added to the distillates, as 
their falling back into the still 
may cause frothing, which is dan- 
gerous. Near the bottom of the 
still is a pipe for removing the 
residue. The stills are heated by separate furnaces, and are arranged under a light shed, so as 
to protect the workmen from the weather. They are sometimes enclosed in brickwork, as shown, 
with the view of preventing loss of heat. The heating flues should not reach above the space 
occupied by the contents of the still at the end of the operation. 

For a tar which is rich in light hydrocarbons, such as that yielded by Scotch oannel coal, 
and by the better kinds of lignite, another kind of still is required, as the application of fire-heat 
would be accompanied by danger. The method adopted with these tars is to distil them by 
steam-heat, in order to remove their more volatile constituents, until the residue in the retorts 
is reduced to a thick mass, known as “ boiled tar.” This is then withdrawn into tanks, or is 



pumped into other stills, in which the distillation is carried on in the usual way. These tars, 
being richer in benzol and anthracene oils, are much sought after by distillers, though the 
separation of water from them is more troublesome. The process, which is known as the “ Scotch 
method,” is conducted in the following manner : — The “ green,” 
or raw, tar is pumped from the settling tanks into stills — S, 


Fig. 482 — Shaving a capacity of 4000 to 5000 or more gallons, 
and made of f-in. boiler plate. A perforated steam-coil lies 
at the bottom of the stOl, or steam is admitted through branches 
p, with valves V, from an inlet pipe I. The stills should not 
be more than | filled, say to W, as plenty of room must be 
allowed. The distillation is carried on until the distillate 



acquires a sp gr. of 0-930; the residue in the retort, known 

as “ boiled tar,” is then run out, through a hole near the bottom, into tanks, or is pumped into 
other stills at once, for further distillation over a naked fire. This process commends itself 
for several reasons ; the most important are that the rapid recovery of the volatile constituents 
of the tar allows a large quantity to be worked up expeditiously, and that the naphtha obtained 
is more free from smell, and will keep better on exposure to the light. When the lighter portions 
are drawn over, the residue is stowed away for working up in slack time. Much of the so-called 
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Scotch “solvent naphtha,” now met with in commerce, behaves under acids so differently 
from English naphthas that it is questionable how far it can be used as a substitute for them. A 
great merit of the best Scotch naphthas is the absence of naphthalene from the “solvent” 
fraction. 

The crude or “ once run” naphtha obtained by this process is again distilled with steam, and the 
products are collected at different temperatures, as required. A residue, amounting to about 7 per 
cent, of the “ once run ” naphtha, is left in the still ; it has a thick, tarry consistence, and is run in 
with the creosote oils, or sold to rosin-grease makers at 50s.-65s. a ton. In distilling with steam, 
a large quantity of water passes over with the product ; as this continues during the whole opera- 
tion, the distillate is received in a “ separatory ” apparatus, so as to allow the water to escape. 
This consists of a magnified “ Florentine receiver,” in the form of a rectangular iron tank. The 
“ boiled tar ” is distilled in vertical or horizontal stills, heated directly by a furnace. The heating 
should be very gradual, as this tar contains considerable quantities of water. About 1000 gall, yield 
200 gall, of rough naphtha, which should give about 120 gall, of naphtha suitable for burning, &e., 
and about 320 gall, of creosote oils. The residual pitch will amount to 35-55 per cent., according 
to the temperatures at which the distillation has been conducted. 

Ernest Smith says that in distilling Scotch cannel tar by the Scotch system, a little light oil, 
sp. gr. 9'850, first passes over, after which a rise takes place, and the whole of the light naphtha 
marks 0 • 890. The sp. gr. of the second naphtha is 0 • 910 ; to collect this, the receivers are changed, 
when the distillate rises to O’ 930. The crude light naphtha from the best tars yields 10 per cent, 
at 120° (248° F.), with a sp. gr. of 0’880. He states that paraflSn appears more copiously in tars 
obtained from cannel coal at a low heat, and that generally the anthracene, before purification, 
contains a larger quantity of paraffin. This certainly will help to account for the great differences 
in Scotch solvent, and explains the discordant figures given by various authors. 

A continuous pi-ocess of distilling has been lately introduced : by running the tar over molten lead 
the more volatile part is driven off, and the residue is received in retorts for further treatment. 

The “ French system ” of distillation differs mainly in drawing off the aqueous portion of the far 
at a much lower temperature. It is frequently effected in jacketed stills, or by means of circulating 
steam pipes. The same method is obviously applicable for drawing over the lighter oils, or for 
carrying on the distillation so as to separate the constituents of the tar at one operation. “ Liquid 
pitch,” or “ thick tar,” contains a little of what corresponds to the second light oils of the English 
method, and all the heavy oils ; “ fat pitch ” is deprived of all the light oils, and partially of tlie 
heavy oils; “dry pitch” is obtained by heating until liquids are given off. The condenser 
usually employed consists of a series of 4-in. flanged iron pipes, joined together by cast-iron 
elbow-pieces, and arranged in a water-tank in zigzags or ovals. The joints are best made with 
sheet lead ; where cemented joints are required, slaked lime worked up with a little tar makes 
a lute, which, after hardening, stands for a long time. For convenience in cleaning the 
condensing tubes, they are joined by tee-pieces, and the ends which project through the tank are 
closed by iron plugs or caps. The length of worm required is a matter of some importance : the 
liquids which come over at the first stage of the operation should be well cooled, whilst the heavier 
oils, if cooled too much, would choke up the tubes. The cooling must be so regulated that the 
distillate shall flow freely away to the receivers. About 160 sq. ft. of condensing surface is 
sufiScient for a still working off 2000 gall, of ordinary tar per twenty-four hours. If the product 
solidify on cooling, or if much naphthalene come over with the creosote oils, it may be necessary to 
stop the cooling altogether, or even to heat the water in the worm-tank by injecting steam. It 
is not easy to define precise regulations, and, in operating upon a new sample of tar, it is by far 
the best plan to watch the distillate itself ; for not only is it a matter of great importance to know 
how to adjust the condenser, but the proper time for changing the receivers must be ascertained, 
especially if the preliminary distillation is used for partial fraction izing. 

In treating ordinary English tar, the distillation is thus conducted ; — The firing is generally got 
up as the filling progresses. It is important to raise the heat very cautiously, and to watch tor 
the commencement of the distillate going over; this can be done by feeling the condensing tube, 
and, as soon as it becomes warm, the fire should be checked, the object being to distil very gradually 
at first, and to make tolerably certain that all the watery portion has come over. If fiothing occur 
the stUl head may be cooled with water, unless the still be of cast iron. The water present in the 
tar makes the distillate come over more copiously. The first distillate consists of water eharo-ed 
with ammonia (“ammoniacal liquor”), and the more volatile hydrocarbons. As soon as the water 
has stopped, the receiver is changed, and the heating is slightly increased. The product which 
now passes over is called “first light oils,” and amounts to 8-10 per cent, of the quantity of 
tar originally taken. During this time, the temperature gradually rises, from the fact that the 
tar parts from its more volatile portion, and what remains has a much higher boiling-point. In the 
earlier part of the process, the refrigeration must be as perfect as possible ; but as the receivers are 
changed for the heavier and less volatile portions of the di.-tillate, it is not so essential to keep 
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them very cool. This is not entirely a matter of economy of water : a little heat facilitates the 
flow'of the condensed liquids, and hastens the distillation. 

In the English and Scotch systems, the receivers are changed for collecting what is known as 
“ second light oils,** and there is no doubt as to the advantage of this, especially where large 
quantities of tar are treated ; by the French method, no fraction is obtained corresponding to 
this. 

The distillation is carried on until a few drops of the distillate will sink in water ; but it is 
better to stop the collection of second light oils at an earlier stage, for the distillation of some tars, 
as those yielding paraffin, can he carried on at a very high temperature without yielding a product 
heavier than water. It is better to use a thermometer, and to change the receiver as soon as the 
temperature is sufficiently high. It ith ordinary English tar, the first and second light oils are 
collected until the distillate sinks in water, when the receivers are changed for the “ heavy oils,** 

“ creosote oils,’* or “ creosote.” As the product now contains much naphthalene, which may choke 
the condenser, the latter must be kept warm ; diminishing the flow of cold water will secure this 
under ordinary circumstances, but it may be necessary to heat the condensing worm, if large 
quantities of naphthalene are present. 

After a time, the distillate changes again, and has a green colour ; this is known as 
“anthracene,” or “green oils,” and is collected in a separate receiver. Towards the «id, the 
distillate becomes black, and the receivers are finally changed fur what are termed “ last runnings.” 
The residue contained in the retort constitutes pitch, which, while still liquid, is drawn off (or 
blown out by superheated steam) into a closed tank, to cool down to about 204° (400° F.), before 
being placed in its ultimate receptacles. The reason for this is that its temperature is so high 
that it would readily ignite, if immediately exposed to the air. 

Neglecting the ammonia, which has been already treated of at p. 232, the products of the 
fractional distillation of coal-tar are : — 

1. “ First light oils,” with water and ammonia, passing over at 

2. “Second light oils,” or “once run” (or crude) naphtha, passing over 

3. “ Heavy oils,” or “ creosote oils,” or “ creosote ” „ „ 

4. “ Green oils,” or “ anthracene ” ., „ 

5. “ Black oils ” „ „ 

6. Pitch, left as a residue. 

The temperatures given are approximately those at which the receivers are changed. 

On the French system, the fractions are collected at slightly different temperatures. 

The next consideration will be the products derived from each of the above-mentioned groups, 
omitting all theoretical or purely scientific elements, as well as eompounds of no immediate 
importance. 

Once-run (or Crude) Naphtha. — This liquid is almost colomless when freshly drawn 
over, but rapidly acquires a brownish tinge, by oxidation, on exposure to the air and light. It is 
rather curious that those constituents of coal-tar which are so readdy affected by light appear 
to have escaped the attention of the scientific photographer. A test for the purity of rectified 
naphtha is its non-changeability in colour on exposure to light ; and the treatment to which it is 
subjected is for the purpose of removing those principles which render it liable so to change. If 
the receiver has been changed after the water has passed over, the crude naphtha will be con- 
siderably less rich in those principles which boil at or under 100° (212° F.), and the watery vapour 
will have carried over much of those having a boiling-point above that of water. Tliis is more 
perceptible with those tars which are lighter than water, for the vapour, in passing through the 
tar, mechanically carries over a little of all the principles contained in it, and which of themselves 
would not go over except at a higher temperature. If the receiver has not been changed, the 
crude naphtha will contain the first and second light oils. In the case of tars containing much 
creosote, it is more economical and convenient to split the crude naphtha into first and second light 
oils at the first operation. Many manufacturers of benzol, solvent naphtha, and aniline products, 
pnrehase crude naphtha from the tar distdlers; and as this product varies in composition and 
value, the manufacturer should know wlmt he is actually purchasing. Its value chiefly depends 
upon how much it contains of benzol, toluol, xylol, and cymol, which come over at different 
temperatures, and upon their sp. gr. It is submitted to a rectification or second distillation, with 
or without the oily portion which separates out of the ammoniacal liquor. The latter is best treated 
separately, as it consists mostly of benzol and toluol, and is consequently a convenient source of 
high-class benzols. The object of the second distillation is to separate the more volatile benzol and 
toluol, and to clear the solvent naphtha of a great portion of the heavy oils. It is pumped into a 
still, heated by steam or hot water, and covered with felt and cement, to prevent the-heat escaping 
and raising the temperature of the room. The process is governed by the temperature indicated 
by a thermometer immersed in the vapour. This opemtion is carried on with extra care ; the 
vapours are led away to an efficient condenser at some distance from the building, and the liqnor is 


. 100° (212° F.), 

at 149° (300° F.). 
171° (340° F.). 
204° (400° F.). 
425° (800° F.). 
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receiyed in covered tanks sunk in the ground. As a rule, the crude naphtha is only fractionized 
onee ; but it may be split up into different products, according to the requirements of the manu- 
facturer. To produce high-class benzol, the receivers may be changed as soon as the temperature 
rises to 100°-104:° (212°-220° F.). Tlie usual plan is to allow the distillate to flow into a closed 
vessel supplied with two or more cocks, and containing either a hydrometer or some excisemen’s 
beads, so as to guide the distiller in changing the receivers. Scarcely two distillers fractionizo 
naphtha in exactly the same way ; everything depends upon what it is wished to extract, without 
rendering the residue unsaleable. Some collect the distillate until the temp, rises to 115°-121° 
(240°-250° F.) ; others go so far as 132°-138° (270°-280° F.); and others, again, make only one 
change of the receivers, collecting, at 121°-132° (250°-270° F.), all that comes over until the temp, 
rises to 149°-160° (300°-320° F.). The capacity of the stdls must depend on the number and 
extent of the fractionizings. A disadvantage is experienced from splitting the distfllates into too 
many products ; but this is removed by collecting the products of the first distillation, in such a 
way that two fractionizings will be sufficient for the second distillation of each of the first products. 
In the rectification of the crude naphthti, whatever comes over at the lowest temperature should bo 
added to the second product obtained in the first distillation, and thus the products should bo 
treated throughout. 

To avoid repetition, it may be stated here that the treatments of all the products are pretty 
much the same. Dilute acids are used to separate the bases, and alkaline solutions are employed 
to remove the acids, the process being called “ washing.” In particular cases, steaming is used to 
facilitate it, when special appliances are necessary to avoid evaporation. 

The following synoptical arrangement will give a clear idea of the primary products obtained 
by ordinary fractionizing on the English system : — 


1st, OB Preliminabt Distillation. 
Stills charged with gas-tar, yield : — 

A. 1st Product, containing : — 

1st Light Oils. 

Water charged with ammonia, &c. 
Benzol \ going over with the \ , 

Toluol, &c. / vapour of water. / ' 


2ni>. Distillation or Rectification. 
Stills charged with products from gas-tar, 
yield ; — 

A'. Obtained from A by standing to sepa- 
rate. 

Ammonia liquor. 

Benzol. 

Residue added to B. 


B. 2nd Product, containing : — 
ind Light Oils, 

tZoI } small quantities, j 
Xylol 1 principal | ’ 

Cymol ( constituents ] 

Heavy oils, &c., small quantities. 


B'. Obtained from B. 

Benzol, 40 per cent, to 60 per cent. 
Toluol. 

Solvent naphtha, with small quantities 
of light and heavy oils. 

Residue added to 0. 


C. 3rd Product, containing : — 

Creosote, or Heavy Oils. 

Carbolic acid j 

Cresylic acid > C'. 

Naphthalene, &c. ) 

D. 4th Product, containing : — 

Green Oils. 
Anthracene, &o. D'. 


E. 5th Product, containing : — 


Dead oU, or Last runnings 
F. 6th Product. 

Pitch. 



C'. Obtained from C. 

Crude creosote : — 

Separated by pressure, &c., into 
Carbolic acid. 

Cresylic acid. 

Naphthalene. 

D'. Obtained from D by beat and pressure. 
Crude anthracene. 

Residues added to crude creosote, or re- 
distilled. 

E'. Obtained from E and F. 

Soft pitch contains the dead oils. 

Hard pitch is deprived of a great deal of 
these oils. 


When the tar is distilled so as to yield a hard pitch, by removing as much as possible of the 
anthracene oils, it is converted into softer kinds by addition of the creosote oils. 

This list gives only the principal constituents of each product ; by repeated fractionizings, 
their proximate constituents may be isolated, according to the purity required for the commercial 
article. The tar dUtiller rarely has to carry his operations so far as to obtain more than the 
approximate separation of the series contained in the second column. As the preliminary treat- 
ment of most of these is almost identical, it will suffice to give one general description. 

Washing. — Formerly, the crude naphtha and light oils, freed from their watery portions, were 
pumped into large, lead-lined, wooden vats, and agitated by perforated rotating fans, for some hours, 
with sulphuric acid and caustic soda solutions, each washing being followed by a good agitation 
with water. The acid and other liquids must enter in a fine spray. Now, it is the general practice 
to re-run the crude naphtha before washing, as many impurities are thus removed, and a saving of 
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material is effected. Sulphurio is preferable to other acids, beoanse it more easily carbonizes the 
impurities, and causes them to separate out as a soft resinous mass, in addition to which, it forms, 
with the bases, salts which can be removed by washing. About 3 per cent, by measure of acid 
(c. o. T.) is gradually diffused through the liquids, and the whole is well agitated ; on standing, 
the impurities collect on the bottom ; the naphtha is drawn off into another tank, to be agitated 
for five or six hours with 6 per cent, of acid. After settling, it is again drawn off, and agitated 
with repeated fresh supplies of water, until all the acid is removed. The water is drawn off, and 
the naphtha is then agitated with 10 per cent, of a solution of caustic soda, sp. gr. 1’03. Some- 
times milk of lime is added ; but its use requires extra care. After standing for some time, the 
naphtha is treated with water as before, or is pumped into a still, and drawn over by superheated 
steam. Three washings with acid are given, the last being sometimes with a mixture of sulphuric 
and weak nitric. The acid sludge has been largely used for making superphosphate. 

After the separation of the water by standing, the naphtha should be colourless, i. e. “ water 
white,” and remain nearly so on exposure to light ; this is the best test of thorough washing. iPor 
“ second light oils,” caustic solutions are first used, as the chief matters to be removed are carbolic 
and other acids. As these vary in different naphthas, a preliminary test is made, to ascertain 
how much caustic solution is required (see Carbolic Acid, p. 44). After removing the soda-salt 
formed, by washing with water, the whole is left to settle ; tiie liquid is drawn off and treated with 
acids, as above, or is first submitted to distillation. 

Various ways of carrying out these rectifications are adopted by different manufacturers ; some 
have only ideal advantages, whilst others are more useful. As a rule, it is found that by pushing 
the distillation too far, in the preliminary treatment of the tar, little or nothing is gained. The 
object is to minimize the washing, which means saving acid and alkali, as well as labour. A 
saving of acid and alkali is effected by not allowing the heavy oils to go over with the second light 
oils, and, for the production of solvent naphtha, this is an important consideration. It is necessary 
to guard against loss from evaporization, caused by the heat generated on mixing the naphtha 
with acid or alkali. The products, either crude or rectified, are redistilled for new products. 

The stills used for fractionizing the crude naphtha are known as Coupler’s and Clark’s. The 
vapours are condensed in a leaden worm, and the liquids are received in a closed box with glass sides, 
containing some coloured “ specific gravity beads ” ; at the bottom, are several cocks communicating 
with separate tanks tor the reception of the fractionized products. The still is covered with felt 
and cement. It converts the crude products into second-class benzols, toluols, and solvent naphtha, 
the residues being drawn off into the creosote tanks. The condensation must be thorough, to 
prevent escape of the vapour, which, from these portions of the distillate, is very inflammable. 
In the first fractionizing by Coupler’s still, the proximate principles are only comparatively 
isolated, though more so than is usual with the English products ; but by submitting the products 
to a second or third rectification, it is possible to separate the principles very completely. Thus 
Coupier’s distillates have justly earned an enviable reputation. His still is used principally on the 
Continent. Clark s still, like the one previously mentioned, is, in many respects, similar to the 
Coffey still (see Ammonia), It may be used in a variety of ways ; the same results may be 
attained as by Coupier s still, but with the advantage that the liquid is broken up into several 
products at one operation. 

Few manufacturers adopt these methods, uhless for some special purpose. 'The most economical 
way of working is to take advantage of the preUminary distillation for the first fractionizings, and, 
in re-running the crude naphtha, to follow a similar plan. This entails a greater outlay in tanks 
for stowage, which may be economically replaced by puncheons, provided they can be kept from 
leaking, and from allowing the lighter products to penetrate the wood. 

Solvent naphtha, or, as it is more frequently called, “ solvent,” is much used in the manufacture 
of indiarubber waterproof goods, as it readily dissolves or softens indiarubber. It is also a solvent 
of resins, oils, &c., and, at one time, was largely used in the manufacture of varnishes, paints, and 
cements ; but for such purposes it is now almost entirely replaced by the lighter kinds of petroleum. 
It is often adulterated with petroleum or shale oils. Good solvent naphtha, from English tar, has a 
sp. gr. of about 0-870 at 15° (60° F.), and should commence to boil at about 118° (245° F.), 
although it frequently requires 121° to 127° (250° to 260° F.) before any appreciable distillate 
goes over. Between its boUmg-point and 142° (288° F.), about 70 or 80 per cent, of its bulk should 
pass into the receiver, and the sp. gr. of this fraction should be a trifle less than that of the original 
sample. The distillate collected between 142° and 160° (288° and 320° F.) should be a little 
heavier than the sample, and should correspond to 15 or 20 per cent, of the original bulk The 
residues, when containing naphthalene, are often as high as sp. gr. 0-950, and solidify in cold 
weather; otherw^ the sp. gr. of the residues and fractions will not vaiy much from that of the 
solvent itself. It hen petroleum or shale oils are present, either as adulterants, or when the 
naphtha is derived from the tar of canml coals, the sp. gr. will be 0 - 845. Scotch solvent goes over 
at lower temperatures than the English product, and is of lighter sp. gr. If much distil at or below 
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118° (245° F.), petroleum oils are probably present ; this can be ascertained by the sp. gr. of the 
fractionized product. Scotch solvent gives 95 per cent, distillate at 160° (320° F.). 

The vapours of solvent naphtha have a peculiar intoxicating power over those unaccustomed to 
its use ; a person thus aifected rapidly recovers when taken into the open air. The effect is 
indicated by giddiness and hilarity, which is not followed by depression on recovery. It is rare 
for the same individual to suffer more than one or two attacks. The ventilation of the buildings 
where it is evaporated is generally well arranged. Formerly, they were lighted, when necessary, by 
gas jets fixed outside the windows; now, a gooJ supply of air is admitted, and dilutes the vapour so 
rapidly as to remove all chance of explosion. (See Indiarubber Manufactures.) 

Benzol, or Benzene. OjIIj. — This liquid was discovered by Faraday in 1825, and was 
named by him “bicarburet of hydrogen.” In 1834, Mitscherlich obtained it by distilling 
benzoic acid with hydrate of lime. It may also be procured by passing benzoic acid through a red- 
hot tube. A mixture of one part of benzoic acid and three parts of slaked lime yields, by distilla- 
tion, benzol in a pure state, and calcic carbonate. The mixture should be gently and gradually 
heated ; the benzol, which goes over with a little water, is separated from the latter, and distilled 
over a solution of caustic potash. Benzol is one of the most important principles of gas-tar ; it 
exists largely in the petroleums known as Eangoon tars, and in some of the petroleums of Europe, 
the Caspian, &c. When pure, it is a colourless mobile fluid, boiling at 81° (178° F.), and solidifying 
at 3° (37° F.) into a colourless crystalline mass. Its sp. gr. at 0° (32° F.) is O' 899, and at 20° 
(68° F.), O' 878. It has a peculiar aromatic smell, is very inflammable, and bums with a smoky 
flame. It is slightly soluble in water ; but dissolves freely in alcohol, ether, carbon bisulphide, and 
the liquids obtained by distillation from gas-tar. It is also miscible with the petroleums. It 
dissolves iodine, sulphur, phosphorus, fats, oils, resins, guttapercha, and indiarubber. It may be 
used in varnishes and in paints, as a substitute for turpentine ; but its price is too high for this at 
present. It removes grease spots from cloth, silk, &c. Its volatility renders it a convenient source 
of illumination. The “ Benzol ” or “ atmospheric” light is obtained by passing a current of air or 
hydrogen through benzol. The saturated air is distributed in the same way as coal-gas, and 
burns freely. The conditions which operate against this method of illuminating are condensation in 
cold weather, and the difficulty of saturating the air at low temperatures. 

The fact that benzol solidifies when cooled to a low temperature supplies a method for its puri- 
fication on a large scale. The solidified mass is submitted to pressure, by which the benzol is 
freed from its liquid impurities ; by redistillation alone, this would be almost impossible. Benzols 
which become solid at — 1° (30° F.), are prepared for special purposes. 

In commerce, it is rarely met with in such a state of purity ; but is sold as 90 per cent., 40 per 
cent., (fee., which means that when the sample is distilled, 90 per cent., 40 per cent., &c , passes over 
at or below 100° (212° P.) : 90 per cent, is the highest commercial rectification, and in preparing 
pure benzol it is better to work upon this basis. Pure benzol is obtained from the commercial 
article by repeating the process for the production of the latter, and expressing the congealed mass. 

It is of great importance when purchasing benzol, toluol, naphtha, &c., first to have an imder- 
standing with the seller, as to the conditions of performing the distillation : — 

1 . The quantity to be placed in the retort for distilling. 

2. The capacity of the retort. 

3. Whether the bulb of the thermometer is to be immersed in the liquid or in the vapour. 

4. The rate, whether in drops or in a stream, at which the distillate shall pass over. 

5. The method of applying the heat. 

6. When the distillation shall be considered complete. 

Corrections for barometric pressure may sometimes be necessary, and, in all cases, the distillate 
should be measured at the same temperature as the liquid, the loss due to imperfect refrigeration 
and condensation being considered as a part of the distillate. The residue, if measured off 
immediately the distillation is ended, will be warm ; if left in the retort to cool, the few drops 
collected in the receiver after the distillation is ended must be regarded as part of the residue. 
This may easily give rise to a difference of 2 or 3 per cent. 

Manufacture and Eectificatim. — Several forms of apparatus for separating benzol from once-run 
naphtha have been already mentioned. The essential feature in all of them consists in receiving 
the vapours in a condenser kept at such a temperature that only those liquids can pass over which 
are vaporizable at that degree, those vapours which are condensed at this same degree being returned 
to the still. By using a series of condensers, the liquid may be fractionized to any extent at one 
operation. This portion of the factory is kept cool, and is placed as far as possible from boilers and 
furnaces, on account of the volatility of benzol and the inflammability of its vapour. The distillation 
is effected by steam or heated water, as it is then easier to regulate the temperature ; direct heat 
colours a portion of the liquid. The vapours are collected in another boiler, placed on end, provided 
with a thermometer, and jacketed so that it can be kept at any required temperature by steam 
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or water ; those vapours which are condensable at that temperature are here arrested, whilst the 
others pass on to a properly cooled receiver, whence they .are delivered into a vessel provided with 
two or more taps, communicating with stowage tanks. When the temperature of the intermediate 
condenser is so high as to keep the benzol in a state of vapour, the product will be richer. When 
it is desired to collect tlie distillate at diftereut temperatures, the jacketed boiler is heated to, say, 
82° (180° F.), so as to allow the benzol to pass over ; as the temperature is raised, the cock leading 
to the benzol tank is closed, and another cock is opened, so as to collect the second distillate ; thus 
any number of products may be drawn over from the same still of crude naphtha. 

The crude benzol is washed by thorough agitation with strong sulphuric acid in well-closed, 
lead-lined vats ; on the large scale, the agitation is performed by steam power ; the acid is then 
drawn off, and tlie benzol is well washed with water. These operations are repeated according to 
the degree of purity required, or until the acid drawn off is nearly colourless ; the final washing is 
with lime water, or a weak alkaline solution. When welj washed, the benzol will suffer no change 
of colour on addition of sulphuric acid. The sulphuric acid may be used afterwards for the treatment 
of crude naplitha. The benzol is then carefully distilled. To avoid the loss due to heating, the 
sulphuric acid is added slowly and at long intervals. The treatment with acid and alkali, and 
final washing with water, are best carried out in separate vessels ; by arranging them one above 
another, the liquids are easily decanted, and the sludge can be caught in receptacles placed 
beneath. Lime is cheaper than soda ; but it forms, with many of the tar acids, less soluble com- 
pounds, which are thus less easily removed by washing. The alkdi waste from this and similar 
operations is now frequently burnt for reconversion. 


The amount of benzol contained in a sample of tar will, under ordinary circumstances, depend 
upon the amount of refrigeration to which the gas is submitted. The reader’s attention is called to 
Lake’s patent method of obtaining benzol from gas (No. 488, 1869) ; if the figures therein given can 
be sustained in practice, an enormous amount of benzol and toluol can by this method be recovered 
from coal-tar. Coal-tar naphtha boiling at 130° (266° F.) is worth about Is. 9d. a gall., whilst 
petroleum boiling at 149° (300° F.) is worth about 9c/. a gall. ; CO per cent, benzol is worth 3s. 


a gall. If it is possible to recover, say, 12 per cent, of the liquid used in washing the gas, there 
should be 2J to 5 gall, of a product worth from 3s. to 45. a gall, from every 10,000 cub. ft. of gas, 
so that it would be more economical to carburet the gas with such liquids if necessary. This fact 
is important to gas manufacturers, and uot without interest to gas consumers. If the sole object 
in distilling coal were to use the gas as fuel, there could be no advantage in this process. It 
appears quite possible that, by selecting the coat and arranging the heats, the tar may be enriched 
in benzol, with only a slight sacrifice in the quantity of gas produced. The production of liquid 
hydrocarbons from coal, as a source of profit, does not seem to have occurred to gas companies. The 
comparative poverty of the highly bituminous coals in benzol and anthracene places many dis- 
tillers of English tar at a disadvantage in the manufacture of these two products. 

Toluol, Toluene, or Methyl Benzol. C„H 5 ,CH^.—Toluol was discovered by Pelletier and 
Walther in rosin-oU, and was called by them “ Retiunaphtha.” Tlie name “ toluol ” was given to the 
liqiiiii by Deville, who obtained it by the distillation of Tolu-balsara. It exists in wood-tar ; but its 
commercial source is coal-tar. It is met with in commerce as “ rectified toluol,” “ commercial'toluol,” 
“ rosauUine benzol,” &c. Its highestdegree of rectification would be exhibited by the fluid obtained 
in preparing benzol by refrigeration; but commercially it is procured from the distillate of 
naphtha which comes over between 107° and 121° (225° and 250° F.) ; some samples contain a dis- 
taiate going over at higher temperatures. It is a colourless, limpid, oily liquid, which does not 
solidify when cooled to any ordinary temperature. In odour, solvent properties, and miscibility 
with other hydrocarbons, it resembles benzol. By oxidation, it becomes benzoic acid Its sn gr 
is 0-88 at 0° (32° P.), and O' 87 at 24° (75° F.) ; it boils at 110° (230° F.). The value of commerce 
samples is found in the same way as benzol. It is best stored in galvanized iron drums, or glass 
carboys, as benzol. * 


Xylol, Xylene, or Di-methyl Benzols. {Cj3._when purified coal-tar naphtha 

is submitted to fractional dutillation, a liquid boiling at 139° to 140° (282° to 284° F.) is obtained. 
This was at first regarded as a pure compound ; but recent researches have shown it to be a mixture' 
of two di-methyl benzols, which, having nearly the same boiling-point, cannot be separated by dis- 
tillation. They are known as “methyl-toluol” and “iso-xylol”; the latter forms the principal 
ingredient of the solvent naphtha used by iudiarubber manufacturers. Commercial xylol contains 
a little toluol, as it is the product of the higher dL-tillation after the commercial toluols have been 
drawn over, and consequently forms the bulk of the second light oils. It is prepared by Beiistein 
and Wahlfoss by treating the naphtha distillate which comes over at 141° (286° F ) with fuminer 
sulphuric acid, after repeated treatment with acid and alkali, as in preparing benzol,' naphtha &c • 
this dissolves the xylol, which is subsequently extracted by dry distillation ? • » 

Creosote.— The portion of the distillate which is collected as creosote' oils is generally sold as 
“ creosote,” without any fmther treatment. It is a thick, black liquid, containing prtacipally 
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cartollc acid and naphthalene. Its consistency varies with the proportion of the latter ; creosote 
from London tar is particularly rich in it, and, in cold weather, frequently solidifies. The principal 
use to which creosote is applied is the preservation of timber. Its value for this purpose depends, 
according to Dr. Letheby, upon the following points: — It should have a density of 1-045-1 -055; 
it should not deposit any crystalline matter at 4°-5° (40° F.) ; it should not yield less than 5 per 
cent, of crude carbolic acid to a solution of caustic potash at 1-070 (14° Tw.); and it should 
furnish 90 per cent, of liquid oil when distilled at 315° (600° F.). Some contracts issued in 1867, hy 
the Dutch Government, stipulated that the creosote should he clear, and not yield more than 40 per 
cent, of naphthalene when cooled to 0° (32° F.), and kept at that temperature for twenty-four hours. 
It should dry up with little loss, and should harden by oxidation when imbibed by porous 
substances. This fraction is also worked on for carbolic acid. 

The creasote of the drnggists is a totally different product, derived from the distillation of wood. 

Creosote oils accumulate in a works in excess of requirements ; they may be utilized as fuel, in 
accordance with the patented plan of Edward Dorsett (No. 176, 1868). Crude creosote is worth 
2?. to 21. 5s. a ton. 

Naphthalene. OioH,. — This substance was discovered by Garden, in 1820, in coal-tar. It 
is formed by the destructive distillation of many org-anic bodies, especially when their vapours are 
passed through tubes heated to redness. It is found in wood-tar, and also in Eangoon petroleum ; 
it has been produced synthetically by passing the vapour of phenyl-butene dibromide through a 
red-hot tube. Its commercial source is coal-tar. It exists most abundantly in tars from bituminous 
coals ; in lignite and boghead tars, and also the better classes of cannel tar, it is replaced by paraffin. 

In the distillation of tar for the production of crude naphtha, the process is arrested when a 
few drops of the distillate solidify on collection on a cool surface. The substance then left in the 
stills contains much naphthalene and phenol. Until anthracene received commercial importance, 
this residue was distilled for creosote oils only. The presence of naphthalene in naphtha is shown 
by the high sp. gr. of the residues at 160° (320° F.) ; on evaporating these slowly in a water bath till 
the bulk is reduced one-half, and cooling, naphthalene is obtained ; when pressed so as to separate 
the adhering liquid, it will be found tolerably pure. It is sold in rolls, which are obtained hy casting 
the melted article in moulds ; in this form, it is supplied for carburetting gas, by the method known 
as the albo-carbon. The further purification of naphthalene is effected in the following way. The 
material is first melted, in closed vessels, with a solution of caustic soda, and well agitated. Whilst 
boiling, the watery vapour carries away a considerable quantity of naphthalene, which should be 
collected ; as the vapours cool, it is deposited almost pure. The caustic solution and naphthalene 
are separated by cooling and compression ; after being well washed with boiling water, the latter 
is treated in a similar way with water acidulated with sulphuric acid. These operations are 
repeated according to the degree of purity required. It is then distilled in cast-iron retorts over a 
naked fire, at a temperature not much exceeding 205° (401° F.). The residue will contain much 
naphthalene ; but at higher temperatures, it is contaminated with other products. The distilla- 
tion is carried to dryness, and the last product is added to the crude naphthalene for re-treatment. 

Naphthalene crystallizes easily from saturated solutions, or by sublimation, in large silvery 
white phites or scales. It melts at 79° (174° F.) into a perfectly clear liquid, and, on cooling, 
solidifies into a crystalline mass. It boils at 216° (421° F.); its sp. gr. is 1-15. It is slightly 
volatile at ordinary temperatures. It bums with a smoky flame, being rich in carbon. It has been 
proposed to carburet illuminating gas with it, as already remarked. It is insoluble in water 
alkaline solutions, and weak acids ; but is acted on by the stronger oxidizing acids. Alcohol 
ether, wood naphtha, and the liquids obtained from coal-tar, dissolve it readily. With picric acid 
dissolved in warm alcohol, it forms a yellow solution which, on cooling, deposits beautiful yellow 
needles of picrate of naphthalene. This reaction is very characteristic. 

As naphthalene easily distils with the vapour of water, it may be purified by heatino- with 
water, on a water bath, or by passing a current of steam into the melted mass ; it condenses in 
beautiful pure scales on the sides of the receiver, which may be made of lead, and simply inverted 
over the other vessel. Pure naphthalene has been used medicinally .- for the production of colouring 
matters, it is not necessary to carry its purification so far. The following plan is adopted by 
Calvert and Co. for producing it in a chemically pure state: — The material is trea'ted with rectified 
sulphuric acid, and heated in an iron pot ; it is well sthred, and then allowed to cool and settle 
when it separates into two layers, one of naphthalene at the top, and a dfirk, tarry mass beneath. 
The upper portion is boiled by steam in an earthenware vessel, with frequent changes of water 
until it is perfectly free from acid, adding a little weak soda to render it perfectly neutral. The 
naplithalene is then placed in a jacketed still, and distilled by steam-heat. The distillate is col- 
lected in a large receiver, and constitutes an exceedingly pure article. 

The production of red, scarlet, yellow, and violet colouring matters from naphthalene has given it 
some importance, still its production considerably exceeds its demand. The heavier oils being less 
important, manufacturers make the creosote oils contain as much naphthalene as possible. Only 
a few naphthalene colours have received much application ; generally they lack brightness, fresh- 
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ness, and permanence. Still there is a wide field for attention to naplithalene as a sonrce of coloms ; 
its price is considerably below that of any of the otlier products used for this purpose, and it is 
more than probable that an increased demand for it would tend to lessen rather than enhance its 
cost : it is easily purified, and its compounds are readily obtained of the necessary purity. 

The general treatment of naphthalene and its derivatives for the production of colouring matters 
consists in direct oxidation into nitro compounds, from which, by reducing agents, &c., as with 
aniline, derived compounds are obtained ; — 

Niiro-naphthaJenes . — Four nitrated naphthalenes are known : the mono-nitro is obtained by boiling 
powdered naphthalene, or its solution in acetic acid, with ordinary nitric acid, for half an hour; 
concentrated nitric acid yields two modifications of di-nitro; fuming nitric acid boiled with the 
(a) modification converts it into Iri-nitro, of which there are three modifications ; two modifications 
of tetra-nitro are obtained by the continual boiling in nitric acid of the two previous corresponding 
bodies. 

Naphthylamine or Amido-naphtbalene. C,„H..NHj. — Two parts nitro-naphthalene and three of 
iron turnings are mixed, and acetic acid is added to cover the mixture, which shotUd be heated so as 
to fuse the naphthalene. When the reduction is ended, the mass is distilled, water and acetic acid 
first come over, the receivers are changed, lime or soda is added to the residue, and the distillation 
is carried to dryness. The oily liquid which comes over solidifies, and is purified by dissolving in 
Bulphvuic acid and precipitating with ammonia, or, after adding soda in excess to the sulphate, dis- 
tilliug with steam. It crystallizes in colourless needles, melting at 5u° (122° F.); it boils at 300° 
(572° F.) ; its hydrochloride heated with aniline to 280° (536° F.) for thirty-six hours gives naphthyl- 
phenylamine or phenyl-amido-naphthalene. 

fC H 

Amido-azo-naphthaleue, is produced by adding potassium nitrite to a solution 

of amido-naphthalene hydrochloride. It crystallizes in orange needles, with a beetle-green lustre- 
its salts, which are decomposed by water, have an intense violet colour. It dyes silk a fine orange, 
turning purple when dipped into hydrochloric acid, and becoming again yellow when washed with 
water. 


Sulpho-aotds of Naphthalene.— When naphthalene is heated with concentrated sulphuric acid, 
three sulpho-acids are formed, viz. monosulpho-naphthalic acid, of wliich there are two modifica^ 
tions (o and 0), and bisulpho-naphthalic acid. By heating 5 parts naphthalene and 4 parts 
acid for some time in a salt-water bath, the mixture will contain principally the a modification of 
the mono-acid ; but if the heat is carried to 116°-118° (240°-245° F.), it will yield the 0 modifica- 
tion. The acids are first freed from the unaltered naphthalene, by pouring the boiling mixture into 
a large quantity of water : the naphthalene separates out on cooling ; the excess of sufphuric acid is 
removed by boiUng with a little ol.alk, filtered to remove the sulphate of lime; the filtrate yields 
crystals of sulpho-naphthalio acid on concentration ; the acids are separated by TOnversion into lime 
salts, the latter being difficultly soluble, whilst the former remains in the mother-liquor The 
disulpho-acid is obtained by heating for several hours 1 part naphthalene and 5 acid The removal 
of the sulphuric acid can be eflTected by oxide of lead, the sulphate of lead bein- insoluble whilst 
the sulpho-naphthalic salts are separated by their differences of solubility in water and alcohol. 
The free acids are obtained by decomposing the lead solutions by sulphuretted hydrogen 

These acids form the starting-pomt in the production of several compounds which have been 
worked upon more or less for tinctorial products. The conversion of these acids into naphthalio 
alcohol, ornaphthol, is thus accomplished :-Sulpho-naphthalic acid is neutralized with potash, 
after separation of the unaltered naphthalene; the salt thus obtained is fused with caustte 
potash or soda; by the addition of dUute acids to the aqueous solutions, the naphthol is nrecioi- 
tated in acrystalUne form, of which there are two modifications, corresponding with the sulphtacids. 

AupMafenc melts and absorbs chlorine when the latter is pLed over 

It; the dichlonde which IS first formed m a heavy pale-yellow oil; by repeated distillation, and 
the action of alcoholic ^^h, it is resffiv^ into hydrochloric acid and mono-chloro-naphthllene. 
The continued action of chlorine converts the dichloride into tetra-chloride ^ 

Naphthalene Diohlorhydrate, is obtained by dissolving naphthalene in concentrated 

hypochlorous acid. Naphthalene, treated in the cold with a mixture of j 

chlorate of potash, is transformed into naphthalene dichloride and di ehl ^ mi. ° 

Fhthalio Anhydride. C,H, 03 .-This is produced by T ItLntf n 
naphthalene. When the dichloride of naphthalene is treated with boilin”” 
slowly, with evolution of nitmusacid^ The solution deposits crystals on U^rnelt^sSs 

‘r;rf ■" “‘i' ^ 

soluble in cold water, but dissolves easily in alcohol and ether Tiv Hi +*n ^ sparingly 

phthalic anhydride. ' it is converted into 

Anthracene, or Paranaphthalene. C..H...-This substance is the last product of com- 
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mercial importance obtained in the distillation of tar. It commences to go over at about 171° 
(340° F.), and as the temperature is raised, it is contaminated more or less with the heavier oils ; 
this constitutes the “ Green oils.” In its crude state, it contains naphthalene, phenanthrene, creosote, 
&o., from which it is separated, in the first instance, by straining, and finally, when it is well 
drained, by submitting it to pressure. It is then in the form of fiat, irregular pieces, about IJ in. 
thick, with a slight greenish colour ; exposed to the air, it changes colour, passing to a dirty-brown. 
The percentage of anthracene in this crude product is about 30. A great difficulty in its purifica- 
tion arises from its being nearly insoluble in ordinary solvents. It may be freed from the greater 
part of the liquid oils by means of a filter press. The same end is attained by pumping it up into 
bags, suspended over a shallow tank ; wlien well drained, air is pumped through, and forces out 
a further quantity of the adhering oily liquids. On a small scale, these oils are driven off by 
centrifugals. 

In the treatment of green oils for recovery of anthracene, the following method is usually 
followed on the large scale, though slight modifications may be made according to the plant 
employed, and the degree of purification required. The oils are completely cooled ; this facilitates 
the separation of the anthracene, and reduces the solvent action of its associated oils, so that they 
present the appearance of a soft buttery mass, in which are scattered, more or less, grains of 
anthracene, which may even give the mass a granular aspect. They are pumped into a series of 
pipes a, b (Fig. 483), furnished with f pieces opening at the bottom, and to which are attached 
strong canvas or fiax bags d, to receive and filter the oils. These bags are 3 ft. or 4 ft. long, and 
are stitched with packthreads, which can be drawn out, so as to open 
them lengthwise for the removal of their contents. The pipes are 
4 in. diameter; the T pieces may be 8 or 10 in. apart; at the 
end of each, is a collar c, for attaching the bags. A shallow tank e 
receives the liquid filtering from the bags, and returns it to the 
stills or the store tanks. At first, a large quantity of liquid comes 
away ; after a short time, the bags are well distended by the oils 
being forced into them. As the solids accumulate, the liquids 
cannot so freely escape; they are then allowed to drain for some 
hours, after which they are removed to a powerful hydraulic press, 
which squeezes out a further quantity of the liquid oils. Since tlie 
adhering oils, when heated, readily dissolve the anthracene, cold pressure must be first used, to 
remove the liquids ; hot pressure may be employed to complete the operation. 

The whole treatment of crude anthracene is open to very great improvement. Crude anthracene 
submitted to the same process of refining will have a higher percentage in summer than in winter, 
because of its diminished solubility in the adhering oils. It is further purified by being very 
finely powdered, and agitated with about 25 per cent, of high boiling naphtlia, or “solvent,” 
(petroleum is sometimes used instead), submitted to straining, pressing, &c., as before. The 
washing increases its percentage value from 20-25 to 30-35. The washing process is repeated two 
or three times, in closed iron cylinders fitted with mechanical agitators. The principal aim is to 
obtain the anthracene as finely divided as possible, and to bring every portion well into contact 
with the naphtha. For the final washing, the anthracene is sublimed, so as to obtain it in as fine a 
powder as possible. 

Anthracene from Pitch. — It has been proposed by Fenner and Versmann (1871), and Lucas 
(1872, No. 747), to obtain it by distilling pitch to coking. Whether this can be made a profitable 
operation must depend upon the quantities obtained ; some coals yield considerably greater quantities 
of anthracene than others. Nopp says that the soft pitch from the gas used in Turin contains as 
much as 4 or 6 per cent., which is three or four times the amount present in tar. It has been suggested 
to distil soft c<jal-tai pitch with superheated steam, for the production of anthracene, and this plan 
has been tried on a working scale with varying success ; but the process does not appear to be 
carried out to any great extent, though it is one which commands attention. In distilling pitch 
to coking, certain disadvantages are said to arise. Anthracene is drawn over between 171° and 
371° (340° and 700° F.), and the stills are emptied whilst the residue is still liquid. If the distil- 
lation be carried to coking, the distillate will contain much chrysene and pyrene, from which it is 
best freed by a second distillation. It is well to maintain a partial vacuum in the still by exhausting 
the vapours. A current of superheated steam blown through the still does not appear to act so 
well as exhaustion, though probably it is more convenient in most cases. Large qnantities of 
anthracene are now obtained thus ; the main precautions are to keep the stills supplied with melted 
pitch to one constant level, and, as the heavy vapours do not rise, to bring down the still head as 
near as possible to the surface of the pitch, and to surround the condensing pipes with boiling 
water ; the vapours are assisted over by suction or blowing. In most cases, the pitch is mn into 
the stills direct from the tar stills. The plan adopted on the Continent is to coke the pitch in 
ovens" or retorts of clay ; on opening them, the coke which is formed is burnt off. The preliminary 
washings, &c., are the same as before ; but a Uttle more care is necessary. The liquids which are 
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collected firom the crude anthracene are frequently added to the creosote oils ; but as they are 
always saturated with anthracene, some method should be adopted for its recovery. 

The principles associated with crude anthracene are phenantrene, OnH,„; chrysene, 
pyrene, CuHij. No colouring matters are at present made from these substances, although they 
yield compounds which may eventually become sources of profit in this direction. When the oils 
recovered from the crude anthracene are distilled, there remains in the retort, after the anthracene 
has been drawn over, a soft tarry residue contaiuing much chrysene and pyrene; this may be 
mixed with the creosote oils, or, if burnt in suitable chambers, may be a source of a black pigment 
for which the “ last runnings ” are frequently employeil. These residues are frequently, and with 
greater advantage, added to the pitch, for making softer kinds. 

It may be worth while to point out, that tars ditter widely as regards their richness in anthra- 
cene ; as a rule, those which yield much benzol will be the best, and probably this fact may be 
usefully applied by gas companies who are interested in working up their own refuse. There are 
many natural bitumens in which benzol and anthracene exist ; and it is not improbable that an 
examination of petroleum residues may lead to some important additions to the list of dyeing pro- 
ducts. The amount of anthracene contained in a sample of the crude article is of great importance, 
since it is always sold by analysis. Its point of fusion will approximately indicate the amount of 
the oily impurities ; these may be absorbed by pressing between blotting-paper in a hot-press. 
The anthracene may be washed with cold alcohol, which will further free it from naphthalene and 
other oily matters. The melting-point of the product will give a very fair idea of its purity ; 
that of pure anthracene is about 210° (410° F.). The only method practically used for valuing 
samples of anthracene is Luck’s anthraquinone test. A n ide-mouthed fiask of sufficient capacity 
has a wide glass tube 3 ft. long fitted into it with a cork ; the upper end of the tube is open, and 
carries a funnel furnished with a stop-cock, which regulates the flow of chromic acid solution. 
The whole is supported on a stand over a Bunsen’s burner, and protected with wire gauze. One 
gramme of anthracene is dissolved, by boiling with 45 c. c. glacial acetic acid, in the flask ; 10 grm. 
chromic acid, free from lead, in 5 c. c. glacial acetic acid and 5 c. c. water, is added gently by the 
funnel, so as not to disturb the steady boiling, which is continued until a distinct and permanent 
greenish-yellow colour appears, or until a drop of the liquid produces a reddish spot on a piece of 
silver foil. It is then cooled, and gradually diluted with 150 o. c. water ; the anthraquinone is 
precipitated, coliected, and washed with water on a filter, then with hot dilute potash lye, again 
with water, dried at 100° (212° F.), and weighed on the filter, which is afterwards weighed 
and deducted. The operation lasts four to six hours. To the net weight is added *01 grm., as, 
by Luck’s experiments, this quantity is taken up by the acetic acid and water used. The un- 
oxidized impurities are thoroughly removed, by adding drop by drop, until the red colour does 
not vanish, a solution of permanganate potash to the residue on the filter ; after washing it off 
into a beaker, oxalic and sulphuric acids are added, to remove the excess of permanganate ; the 
whole is thrown into the same filter, washed to remove the acid, &c., then with dilute boiling soda 
lye and water, finally dried at 100° (212° F.) as before. Sand and other fixed impurities are 
determined by incineration. 


Purification of Anthracene.— For final purification, anthracene is submitted to distillation, 
and the product coming over between 332° and 349° (630° and 660° F.) is collected. The distillate 
will contain a little anthracene before it reaches these temperatures ; but as the object is to obtain 
the article &ee from impurities, it is better to collect the distillate between temperatures which 
will aUow the maximum quantity to come over. In the distillation of anthracene, there is always 
formed a large quantity of tarry matter, resulting from the decomposition of a portion of the 
anthracene, so that as little heat as possible should be used. The best way of conducting this 
operation is to place the partUUy purified anthracene in an iron Q retort, set in hackwork, and 
heated by a furnace immediately underneath; as soon as the contents boil, a current of deoxidized 
air or steam is blown through ; this carries the anthracene into a closed chamber, where it con- 
denses. Preference is given to steam : air carries the sublimate over dry, but is liable to oxidize it. 
The sublimate is dissolved in recently-drawn naphtha, boiling at 121°— 149° (250°— 300° F ) * the 
naphtha is saturated at the boiling-point, and, on cooling, deposits the anthracene in crystals, 
which are drained, strongly pressed, dissolved in alcohol, and recrystallized. They still possess a 
slight yeUow colour, which it seems is not entirely removed by redissolving and crystallizing • but 
maybe removed by washing with ether, or carbon bisulphide, or by carefullv crystaUizin-r ’from 
benzol with exposure to light. The pure crystals possess a fine blue fluorescenck Pure anthracene 
solidifies at 210°-215° (410°-420° F.); boils at 360° (680° F.); and evaporates slightly at its point 
of fusion ; its vapours have a disagreeable odour, and are irritating if inhaled. Alcohol and ether 
dissolve it sparingly ; benzol, readily, especially when heated ; in water, it is insoluble. It has been 
obtained synthetically; and although the methods for obtaining it in this way are at present of 
scientific rather than of practical importance, still the high price of the pure article, and the demand 
for its derived colouring matters, are sufficient inducements for research in this direction The 
present price of the crude article containing 60 per cent, anthracene is about 150?. a ton • the value 
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of the pure article would be about 15i. a lb. Improvements in the manufacture of this substance 
may be directed towards the prevention of loss in subliming or distilling ; it might be well to try 
the effect of the superheated vapours of benzol or naphtha injected into the retorts, instead of 
steam, for the anthracene might be much more economically sublimed, even if a little loss of an 
expensive solvent were incurred. A difSeulty would be met with in the condensing ; but it does 
not appear insurmountable. 

Instead of the naphtha process, the article is sometimes purified at once by distillation with lime 
and caustic potash. There is a difference of opinion as to the merits of this process, as the coking 
which takes place with steam, even at high pressure, entails a great loss in working. Experience 
generally is in favour of the distillation with potash, and it is not improbable that, when this 
process has been unsuccessful, there has heen a want of proper precaution in heating the retorts, 
for as a rule, bodies volatilizing at very high temperatures require much more care, and whilst 
superheated steam may admit of easier adjustment, it is probable that extra care with the potash 
process would be compensated for in the yield. 

Anthbaqcinonb, or Oxyanthracene. C, 4Hg02. — By acting upon anthracene with oxidizing 
agents, anthraquinone is produced. Bromine, nitric acid, and chromic acid, have been employed 
for the purpose. It is obtained by the action of chromic acid, set free by adding strong sulphuric 
acid to a solution of bichromate of potash ; the anthracene is dissolved in boiling acetic acid, or 
more generally in ordinary oil of vitriol free ' from nitric acid, and diluted with twice its bulk 
of water, in lead-lined vats. The bichromate is gradually added to the solution, when the heat 
produced is sufficient to bring about the complete reaction. When acetic acid is used, some method 
must be adopted for its recovery. The anthraquinone is precipitated hy the addition of water, 
and well washed ; it separates in the form of light, silky, almost colourless needles, which are dried 
in thin layers on trays, ready for subliming ; the retorts used are similar to those for subliming 
crude anthracene. 

On the large scale, thoroughly purified anthracene is converted into anthraquinone, by placing 
it with a little water in large lead-lined wooden vats, adding bichromate potash, or chromic acid, 
boiling, and adding sulphuric, acetic, or nitric acid. The boiling is continued for several hours, or 
even a day or more, by injected steam, which gives the requisite agitation. It is then allowed to 
settle, and the clear liquid is siphoned off ; the precipitate is well washed .for some days with 
boiling water, and after settling and cooling, tho water is again drawn off, and received in other tanks 
for further subsidence for several days. The washed anthraquinone is dried in a filter press, and is 
then a yellowish-white, silky, crystalline powder. The solution of the chromium salts is recon- 
verted into bichromate, or use^l in making chrome-alum. 

Tlie methods which have been proposed for converting anthracene into antlir.rquiuone are : — 

(1) Anthracene, 1 part; bichromate of potash, 2J parts; concentrated acetic acid, 10-15 parts; 
heated in a clay or glass vessel at 100°-120° (212°-248° F.), till nearly all the bichromate is 
dissolved, and the liquid has acquired a deep-green colour. 

(2) Acetic acid is replaced by sulphuric acid dduted with 1-2 parts water. 

(3) Anthi-acene, 1 part; glacial acetic acid, 10 parts; heated to 100° (212° F.) ; nitric acid 
(sp. gr. 1-3) is added in small portions at a time till the violent reaction ceases ; tho acetic acid is 
partly recovered by distillation. The objection to nitric acid is the alleged formation of nitro- 
compounds, whicli is said not only to impede the purification of the product, but involve a loss, 
from the conversion of the anthracene into compounds incapable of yielding alizarine. 

(4) The method proposed by F. Baeyer, to heat anthracene with 5 parts manganese to 200° 
(392° F.), answers very well on a small scale, and yields the sublimed authraquinone at one 
operation. 

The crude anthraquinone thus obtained is washed with water, dried, heated with sulphuric 
acid to 120° (248° F.), and the carbonized matter is removed hy washing and filtering. The 
anthraquinone is thus raised to 93-96 per cent, and is purified by sublimation in iron retoits fixed 
over a naked fire, the sublimate being blown over into the subliming chambers by superheated 
steam. Much of the substance is decomposed and leaves a fine hard coke, the loss being about 30 per 
cent. This coke is, according to Bolley and Kopp, rich in chromium oxides ; it may therefore 
be possible that the loss is due to imperfect washing of the anthraquinone : on the small scale, it 
sublimes without leaving any l•e^idue, which may he attributed to the more easily controlled heating, 
and may suggest its being sublimed on a large scale by supplying it continuously to the retorts. 
The sublimate has a fine, silky, crystalline texture, a light-yellow colour, and contains streaks of 
reddish, crystalline matter. It is diied on canvas in heated rooms, and mixed by sifting, when 
it is ready for conversion into bromo-, chloro-, an<l nitro- compounds. 

Dib, oiuanthraquiiione, €1411582(0 is formed by the direct action of bromine on anthraquinone 
at 160° (320° F.) ; it is more conveniently made from tetra-hrom-anthraceiie, one part of which 
is heated with two parts chromate potash, and 5 to 6 parts colourless nitric acid, sp. gr. 1-4, 
in a large flask, as the action is very violent at first, and the liquid frequently froths ; the action is 
complete as soon as bromine vapours cease to escape. It is mixed with water, and the pale-yellow 
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tnttaa ig collected On a filter, washed, and recrystallized from benzol. The oxidation succeeds as well 
with glacial acetic and chromic acids. Dibromanthraquinone crystallizes in light yellow needles, 
and sublimes unaltered in the same form. 

Sulpho-compounds . — Anthraqninone heated with sulphuric acid and mercuric nitrate, and the 
product treated with soda or potash, produces disulpho-anthraquinonic acid. 

Anthraquinone, and sulphuric acid (sp. gr. 1-8-18), in the proportions of 1 to 3 parts by 
weight, are heated in a glass or porcelain retort at 260° (500° F.) till the former is completely con- 
verted, as shown by its complete solution in water. The mixture is then left to cool, and diluted 
with water, and the excess of sulphuric acid is removed by the cautious addition of carbonate 
lime ; the sulphate is removed by filtration, and the filtrate is treated with carbonate soda or potash, 
to remove any traces of lime ; the evaporation of clear solution leaves the sulpho-acids of anthra- 
quinone combined with the alkali. 

It has been found that there is no need to convert the anthracene first into anthraquinone ; the 
same results are attained by converting anthracene into sulpho-anthracenic acids, and then 
oxidizing into sulpho-anthraquinonic acids. Anthracene, and sulphuric acid (sp. gr. 1-848), in the 
proportion of 1 to 4 parts by weight, are heated for about three hours at 10ll° (212° F.), and the 
heat is then raised to 149° (300° F.), and maintained till an entirely soluble product is obtained. 
This is diluted with about three times its weight of water, and to the solution is added, for every 
1 lb. anthracene employed, 2-3 lb. manganic dioxide, so that on boiling, the oxidation may be 
complete. The free sulphuric acid and oxide manganese are removed by milk of hme, which 
is added till the reaction is alkaline ; carbonate soda or potash, added to the filtrate, removes the 
lime, and yields the alkaline salt in solution. Peroxide lead, chromic acid, nitric acid, or other 
acids capable of effecting the desired oxidation, may be employed. It is necessary, however, if the 
oxidant be soluble, to remove its excess before carrying out the second part of the process : nitric 
acid may be driven off by evaporation ; chromic acid, and peroxide lead, may be acted on by 
a current of sulphuretted hydrogen, or sulphurous acid. According to another plan, anthracene, 
1 part, and sulphuric acid, 4-6 parts, are boiled for some time, diluted with water, and neutralized 
with carbonate lime or baryta, or caustic alkali; the resulting sulphates of lime or baryta are 
removed by filtration, and the clear solution is heated at 180^-20l>° (356°-392° F.) 

To convert anthracene into ohloro-anthracene, and afterwards into sulpho-anthraquinonic acid, 
the anthracene in fine powder is spread out, in contact with chlorine, on leaden trays, for about 
twenty-four hours ; this crude dichlor-anthracene may be used at once, or after puiification by 
crystallizing from benzol. One part of it is mixed with 4-5 parts fuming sulphuric acid, and 
excess of binoxide manganese, and the whole is heated at 112°-149° (234°-300° F.) till it will 
dissolve in boiling water. The product is diluted with three or four times its bulk of water, and well 
boiled with excess of biuexide manganese, till the diluted solution does not appear fluorescent ; 
it is then poured off, and milk of lime is added until the solution is alkaline ; the whole is well 
boiled and filtered, and the residue on the filter is well washed. The filtrate is concentrated, and 
carbonate potash or soda is added until all the lime is precipitated. 

Nitro-compmnds. — Meister, Lucius and Briining’s method of oxidizing anthracene into anthra- 
quinone by nitric acid, with formation of nitro-anthraquinones, is objected to as causing a serious 
loss ; the firct, however, of this patent (1872, No. 2649) being extensively worked in England con- 
tradicts the existence of any great obstacle, even if a loss can be established ; and it is not 
improbable that the loss (if any) has been due to impurities and their subsequent elimination, 
or intermediate reaction due to their presence ; probably the use of nitric acid in such quantities 
as to produce only mono-nitro-anthraquinone may explain why nitric acid has not been an advan- 
tageous oxidizer. Highly purified anthracene, melting, at 207°-210° (405°-410° F.), is heated 
for some time with a mixture of bichromate potash and dilute nitric acid ; the product is boiled 
for three hours with six parts by weight of fuming nitric acid (sp. gr. 1-50) ; this yields a yellow 
solution ; from this, after boiling, and addition of water, is formed a yellowish precipitate, which 
consists principally of dinitro-anthraquinone. The acid liquor is filtered off’, and may be used 
ill the oxidation of a further quantity of anthracene. 

Niteo-bbnzols : Nitbo-tolcols : Niteo-xtlols. — B enzol, toluol, and xylol dissolve in nitric 
acid, with evolution of heat ; on the addition of water, the nitro compounds are obtained, as heavy 
oily liquids. 

By boiling benzol with strong nitric acid, or with a mixture of strong sulphuric and nitric acids, 
dinitro-benzol is formed. Toluol forms two isomerides with nitiic acid, which are separated 
by distillation : 1-4 nitro-toluol melts at 54° (129° P.), and boils at 237° (459° F.); l-2nitro- 
toluol does not solidify in a freezing mixture, and boils at 223° (433° F.). Dinitro-toluol exists 
in two forms : the first is produced by acting on 1 • 4 or 1 • 2 nitro-toluol, with hot concentrated nitric 
acid, and crystallizes from alcohol in long, colourless, brittle needles, melting at 71° (160° P.) ; 
the second is obtained from 1-3 nitro-toluol, with concentrated nitric acid, and forms long, yellow 
needles, melting at 60° (140° F.). Xylol, or iso-xylol forms similar compounds : nitro-isoxylol is a 
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pale- yellow liquid, boiling at 239° (462° F.) ; the dinitro compound crystallizes from alcohol in 
long, brilliant prisms, melting at 93° (199° F.) ; the trinitro forms colourless crystals, melting at 
177° (351° F.). Before nitrating toluol and xylol, it is important! to wash out all traces of the 
heavy oils, in the same way as from naphtha and benzol (q. v.), otherwise explosive compounds 
may be formed. 

Nitro-benzol was first made on the large scale by Collas, at Paris, and was sold under the name 
of “ Essence of Mirbane.” It is generally prepared by the action of two parts fuming nitric acid 
and one part concentrated sulphuric acid; the benzol is placed in the still, and the acids are 
gradually added, with agitation ; the nitric acid must be applied slowly, until red fumes appear. 
The end of the reaction is indicated by the liquid becoming colourless, or nearly so, and separating 
into two distinct strata, on the addition of water. 

Figs. 484 and 485 represent one of a series of apparatus described by Perkins (Cantor Lectures) 
as being used for its manufacture in this country ; a, cast-iron pot standing on brickwork ; 6, outlet 
for finished product ; c, inlet for raw materials ; 
d, an iron pipe to carry away nitrous fumes, 
connected with a condenser for collecting the 
benzol which is evaporated; e, spindles of 
stirrers, worked by toothed gearing, and 
entering the pot through a water-lute supplied 
with nitro-benzol ; the pots are cooled by 
water fiowing over them, as at /. The use of 
the sulphuric acid is to take up the water 
which is formed, thus keeping the nitric acid 
undUute, and preventing action on the pot. 

When 6 is opened, a mixture of acids first 
runs out; then the nitro-benzol, which is 
washed and distilled, if necessary. Washing 
may be effected in closed cast-iron tanks, sup- 
plied with exhausters, for drawing oflf the 
nitrous fumes, and, at the bottom, with a per- 
forated serpentine ooQ for conveying lime water, or water, in the form of fine spray. The final 
washing is made with water, but the presence of a little lime is not detrimental. Distillation 
should be performed by steam, 

Nitro-benzol has generally a brown colour, but when quite pure, is a pale-yellow, strongly- 
re&active liquid, boiling at 220° (428° F.) ; it has a burning sweet taste, and a smell resembling 
that of oil of bitter almonds and cinnamon ; its specific gravity is about 1 • 200. 

Nitrate of soda is sometimes used instead of nitric acid ; in this case, the sulphuric acid added 
must be sufificient to convert the soda into the acid sulphate. The advantage is the comparative 
inexpensive production of concentrated nitric acid. The same apparatus is applicable. 

When properly made, the yield of nitro-benzol should be 130-135 per cent, on the benzol 
employed. Three kinds are met with in commerce : — “ Light,” boiling between 204° and 210° 
(400° and 410° F.), constituting the “ essence of mirbane,” and used for scenting common soaps, and 
in low-class perfumery; “heavy,” boiling between 210° and 220° (410° and 428° F.), possessing a 
fatty smell and rather dark colour, used chiefly for the preparation of aniline reds ; “ very heavy,’’ 
boiling between 221° and 235° (430° and 455° F.), with disagreeable smell, and chiefly used for 
colours requiring high-boiling anilines. The essence of mirbane is sold as artificial oil of bitter 
almonds. 

Aniline. OsHj.NHj. — Tliis substance was discovered in 1826, by Unverdorben, who obtained it 
from indigo, hence its name, anil, being the Portuguese for indigo. It exists in the heavier tar- 
oils ; but its extraction from them is a matter of scientific curiosity rather thau of commercial 
importance, and its quantity is too small to compete with nitro-benzol. By the action of reducing 
agents, nitro-benzol is converted into “aniline,” or “ amido-benzol.” The process generally used 
for the commercial production of aniline, is, with slight modifications, that known as Bechamp’s. 
In a capacious retort are mixed 1 part by weight of nitro-benzol, 1'2 part of iron-filings, and 
acetic acid (1'068 sp. gr.) equal in volume to the nitro-benzol. A reaction immediately com- 
mences, with active eflfervescence, accompanied by a rise of temperature. To prevent the passing 
over of the acetic acid, it is well to cool the retort. Whatever may have passed over should be 
returned, and, after a little time, the distillation may be begun. The product will consist of 
aniline, acetate of aniline, and acetanilinc, the last appearing towards the end of the operation. 
A little milk of lime, or potash, added before distilling, will greatly prevent the passing over of 
the two last. By using acetate of protoxide of iron, the action has been rendered less energetic, and 
more controllable. The yield of aniline will be 60-65 per cent, on the nitro-benzol used. 

The main points in the commercial production of aniline are practically the same ; but scarcely 
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two mannfactnrers adopt the same details. The superiority of many of the aniline colours depends 
upon the quality of the aniline employed, which is generally subjected to one or more rectifications. 
This is performed by distilling, and colleeting the distillates separately, the portion richest in benzol- 
aniline being collected between 182° and 199° (360° and 390° r.). It is difficult, by fractionizing, to 
free aniline from toluidine, consequently high-class benzols should be used for low-boiling anilines. 

Some manufacturers reduce the nitro-benzol to crude aniline in separate vessels, and distil in 
special retorts ; this is not necessary, and the two operations are usually performed in the same vessel. 
A great advantage in this consists in obtaining the aniline at one operation ; the unaltered benzol is 
collected, and returned to the still, until the reduction is complete, when direct heat may be applied, 
and the aniline may be drawn over sufficiently pure without further rectification by distilling, 
unless for the very finest class anilines. In this case, a little lime is thrown into the still before 
drawing over the aniline. Much depends upon the extent of the operations : a method which 
would be far from economical on a small scale, may be the only one practicable on an extensive 
scale. On a small scale, it is better to work with nitro-benzol suited to the special description of 
aniline required, and to work it otf in one still, as shown in Fig. 186. A cylindrical still A is fitted 
into masonry, with a furnace so constructed as to avoid direct action of the fire. Through the 
cover, which is bolted on, passes the spindle a of 
the agitator b, which rotates during the whole 
time that the conversion is going on ; a bent 
tube or still head c, fitted to the cover, conveys 
the vapour to a properly cooled condenser. Be- 
fore the cover is bolted on, it is usual to put 
into the still the required quantity of iron- 
turnings, otherwise a suitable opening d must be 
left, especially for continuous working, to avoid 
removing the cover every time the still is filled. 

A small opening c, provided with a stop-cock, and 
communicating with the nitro-benzol reservoir, 
enables this liquid to be delivered as requiied, 
at or near the bottom of the vessel, so as to avoid 
its evaporation before coming into contact with 
the iron-turnings. A quantity of acetic acid is 
poured over the turnings, either all at once, or 
gradually. It is sometimes replaced by hydro- 
chloric acid, whose more energetic action requires 
it to be added more cautiously. The heat gene- 
rated will drive some unaltered nitro-benzol into 
the condenser ; this should be poured back again. Tire agitator should be worked gently, and at 
intervals, as required. As the nitro-benzol is added, the heat increases, and when no further 
augmentation of heat is perceived, the reaction may be considered almost complete ; this, how- 
ever, will depend upon the way in which the operation has been conducted. The main pre- 
caution is the prevention of volatilization, until the whole of tlie nitro-benzol is reduced ; iu order 
to secure this more effectually, it is better to add the liquids alternately at intervals, and to keep 
them well cooled and agitated. 

When the liquids which pass into the condenser remain clear on the addition of hydrochloric 
acid, it may be assumed that aU the nitro-benzol is reduced ; and the distillation may be com- 
menced, by lighting the fire under the still. The spindle « is hollow, so as to admit the steam from 
the pipe fg for distilling. A little care will remove most of the difficulties of the process ; and, by 
giving a little extra time for working off the charge, a product can be obtained, which, by one rJeti- 
fication, will yield an aniline of sufficient purity for almost any purpose. The aniline can be freer! 
from the mass by occasionally stirring with the agitator. 

Crude aniline is generally fractionized by the colour manufacturer, who is often in a position to 
supply himself with anilines whiclr he could purchase only at a highly enhanced cost. 

AnUine is a limpid liquid, with strong refracting power, colourfess when pure, but generally of 
a pale-sherry colour, which rapidly turns brown on exposure to air and light ; it possesses an agree- 
able, aromatic, vinous odour; it bums slowly and with a smoky flame, at ordinary temperatures, but 
with great violence when strongly heated; its sp. gr. is 1-02 at 16° (61° F.); it boils at 182° 
(360° F.) ; it forms well-defined salts wifii acids, which furnishes a means of separating it from any 
unaltered benzol ; it is very poisonous ; its sulphate has been used medicinally. 

Commercial anUines are of variable character, and consist principally of aniline, para-toluidino 
meta-toluidine, xylidines, and cumidines. Light aniline oils distil generally at about 162° (360° F.)' 
the heavy oils, above this point ; the term “ aniline-tailings ” is applied to the heaviest oils, of lii.dl 
boiling-points. Tables have been drawn up, showing the proportion of heavy and light aniliL' 
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oils for different shades of colour ; but they are scarcely reliable. Reimann says that the best oil 
for “ fuchsine ” is that yielding 61 per cent, of distillate between 185° and 190° (365° and 374° F.), 
and 28 ■ 5 per cent, between 190° and 205° (374° and 401° F.) ; Girard and De Laire state that the 
most suitable oOs are those containing about equal quantities of true aniline and toluidine, and 
yielding 10 per cent, between 182° and 185° (360° and 365° F.), 40 per cent, between 185° and 
195° (365° and 383° F.), and 10 per cent, between 195° and 200° (383° and 392° F.) ; Kopp says the 
best “fuchsine” oils are those which almost wholly pass over between 185° and 210° (365° and 
410° F.) ; while Hofmann found that various specimens of the oils actually in use on the large scale 
boiled between 182° and 220° (360° and 428° F.). 

These anilines, or “ aniline oils,” as they are called, serve for the industrial production of the 
“aniline colours,” or “toluidine colours,” of which the principal are — 1. Red: rosaniline or 
magenta, toluidine, xylidine, &c. ; 2. Blue : phenyl-rosanilines, dipheuylamine, toluidine, aldehyde, 
&o. ; 3. Violet : rosaniline, mauve, phenyl, ethyl, methyl, &c. ; 4. Green ; iodine, aniline, leucaniline, 
chrysotoluidine, aldehyde, toluidine, methyl-aniline, (fee. ; 5. Yellow, and orange : leucaniline, 
phenylamine, &c. ; 6. Brown : chrysotoluidine, &c. ; 7. Blacks : aniline, toluidine, &o. ; 8. Greys. 

Aniline readily combines with the iodides and bromides of alcohol radicals ; it comports itself in 
this reaction like an “ amine,” and, for this reason, was formerly called “ phenyl-amine.” The 
names of these aniline products are made up of a prefix from the name of the alcohol employed and 
the terminal “ aniline.” 


Qj£ . — When aniline is mixed with methyl-iodide, a violent reaction sets 

in, accompanied by copious effervescence, so that on mixing it is best to agitate the vessel, to faci- 
litate the escape of the vapours ; on cooling, the mass solidifies into crystals of methyl-aniline 
hydriodide. It is also produced, together with dimethylamine, by treating aniline hydrochloride 
with methyl-alcohol under great pressure in a “ cohobator.” The base (methylanile) is obtained freei 
by adding caustic potash, and distilling. It is a colourless liquid, resembling aniline, and boiling at 
193° (378° F.) ; it gives a blue coloration with bleaching powder ; and forms salts having a striking 
resemblance to aniline. The amido derivative of dimethyl-aniline, or dimethyl-phenylene-diamine, 
is converted into a blue colouring matter, by Caro (1877, No. 3751), by adding a solution of ferric 
chloride to the acid fled and diluted solution, and passing a current of sulphuretted hydrogen, until 
the colour is produced. 

{ XT 

Q jj . — When anhydrous aniline and bromide of ethyl are mixed to- 


gether, and slightly heated in a flask, so as to allow the bromide of ethyl which evaporates to fall 
back again into the aniline, the mixture soon boils, and, on cooling, becomes a crystalline mass. If 
this product is mixed with a solution of caustic potash, and distilled, there will be obtained a clear 
colourless liquid, readily turning brown on exposure to the air, and boili% at 204° (400° F.). It 
does not yield a violet colour with alkaline hypochlorites. Its salts are readily soluble, and with 
ditfieulty crystallizable. 

Di-ethyl-anilitie. C 5 H 5 N(C 2 H 5 );. — This is obtained by acting on mono-ethyl-aniline with bro- 
mide or iodide of ethyl in excess. At ordinary temperatures, the bromhydrate of di-ethyl-aniiine 
requires four or five days to separate out ; it boils at 157° (315° F.). 

A simple cohobator is shown in Fig. 487 ; it consists mainly of a digester A, made of copper, 
for high pressures, and connected with a worm B, where all vapours given off are condensed, and, 
by opening the cock C and closing O', are 
returned to the digester: by closing C and 
opening C', they can be collected in D, G is 
a pressure gauge, and V, a safety valve. The 
cock S is opened for relieving pressure, or for 
distillation. The two parts of A, which are 
nearly spherical, are firmly bolted together. 

A steam pipe P admits steam, when neces- 
sary, to carry off any of the products. When 
the whole of the materials cannot be placed in 
the digester at one time, a tube is fixed to the 
top, and is supplied with two cocks ; the 
lower one is first shut and the upper one is 
opened, when a supply of the ingredients 
occupies the space between them; then by 
closing the upper cock and opening the lower one, the supply can flow in at any required rate. 
A pipe and stop-cock, communicating with the digester and tube, render the pressure the same 
in both when the upper cock is closed 

Poirrier and Chappat prepare alcoholized anilines without the use of iodine or bromine. Hydro- 

2 r 
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chlorate of anUine, or any other salt of this base or its homologues, and the alcohol of which it is 
desired to obtain the radical, are heated in a close vessel under pressure. Alcoholic salts and 
aniline may be treated in the same way, with the same results. Methyl-alcohol treated with the 
hydrochlorate of aniline requires 175°-210° (317°-410° F.) for three or four hours, and a longer 
period will do no harm ; but at 250°-300° (482°-572° F.), one or two hours will suffice. Hydrobro- 
mate, or hydriodate of aniline may be used, and requires only 100°-200° (212°-392° F.). The pro- 
portions are 100-150 parts alcohol to 100 parts aniline salt. The operation produces a salt of the 
new aniline base, according to the acid employed ; this salt is decomposed by soda or potash, and 
yields a mixture of alkaloids, containing one or more molecules of the alcohol radical. These are 
separated by fractional distillation. The portion passing over at or about 192'’ (378° F.) is methyl- 
aniline (supposing methyl-alcohol to have been used), and that at 202° (396° F.) is di-meth\l- 
aniline. The products above these points are methyl-toluols, -xylols, &c. ; corresponding to the 
quality of aniline employed. Aniline, 100 parts; chloride ammonium, 80-100 parts; and alcohol, 
100-150 parts, heated to 275°-300° (527°-572’ F.), for two or four hours, yield a liquid separating 
into two layers, of which the oily supernatant one is their new alkaloid. 

Mono-amyl-anilme. CjHj.CjHn.NH. — A mixture of aniline and bromide-amyl is allowed to 
stand for a few days, when crystals of hydrobromate of amyl-aniHue separate out ; these are decom- 
posed by potash, when the base is obtained free by distillation. It is a colourless, oily liquid, smelling 
of roses, and boiling at 258° (496° F.) ; it forms, with many acids, cryotallizable salts, not easily 
soluble. 

Di-amyl-aniline. CsHsNfCjH,,),. — By heating the above at 100° (212° F.) with bromide amyl, 
crystals of hydrobromate of di-amyl-aniline are formed ; from these, the base may be obtained by 
distming with potash ; it boils at 275°-280° (527-536° F.), and yields sparingly soluble salts. 

( 1 

Acetanilide, aoetaniline, or acelyl-phenyl-amine. jC-HjOj N. — This substance may be obtained by 

the action of acetyl chloride or acetic anhydride upon aniline, or by the distillation of acetate of 
aniline, hence its occurrence in crude aniline which has been distilled without lime. According to 
Greville 'Williams, it is prepared as follows ;— Glacial acetic acid and aniline are mixed in equal 
proportions, and distilled ; the distillate is returned till it begins to deposit in crystals near the 
outlet of the still ; when the receiver is changed, the head of the still is kept warm, and the 
distillation is proceeded with. The yield of acetaniline equals the weight of acetic acid employed. 
It is sparingly soluble in cold water, and crystallizes, from a boiling solution, in shining plates, 
melliug at 106° (223° F.), and boiling at 292° (558° F.). It begins to volatilize at 100° (212° F.), 
and sublimes at 200° (392° F.). 

On adding 80 parts water to a mixture of acetaniline and aceto-toluidine dissolved in four 
parts glacial acetic acidfthe aceto-toluidine precipitates by standing, whilst the aoetaniline remains 
in solution. This may be conveniently employed for the separation of aniline and toluidine in the 
examination of a sample of aniline, when greater accuracy is necessary than can be obtained by 
fractionizing. 

Amido-azodienzol, CfiH 5 .N 2 .CgH^.NH 2 . This is produced by passing nitrogen trioxide into a 
warm solution of aniline, and by reduc ing mono-nitro-nzo-benzol with ammonium sulphide. It 
crystallizes from alcohol in yellow needles, which sublime at a high temperature ; it is a weak base, 
forming salts of a red or violet colour. It is the commercial source of “ aniline yellow ” (q. v.). 

Tri-amido-azo-benzol. - — The hydrochloride of this base forms the principal 

portion of “ phenylene-brown,” or “Manchester-brown,” which is manufactured by adding a 
solution of sodium nitrate to a cold solution of para-amido-azo-benzol hydrochloride. See phemy- 
lene-brown. 


Diphenylamine, or Phenylaniline. 


CgHg 

CeHg 

H 


N, This is formed when a mixture of aniline and aniline 


hydrochloride is heated under pressure. It is a crystilline solid, melting at 45° (113° F.), and 
boiling at 310° (590° F.); possessing a peculiar and agreeable smell; and forming salts, which are 
decomposed by water. With nitric acid, it yields an intensely blue liquid. Hofmann obtained it 
by the dry distillation of tiiphenyl-rosaniline. It is found in the distillate at 280° -300° 
(536°-572° F.). and, when mixed with hydrochloric acid, forms the solid chloride of diphenylamine, 
which is not soluble readily in this acid ; it is purified by washing in alcohol, and crystallizing in 
needles from its solution in petroleum spirit ; on exposure to the air, these crystals turn blue. By 
treatment with ammonia, it separates as a colourless, oily liquid, passing quickly into a crystalline 
mass. 


IHtoluyl-amine, Phenyl-toluyl-amine,and Diplenylamine.—Tiheso: substances are prepared in a wrought- 
iron spherical digester, supplied with safety valve, pressure gauge, thermometer tube, and a screw- 
plug, or large stop-cock connected with a condenser. The capacity of the vessel is about twice the 
bulk of liquids to be operated upon ; small quantities should be dealt with. About 70 kilo, anh vdrous 
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aniline hydrochloride, and 50 kilo, aniline are heated together for two hours at 200° (392° F.), while 
the condenser is connected. The heat is gradually raised to 215°-220° (412°-428° F.) ; the outlet is 
then closed, and the heat is raised to 250° (489° F.), this pressure being 10-15J atmos. The operation 
lasts twelve hours ; during six hours, the heat is gradually raised from 240° to 260° (464°-500° F.), 
and the pressure from 3 to 5 or 6 atmos. The yield should be 60-75 per cent, on the weight of aniline 
employed. The liquids which pass over consist principally of water and hydrochloric acid, aniline, 
&c.; and are not returned to the digester. After cooling, the crude mass is dissolved in 70 kdo. 
cold hydrochloric acid, and the solution, filtered if necessary, is poured into 300-400 lit. water, 
and left to settle for twelve hours. The hydrochlorate of diphenylamine is decomposed; the 
liberated base falls to the bottom, and the hydrochlorate of aniline, remaining in solution, is 
recovered by evaporation. The diphenylamine is first washed with a little boiling water, and 
then with a weak solution of caustic soda ; it is finally crystallized from its solution in alcohol, or 
light petroleum spirit. If toluidine and its hydrochlorate are heated in the same way, ditoluylamine 
is obtained. When aniline or aniline salt is heated with toluidine or a toluidine salt, phenyl- 
toluylamine is obtained. Commercial diphenylamine is thus a mixture of diphenyl-ditoluyl, and 
phenyl-toluyl-amine ; from it, diphenylamine blue is obtained, by oxidation or abstraction of 
liydrogen. Ditoluylamine gives a blue with a brownish-red tint, and phenyl-toluyl-amine gives a 
bluish or blue-violet; but a mixture of the two, in the proportions of 11 to 18, yields a fine pure 
blue. It is essential that the ammonia generated by the reaction should be removed from the 
digester ; otherwise a loss of 30-40 per cent, upon the product is incurred. 

Methijl-diphent/l-amine. (CjH 5 ) 2 NCH 3 . — This base, according to C. Bardy (Xo. 376, 1870), is 
obtained by reacting upon diphenylamine or its salts, with methyl-alcohol, or its substitution 
products, at variable temperatures according to the substance employed. The product is treated 
with caustic alkali. Whatever process be employed, the new base is an oily substance, even at 0° 
(32° F.) ; its boiling-point is near that of diphenylamine, from which it is very easily distinguished, 
by the fact that with nitric acid it develops a colour identical with that of permanganate potash. 
It is transformed into colouring matters, by treatment with any substance capable of eliminating 
hydrogen, whether directly or indirectly, to which reaction it very readily submits. Nitrate mercury 
at about 40° (104° F.), sometimes acts so powerfully that the mixture begins to bum. Perchloride 
iron, at about 100° (212° F.), rapidly transforms it into a resinous substance, of brownish-red tint, 
which, when dissolved in alcohol, becomes a pure blue. Heated to 190°-200° (374°-392° F.) with 
sesquichloride carbon, it quickly gives a resinous substance, which affords a reddish-blue colour 
when dissolved in alcohol ; hydrochloric acid precipitates the blue colour of the solution, while a 
violet colour remains in the mother-liquor. The proportions of the reagents may vary between 
wide limits without preventing the production of the colours. These latter are purified in the same 
way as aniline colours. Their solutions act directly as dyes. 

Methijl-iemyl-diphenyUamine . — Girard and De Laire (1869, No. 3675) thus prepare this sub- 
stance ; in a digester, are heated 1 J-3 parts chloride or bromide of benzol, or its homologues, 
with 1 part methyl-aniline or its homologues, at 210° (410° F.). By using a pressure of about 
15 lb. in the same apparatus, the proportions may be I.l : 2, the operation, in each case, lasting 
about three hours ; the same result is gained by leaving the mixture to itself for several days at 
the ordinary temperature. The product is purified by washing with caustic soda and water, and 
distilling if required. 

Toluidine, Tohtylamine, or Amido-toluol. C^H/CHjNH.). — There are two methods of obtaining 
this base on the commercial scale ; by reducing nitro-toluol, and by separating bases in commercial 
aniline ; as the pure article is not required, the l.atter method is the one generally adopted, the 
product being more or less pure according to the limits between the fractionizings. Brimmeyr 
takes the fraction of commercial aniline which comes over in two successive fractionizings between 
195° and 205° (383° and 401° F.), and separates the bases, first converted into oxalates. Eeimann 
divides anilines into two classes, light and heavy ; light or Kuph-anilincs conhdn 90 per cent, 
aniline, 5 per cent, toluidines, and none of the higher homologues ; whilst heavy or B.ir-aniliiics 
contain 70 per cent, toluidines, and 30 per cent, of the higher homologues. By mixing these or 
similar anilines together in different proportions, articles suited to all requirements may be produced. 

Heavy anilines are obtained from the nitro compounds of low-class benzols containing much 
toluol; the lighter oil which comes over in rectifying, is kept apart for the light anilines. 
Generally, two distinct kinds of heavy anilines are prepared : one from the nitro-compound of 
rectified toluol ; another from the nitro-compound of toluol, containing more or less xylol. As 
a rule, the lightest anilines give little advantage over the heavier medium oils, which can be 
produced at much less cost, and without much sacrifice in their qualities for colour-making. From 
such oils, it is always easy to obtain the lighter oils, for blacks, &c., by collecting what comes over 
in the manufacture of magenta, &c. The manufacture of anilines is not generally carried on at 
tar works ; but is more usually attached to a distinct branch of the business, in which the 
rectification of benzols, toluols, &c., forms the very important connecting link between tar-distilling 
and dye-making. 
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Xylidine . — This base may be formed from the nitro-compound of xylol, in the same way as 
aniline from nitro-benzol, as proposed by Beohamp. Hofmann and Martins have rendered it 
probable that coal-tar xylidine should be considered as dimethyl-phenylamine, C 8 H 3 (CH 3 ) 2 NHj. 

Many other substances which exist in coal-tar and naphtha are intentionally omitted. With 
respect to the impurities and compositions of commercial anilines, a few words may be necessary ; 
so little is known of the influence of some of these so-called impurities, that it is impossible to 
direct a manufacturer in the rejection of an aniline, but it is easy to indicate for particular appli- 
cations what is required. An important fact to be borne in mind is, that aniline is not a definite 
compound to which chemical tests can be applietl : purer tints and finer shades are often due to an 
accidental circumstance ; no manufacturer, without the strictest care, can always produce exactly the 
same anilines, and it is doubtful whether the cost of production would be justified by the advantages 
which are supposed to arise. There is a point, however, to which the attention of the colour manu- 
facturer must be directed : it frequently happens, with piece goods, that a singular variation of 
tint is perceptible even with the same vat of dye, and the same piece of fabric ; whether the dye- 
stuff, or fabric, or both combined, have to answer for this, ought to be determined, otherwise 
aniline dyes may have to bear the blame which should be laid on a careless dyer, or they may even 
be used to detect admixtures of different fibres. 

Sosaniline. CjjHigNj. — A great number of colouring matters bearing the names aniline red, 
magenta, azaleine, rubine, solferino, fuchsine, chryaline, roseine, erythrobenzine, &e., met with 
in commerce, are salts of this base in a greater or less degree of purity. By heating a mixture 
of aniline, toluidine, and pseudotoluidine with arsenic acid or otlier oxidizing agents, the crude 
colouring matter is produced. The proportions generally employed in this country are — aniline 
commercial, 1 part; arsenic acid, 75 per cent dry acid, li-2 parts, by weight. On the Continent, 
800 kilo, commercial aniline are mixed with 1370 kilo, solution arsenic acid, 72 per cent, dry acid. 
The quantity of water used must be such, that the arsenic acid solution does not deposit crystals 
on cooling. The aniline must contain a certain quantity of toluidine, and is known as “ magenta 
aniline”; the most suitable for good rosaniline is that boiling bct\ieen 185° and 200° (356° and 
392° F.). 

The most approved form of apparatus for the manufacture of magenta is that described by 
H. Cant, of the firm of Evans, Cant, and Co., of Stratford. It is shown in Figs. 488 and 489. 




Aniline and arsenic acid are introduced together into a TJ-shaped boiler with flat ends, heated by a 
furnace, and set so as to avoid direct action of the fire. The furnace deor F, and ashpit door A, 
allow of very nice regulation of the draught, which is a matter of great importance. The ends of 
the boiler are left exposed, and in one of them is an aperture o, for emptying it; through them 
passes the spindle of the agitator G, and at the top is an opening P, and a “goose-neck” of 
copper S, connected with a copper condensing worm, contained in a suitable receptacle, so as to 
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collect the aniline and water given off during the heating. The great advantage of this arrange- 
ment is that the contents are removed by a smaU door, secured by wrought-iron bolts and wedges, 
and the framework of which prevents waste trickling down when emptying. The charge for these 
boilers should not be more than half the capacity of the boiler ; the time required to work off a 
charge of 1200 lb. auUine and 2200 lb. arsenic acid is about eight hours. These proportions will 
yield approximately — water, 730 lb. ; aniline, 370 lb. ; crude “ magenta melt,” 2300 lb. 

It is necesiary that the agitators be well worked even whilst the ingredients are being added, 
otherwise the mixture becomes solid, and has to be removed from the stills ; lienee an advantage in 
using a large proportion of aniline proper. The fans of the agitators should be so arranged as to 
stir every portion of the mixture. Other oxidizing agents have been proposed, but none is so largely 
used as, nor more successful than, arsenic acid. The heating should not rise above 200° (392° F.). 
The heavier unaltered aniline is removed from the melt, before emptying, by distillation with steam. 
The melt is sometimes slightly moistened with steam, so as to make it leave the stills more rapidly. 
By knocking out the wedges which secure the small door, the melt is received in an iron pan 
(see Fig. 489) ; a piece of sheet iron, acting as a spout, prevents its trickling down over the furnace. 
The fire and ashpit doors being shut, the agitator is worked to assist its flowing out, the workmen 
then leave the spot so as to avoid the fumes. The aniline and water which come over are separated ; 
the aniline, recovered and rectified by distillation with a little lime, is best suited for all purposes 
requiring a low boiling aniline. The rosaniline is separated from the crude melt either by con- 
verting it first into a salt, or by first obtaining the base, purifying it, and then converting it into a salt. 

During the heating in the stills, a kind of humus is formed ; this is removed from the 
colouring matter by boiling for four or five hours, with continuous agitation, in water heated by 
steam, with the addition of very dilute hydrochloric acid (7 lb. commercial acid to 350 gall, 
water). The humus separates out, and the liquor is drawn off, and passed through flannel in a 
filter press : the filtrate contains hydrocldorate of rosaniline, arsenious and arsenic acids, and some 
chlorides of arsenic ; the addition of carbonate soda neutralizes the free acid, and the colouring 
matter is precipitated, with a little arseniate. An excess of hydrochloric acid facilitates the 
separation of the rosaniline salt. 

The rosaniline converted into hydrochlorate is purified as follows ; — a quantity of solution con- 
taining 1 ton of the crude salt is placed in a large iron tank, to this is added about 1 J ton of common 
salt, in small quantities at a time, and dissolved by a jet of steam let into the bottom of the tank by 
a tube ; the hydrochlorate is almost insoluble in the solution of common salt, and separates on the 
surface of the liquid, the arsenic and arsenious acids being retained in solution as arseniates and 
arsenites of soda. At the end of a few days, the colouring matter remaining in suspension collects on 
the top, as the liquid becomes cold, and is then removed. It is washed with a little boiling water, to 
remove adhering salts, and is then sufficiently pure for many purposes. Its further purification is 
effected as follows : — It is dissolved in boiling water, filtered tliiough flannel, and allowed to cool in 
large tanks, in which are suspended threads of wool ; at the end of several days, the salt has 
crystallized on the threads, and on the bottom of the tank ; the former is sold as “ pure ” or 
“ refined,” the latter is generally used for the manufacture of other dyes, as green or blue. 

The mother-liquor from a previous crystallization is generally used for dissolving the crude 
rosaniline after the separation of the humus; a crop of crude crystals is obtained, and the 
mother -liquor, which still holds much colouring matter in solution, is treated with milk of lime, to 
remove the arsenious and arsenic acids, so as to avoid the dangers of poisonous salts. Any 
colouring matter carried down with the lime is taken up by acetic acid. English rosaniline, 
made in this way, unless carefully crystallized, contains a little arseniate, which accounts for the 
bad effects produced on the skin by articles dyed with the impure salt. This fact proved very 
prejudicial to aniline dyes, especially for hose, a few years ago, and ought not to be overlooked by 
the manufacturers of tar colours. The advantages of this method are absence of acid fumes diuring 
the boiling, portability of salt as compared with hydrochloric acid, and economy of cost. 

The method most extensively adopted is to boil the crude magenta for several hours, with a 
large excess of lime, under pressure in an ordinary steam boiler, with perforated agitating fans 
closely arranged, so as to thoroughly break up the melt ; any unaltered aniline is thus carried 
away and condensed, the lime is converted into arseuite or arseniate (insoluble salts), and the 
rosaniline is obtained free by filtering whilst boiling hot. On cooling, a crop of impure crystals is 
deposited, the mother-liquor is repeatedly concentrated for fresh crops, or is used for boiling with 
fresh melt. It is better to exhaust the lime residues by boiling and washing than to extract the 
remaining rosaniline by acids, as is frequently done. Wilson and Cant digest the crude base with 
commercial benzol, which takes up the resinous or gummy matters — chrysaniline and chrysotolui- 
dine ; these are recovered by driv ing off the benzol, and, after purification in the usual way, are 
sold as “ phosphine.” The rosaniline is converted into hydrochlorate by the addition of acid ; 
an excess precipitates the salt for the finer cl.iss of dyes ; it is washed with solution of common 
salt, and recrystallized ; by repeating the operation, different qualities of dye are obtained. 
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Treatment of Magenta Eesidues. — In the ordinary manufacture of rosaniline, chrysotoluidine, 
mauvaniline, and violaniline are simultaneously formed ; the separation of these not only enables a 
manufacturer to enhance the beauty of his reds, but by their separation and purification, he obtains 
a great variety of colouring matters, at comparatively little expense. The separation of these bases 
depends upon their solubiliiies in the menstrua employed. In boiling hydrochloric acid, diluted 
with 2J times its bulk of water, rosaniline is nearly insoluble, while the other bases are readily 
soluble ; on cooling, mauvaniline, and a little rosaniline, separate out as hydrochlorates. Chryso- 
toluidine is soluble in an acid solution of common salt, from which mauvaniline and rosaniline are 
precipitated. By neutralizing this solution with soda, chrysotoluidine precipitates (or violaniline) 
may be separated from chrysotoluidine and mauvaniline ; by dissolving these bases in aniline, and 
just saturating with hydrochloric or acetic acid, the violaniline is precipitated ; the filtrate is diluted, 
and mixed with common salt, by which mauvaniline is thrown down ; caustic soda in excess preci- 
pitates chrysotoluidine, and the aniline is recovered by distillation. 

Girard and De Laire proceed thus : — On boiling 1000 kilo, with 12,000 kilo, water, and 500 kilo, 
ordinary hydrochloric acid, the violaniline is taken up; 125 kilo, of the same acid is added to the 
boiling filtrate, which, on cooling, deposits hydrochlorate mauvaniline, with a little rosaniline and 
resinous matter ; 625 kilo, common salt added to this filtrate throws down a little mauvaniline, 
and rosaniline salts ; the mother-Uquor, treated with 83 kilo, carbonate soda, soon deposits salts 
of rosaniline, and a little chrysotoluidine ; the further addition of 37 5 kilo, carbonate gives a 
precipitate consisting almost entirely of chrysotoluidine ; in this way, 5-10 per cent, of colouring 
matter may be recovered from tlie waste of the crude rosaniline. The separation is more easy and 
economical if all the rosaniline be extracted by boiling, as for the crude article. The further treat- 
ment of these matters with acid, common salt, and carbonate of soda, will yield different colouring 
matters, which will be noted in their proper places. See Kosaniline, Violet, Yellow, and Browu. 

Leuoanitine. CjjHjiNj. — On boiling an acid solution of rosaniline with zinc, or mixing it with 
ammonium sulphide, it giadually becomes colourless, and a yellow resinous substance is deposited. 
This is crushed, washed with water, and dissolved in weak hydrochloric acid; the addition of 
strong acid precipitates the hydrochlorate of this base. Ammonia, added to a solution of this salt, 
yields the pure base, which is a white powder, easily soluble in alcohol. By oxidation, it yields 
brown colouring matters (q. v.). 

Geranosine. — Luthringer has given this name to a red derived from magenta in the following 
way: — 1 kilo, of the crystallized hydrochlorate is dissolved in 1000 lit. boiling water, filtered hot, 
and left to cool to 45° (113° F.); 4J kilo, anhydrous binoxide barium, powdered, and 35 lit. cold 
water, are stirred together in an earthenware vessel ; over this is poured 10 kilo, sulphuric acid, 
and the whole is well stiired for a minute or so. The solution of magenta is then added to this mix- 
ture, with agitation ; it instantly changes to a yellow citron colour, and, after 2-3 minutes, passes to a 
slight reddish tint. The sulphate and peroxide barium are separated by filtering, and the filtrate is 
allowed to cool. It is then placed in a wooden, or tinned copper, vat, and heated to boiling ; as the 
temperature rises, the red is developed, and reaches perfection at the boiling-point. It is boiled for 
two or three minutes, filtered, and left to cool ; the filtiate contains the geranosine, ready for use. 

Ulrich’s Scarlet. — A colouring matter very similar to the above is obtained from 4 parts acetate 
rosandine and 3 parts nitrate lead, dissolved in boiling water, and afterwards evaporated to dryness. 
The dry mass is heated at H9°-199° (300°-39((° F.) until it passes to a complete violet colour. 
After cooling, it is boiled for some time in water slightly acidulated with sulphuric acid. The 
solution is then neutralized with soda or potash, and filtered whilst boiling. The colouring matter 
passes into the solution, and may be separated by the addition of salt, recovered on a filter, washed, 
and dried. It can be made to yield a rose-red substance, by ethylation or metbylation; its 
solution in alcohol is mixed with iodide methyl or ethyl, and heated for some time in a closed 
vessel at 149° (300° F.); from the product, the colouring matter can be extracted in the same way 
as Hofmann’s violet (q, v.). It is Used for dyeing, in the same solvents. 

Safranine. — This name is given to a colouring matter which has been used for some time for 
dyeing silk ; it gives a flue red colour with a tinge of scarlet. 

Amido-azo-benzol and amido-azo-toluol are oxidized by bichromate of potash, and the crude 
safranine produced is boiled in water containing soda or lime, in which the violet colouring matter 
is insoluble, whilst the safranine is taken up. The liquid is filtered, and slightly acidified with 
hydrochloric acid, by whicli the safranine is converted into hydrochlorate, and can be extracted by 
evaporation, and the addition of salt ; the excess of acid may be previously neutralized by carbonate 
lime. If required of greater purity, it may be treated with water rendered alkaline by caustic soda. 

The commercial article is a reddish-yellow powder containing hydrochlorate safranine, mixed 
with much carbonate lime and common salt. It can be readily purified by solution and reorystal- 
lization ; the final crystallization should be from a boiling and slightly acid solution. 

Bure safranine cannot be precipitated from its hydrochlorate solution by alkaUes, in consequence 
of the formation of basic salts, 4c., which are co-precipite’ed. The solution should be decomposed 
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by oxide of silver ; the filtrate from this is deep yellow-red, and when evaporated and cooled, 
deposits red-brown crystals, very like the hydrochlorate, and which, dried at 100° (212° F.) take a 
light-greenish metallic lustre. The safranine dissolves easily in water and alcohol, but not in ether. 
Concentrated solutions, mixed with hydrochloric and many other acids, give immediate crystalline 
precipitates of the salts of safranine, all of which may be recognized by the fact that when con- 
centrated hydrochloric acid is added to their solutions, the reddish-brown colour of the liquid 
passes successively to violet, deep blue, deep green, and at last to a clear green ; when water Is 
added gently to this solution, the same changes of colour take place in the reverse order. Sul- 
phuric acid acts in the same way as hydrochloric acid, and with more marked effect. 

See also rosaniline brown and yellow. 

Cerise . — This name has been given to a red colour from rosaniline residues ; after precipitating 
the magenta with common salt, and filtering the liquid, carbonate of soda is added to the filtrate, 
and the product is washed and dried. Cerise probably contains magenta, and a little of the yellow 
colour from chrysaniline and chrysotoluidine. It dyes a shade between crimson and scarlet. (See 
rosaniline residues and leucaniline browns.) Sopp treats the resinous residues of rosaniline with 
70 or 80 per cent, of hydrochloric acid. The insoluble portion is afterwards boiled in water, and 
treated with nitric acid, which causes a black deposit, whilst a yellow substance is dissolved, and 
crystallizes out on cooling ; the hydrochloric acid solution first obtained is mixed with a solution 
of carbonate soda, producing a dark green precipitate, which, boiled in water, yields a little 
rosaniline ; the green precipitate is well washed, and taken up by weak ammonia water and a little 
soap solution, when it gives a solution of very rich deep-red colour on cooling ; if redissolved in 
hydrochloric acid, it gives a violet-blue liquid ; it dyes shades which are wanting in beauty, but 
are solid ; when applied to wool and silk, passed through permanganate of potash, it is converted 
into a fine chestnut-brown. 

Arsenio Acid is manufactured on a large scale for this industry. The arrangement for the 
production of aqueous arsenic acid for magenta manufacture is thus described by H. Cant, of 
Evans, Cant, and Co. A series of stoneware pans A (Fig. 490) fit hermetically into an iron 
water bath B, heated by means of an iron coil. The pans are fitted with cemented covers 
having tvro openings, in one of which a glass funnel F is placed, and 
to the other is securely attached an earthenware tube for leading away 
the nitrous oxide. Stoneware jars J, fitted with tubulures and stop- 
cocks, are filled with nitric acid (sp. gr. 1‘400): the stop-cocks are 
opened so as to allow the acid to dribble slowly, as requir^, into the 
jars A, which contain arsenious acid mixed with a certain quantity of 
water. Thus the arsenious acid is expeditiously converted into arsenio 
acid of the degree of hydration required for magenta manufacture, whilst 
the nitrous fumes are collected in a series of large Woulfe’s bottles. By 
means of an aspirator, these vapours are drawn out of the pans A accom- 
panied by air, and are thus oxidized into nitrous acid, and ultimately into 
nitric acid for re-use. An outlet near the bottom of the pans allows 
the arsenio acid solution to be drawn off as required. This method of producing arsenio acid and 
converting the nitrous oxide into a profitable product, enables arsenic acid to be produced for a trifle 
more than the cost of the arsenious and nitric acids, and removes the objectionable features of the 
manufacture ; several attempts to utilize the refuse arseniates and arsenites, resulting from the 
manufacture of rosaniline salts, have been made, but with little success. 

Nicholson (No. 519, 1878) proposes nitric and hydrochloric acids, instead of arsenic acids for 
the production of colours having rosaniline for their base. Three parts by weight of commercial 
aniline (such as is generally used for the production of red aniline dyes), about one part nitric acid 
(sp.gr. 1-420), and one part hydrochloric acid (sp. gr. 1 • 160), are heated at 177°-204° (350°- 
400° F.) until the desired colouring matters are produced; this is ascertained by withdrawing 
samples as the operation proceeds. The contents are removed, and the colouring matter is 
extracted by boiling water ; it may be used direct, or pimfied ; or the base, rosaniline, may be 
separated by means of an alkali or alkaline earth. Though the extra trouble, and modification of 
plant, required by this process may operate against its introduction, there can be but one opinion 
on the merits of an invention which dispenses with a seriously poisonous product. 

An improvement in the same direction, by the recovery of the arsenic from the waste products of 
this manufacture, converting it at the same time into a source of profit, is to separate the rosaniline 
base by means of ammonia, by which the arsenious and arsenic acids contained in the melt ” are 
converted into arsenite and arseniate of ammonia, both of which are soluble ; from these salts it is 
proposed to expel the ammonia by heat, and collect it for use over again, obtaining the arsenic 
in a form ready for reconversion into arsenic acid. The objectionable feature in this is the 
handling of a readily soluble poisonous material. 

Toluidine, or Coupler’s Beds . — Coupler prepares his reds from (1) pure aniline and pure nitro- 


490 . 





664 


COAL-TAR PRODUCTS. 

totool ; (2) ordinary commercial aniline and ordinary nitro-benzol ; (3) nitro-tuluol and toloidine, or 
nifro-xylol and xylidine ; using iron and hydrochloric acid in each case. The products firom the 
first two yield reds identical with ordinary r(»iniline; to the last, he gives the name ‘ rosa- 
toluidine,” “ toluidine red,” or “ xylidine red.” The app-iratus and procedure may be as for 
rosanUine. 

Erythrobenzine . — Laurent and Casthelaz gave this name to a red colouring mat ter_ obtained from 
nitro-benzol, iron filings, and hydrochloric acid, no aniline being added, although in the reaction it 
may he produced ; it agrees with rosaniline, with which it is probably identical. Equal parts by 
weight nitro-benzol and aniline are gradually heated together in an enamelled iron vessel to about 
200° (392° F.) : the heat is continued untU the mass becomes pasty, and will solidify, on cooling, 
to a brittle body resembling crude rosaniline. It is powdered, boiled in water with carbonate 
of soda to precipitate the colouring matter, and further treated as for purifying rosaniline. 
This yields a fine red colouring matter, and, as regards the aniline used, is equal in yield to the 
arsenic acid method. Nitro-toluol and aniline give a colour approaching that of rosaniline ; 
toluidine and nitro-toluol give a red with a decided violet shade. The reds obtained in this way 
are better adapted for confectionery, colouring liquids, &c., than “ rubine,” which is made with 
nitrate of mercury instead of arsenic, and has been largely used for the above purposes. 

Xylidine Red. — Hofmann’s xylidine red is obtained by heating pure xylidine and pure aniline 
with an oxydant capable of forming rosaniline ; it gives a splendid crimson. It is manufactured 
and purified as rosaniline (q. v.). 

Rosaniline and the bases formed in its manufacture are capable of combining with the ethyl 
and methyl radicals, and from some of them important colouring matters are obtained. See 
Hofmann’s Violet, &c. 

Tannate of rosaniline is formed as a bright red precipitate, by adding a cold and dilute solu- 
tion of a salt of rosaniline to a solution of tannic acid; from warm and concentrated solutions, a 
brownish-red brittle mass is produced. By dissolving in alcohol or wood-spiiit, it dyes yellowish 
or orange-red tints. Treated with nitric or hydrochloric acid, it yields a colouring matter passing 
gradually from violet to blue ; by regulating the supply of acid, any desired tint may be obtained. 
It is purified by washing with water, and dissolved in wood-spirit ; its solution diluted with water 
can be used lor dyeing. 

Blue Colouring Matters. Phestl-rosanilenes. — When a rosaniline salt is heated with 
aniline, hydrogen is replaced by phenyl, and ammonia is given off, producing monophenyl-, diphenyl-, 
and triphenyl-rosaniline ; the salts of the first have a reddish-violet colour ; those of the second, 
bluish-violet; and those of the third, a pure blue colour, and are known as “candle blue” or 
“ night blue, ’ since their colour is unaltered by artificial light. For the manufacture of aniline 
blue, the purer the aniline itself, the better will be the colour of the dye produced. The aniline 
which passes over in the preparation of magenta is generally used for the better kinds of blue, on 
account of its freedom from the higher homologue bases. Commeicial aniliues may be fractionized, 
and the product coming over at 182°-I85° (360°-365° F.), may be retained for tlie preparation of 
the finest blues. 

These blues are more readily formed when weak organic acids, such as acetic, benzoic, &c., are 
present ; in their dyeing qualities, much is gained by selecting an aniline of low boiling-point. The 
proportions of the ingredients vary ; but, as a rule, free aniline is used in large excess. On the Con- 
tinent, they are prepared in a series of enamelled cast-iron pots, heated in an oU bath over a furnace. 
The covers are secured by clamps, and supplied with a small opening for withdrawing samples, and a 
bent tube for leading away vapours to a condenser. Sometimes these tubes are inclined so that the 
condensed vapours are returned. If the heating is carefully conducted, the volatilized aniline 
should be trifling. Each pot is provided with an agitator, and has a capacity of about 20 lit. When 
starting, they are half-filled with the materials, and the covers with their appendages are fitted on, 
and secured. The covers, tubes, and stirrers are best arranged so that they hoist out together 
when the pots are opened. A thermometer is placed in the oil bath. A charge may be about 
5 kilo, rosaniline salt (acetate, or bydrochlorate), and 10 kilo, aniline ; the temperature of the bath 
should be kept between 190° (374° F.) max., and 165° (329° F.) min. ; the aniline must not boil. 
The operation lasts about two hours. The free aniline is recovered by distilling with a current of 
steam, or removed by means of an acid, or the colouring matter is taken up by alcohol or wood- 
spirit. In this country, a small magenta-still is used instead of the series of pots. 

By the subsequent purification of the crude product, the following colours are obtained : — 

Direct Blue. — This is the crude colour deprived of the free aniline by a current of steam, or by 
washing with weak hydrochloric acid, in enamelled iron pans ; the acid poured off one is added 
to the next, and so on. The aniline is recovered by distillation with lime. 

Purified Blue. — The product in the still is liquefied witli wood-spirit, and allowed to trickle into 
dilute hydrochloric acid. The free bases are taken rn, and the colouring matter falls to the bottom ; 
it is collected on flannel trays, and well washed with acidulated boiling water. 
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Night Blue. — So called from the absence of violet when viewed by gas or candle light. The 
crude product is well washed with wood-spirit, and sometimes boiled after being well divided. It 
is easier and cheaper in all cases to work upon the previously purified product for the next purifi- 
cation. Percolation with alcohol or wood-naphtha will purify the “ direct blue ” to any reijuired 
degree, after the heavy anilines have heen removed by hydrochloric acid. 

By varying the proportion of materials and further purifying, the following different qualities 
of these blues are obtained : — 

B Blue. — This blue is obtained by heating for two hours, at 180° (356° F.), a mixture of 
2000 grms. pure rosaniline, 3000 grms. aniline ; distilling at 182°-185° (360°-365° P.) ; and adding 
270 grms. glacial acetic, or benzoic, acid. The products from benzoic acid are always more tinted 
with green than those from acetic acid ; the former are used for silk, the latter for wool. The 
colour may be made purer by pouring it gently into an enamelled iion pot containing 10 kilo, 
hydrochloric acid, with brisk and continuous stirring. The precipitate is filtered, and well washed 
with boiling water acidulated with hydrochloric acid, till it is reduced entirely to powder ; the 
yield is about 3500 grms. 

BB Blue. — This is produced from pure rosaniline, 2000 grms. ; pure aniline, 5000 grms. ; 
benzoic, or glacial acetic, acid, 270 grms. ; treated as above. The crude product is thus purified : the 
boiling mass is turned into an enamelled iron pot, and cooled by being placed in water ; 7-8 kilo, 
concentrated alcohol are added, and the mixture is stirred till well incorporated; the vessel is 
heated in a salt-water bath till the alcohol begins to boil ; it is then allowed to cool a little, and 
stirred, adding 10-12 kilo, strong hydrochloric acid ; the mass becomes warm from the formation 
of hydrochlorate of aniline, and at the same time the pure blue separates. To obtain a product of 
constant colour, the filtering should always be made at the same temperature — 15°-50° 
(113°-122° F.); the blue is washed with plenty of water, and dried. The product should be 
about 1320 grms. 

This blue can also be made from B, by treating one part of the latter with IJ part strong 
alcohol, and 5 parts rectified benzol, introducing the whole into an apparatus supplied with an 
agitator and cohobator, and boiliug for one hour. 

BBB, and BBBB Blues. — These are prepared by a further purification of BB, 1 kilo, of which 
is boiled with agitation for two hours with 36 kilo, strong alcohol ; 2 kilo, of an alcoholic solution 
of soda, containing 20 per cent, alkali, are poured in, when the soda sets the base free. The 
alcoholic solution is filtered, when a certain quantity of inferior blue is left in the filter. With the 
alcohol solution still warm, 280 grms. concentrated hydrochloric acid are well mixed ; by leaving 
the whole to settle for about two hours, BBB is deposited in a crystalline form ; this is filtered, 
pressed, and when dry, should yield 600-690 grms. By repeating this operation on the same 
product, BBBB is obtained. From the mother-liquor from which BBB has been precipitated, a 
further quantity of an inferior blue can be obtained. 

A better plan is to dissolve 1 kilo. BB in a mixture of 1 kilo, alcohol, and 2 kilo, aniline, 
stirring till blended, pouring the whole into 25 kilo, alcohol, and heating till the alcohol boils ; 
finally adding an alcoholic solution of soda, and filtering. This gives much less insoluble matter. 
To the filtrate is added a little excess of hydrochloric acid, when a superior blue is thrown down ; 
at the end of forty-eight hours it is filtered off, pressed, washed several times with boiling acidu- 
lated water, and dried. It yields about 800 grms. BBB. 

Nicholson’s Blue. — Triphenyl-rosauiline-sulphonic acid is obtained by dissolving triphenyl-rosani- 
line in concentrated sulphuric acid, and adding water to the solution ; a dark blue mass is formed 
which dries up into grains, having a beautiful metallic lustre. Its sodium salt is “ Nicholson’s ” 
or “Alkali” blue, a dark-grey amorphous mass, dissolving in water with a fine blue colour. 
By the further action of sulphuric acid, other sulphonic acids are formed, and occur, as sodium 
shits, in several soluble aniline blues. The ammonium salt is Nicholson’s ordinary “ soluble ” blue. 

To prepare Nicholson’s blue, “Blue de Lyons,” or “Azaline,” is boiled in water containing 
about 4 oz. sulphuric acid to 1 gall, water ; when the soluble matter is nearly all taken up, the 
insoluble residue is dried, and reduced to powder, and about four times its weight of sulphuiio 
acid (sp. gr. 1'815) is added to it ; the temperature is raised to about 149° (300° F.) ; the mixture 
is stirred till solution is complete, and is kept at this temperature till a sample is entirely dis- 
solved in water. If the temperature be raised too high, sulphurous acid will be evolved, to the 
destruction of the dye. Its dilute acid solution is used for dyeing and printing in the ordinary 
way. By the use of an excess of lime or alkali to neutralize the acid, it is thrown down, and a 
colourless solution is obtained, which, on addition of a weak (organic) acid, develops a soluble 
blue. 

By varying the proportion of sulphuric acid, the heating may be curtailed or prolonged : it is best 
to work on small quantities, so as to limit the generation of heat. The tints are improved by 
increasing the acid ; but when very large quantities are used, the colours are more fugitive ; the 
proportions giving the most durable colours are those required to produce mono- and di-phenyl- 
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rosaniline sulphonic acids, and heating to 100° (212° F.) ; these colours, however, are not so soluble 
as when the heat has been raised to 149° (300° F.). Anhydrous sulphuric acid may be used instead 
of concentrated acid, without heating. Caro (1877, No. 3731) converts the crude magenta bases into 
sulpho acids in the same way. The advantage of these dyes is that they can be used in presence 
of acids or acid mordants. 

Diphenijlaniine Blue . — Ginrrd and De Laire (1866, No. 2686) prepare a blue from diphenylamine 
and sesquichloride of carbon, by heating a mixture of 2 parts of the former and 3 of the latter, for 
five to six hours, in an enamelled iron vessel, to 170°-190° (338°-374° F.). The apparatus used 
is the same as for making diphenylamine. 

Besides diphenylamine, ditoluylamine, phenyl-toluylamine and diphenyl-amyl-amine may be 
used. These may also be treated with oxalic acid for the same purpose. The development of 
colour is watched by drawing samples ; it is complete when a copper red is produced, and the 
cooled mass becomes hard and brittle, and dissolves in alcohol with an intense blue. It is purified 
by dissolving at 100° (212° F.) in double its weight of aniline ; the solution is thrown into a large 
quantity of benzol, kept well agitated ; the vessel is kept cool, so as to avoid loss of benzol. The 
blue is precipitated as a very fine powder, collected on a canvas strainer to drain, and well pressed ; 
it is repurified in the same way without being pressed,' and is washed on the strainer with benzol. 
It may be further purified by dissolving in boiling aniline; precipitated by hydrochloric acid, 
the aniline salt is washed out with boiling water. The free base is obtained by caustic soda, and 
purified by solution in alcohol. 

The separation of blue from violet colouring matter is effected by dissolving in ten times its 
weight of oil of vitriol heated to 30°-60° (86°-140° F.). 'Wafer is added to precipitate the blue, 
whilst the violet remains in solution ; it is thrown on to an asbestos filter, and wa.shed with dilute 
acid, then water ; it is drained and pressed, and if required with greater purity, the previous 
process is carried out. 

Tuluidine Blue, or Tri-tolutjl-rosaniline . — The composition of this blue is analogous to that of tri- 
phenyl-rosanUine, and its mode of preparation is similar. Equal parts of rosaniline and crystal- 
lized toluidiue are heated for five or six hours to 150°-n4° (302°-346° F.). Its extraction and 
purification may be eflfected with hydrochloric acid and water. It dissolves in alcohol with a beau- 
tiful blue colour. 

Bleu de Cmpier, or Triphenyl-roso-toluidme . — Toluidine red heated with aniline yields a blue colour- 
ing matter, known by this name. It is prepared in the same way as Coupier’s reds (q. v.), by 
substituting his toluidiue rtd for rosaniline. 

Bleu de Paris . — This is obtained fiom methyl-auilines and anhydrous bichloride of tin; it is a 
triphenyl-rosaniline. (See "Violet de Paris.) 

Aldehyde Blue . — This colouring matter is a valuable source of green, and although its merit as 
a blue does not entitle it to the notice of the dyer, its preparation must be noticed here. A solution 
of 20 grms. rosaniline, in 280 cc. ordinary hydrochloric acid, is diluted with an equal volume of 
water, and mixed with 100 cc. crude aldehyde. After twenty-four hours, the blue is precipitated 
by caustic soda in excess, collected on a filter, washed, purified by solution in alcohol, and dried. 
A yellow resinous matter is removed by carbon bisulphide. Its solution in wood-spirit dyes well, 
but not deeply. (See Aldehyde Green.) 

Bleu de Mulhouse . — This product, having the colour of ammoniuret of copper, is obtained by 
boiling 50 grms. bleached shellac, and 18 grms. soda crystals, in 1 lit. water, and adding 50 cc. 
solution of magenta (1 part magenta in 4 parts water, and 4 parts alcohol), boiling for one hour, 
and adding water and spirit as they boil away. 

Azurine . — Blumer Zweifel makes this colouring matter as follows : — 100 grms. starch is boiled in 
1 lit. water, and whilst boiling, 4 grms. chlorate potash, 3-4 grms. sulphate iron, and 10 grms. sal- 
ammoniac, are added. When the mass has cooled and set, 60 grms. of a salt of aniline is added, and 
well mixed and dissolved. Its tints are altered by varying the proportions. 

Tripheuyl-MauvaniUne . — This base is converted into ethyl, methyl, and phenyl compounds in 
the same way as rosaniline ; it is soluble in alcohol, and its salts yield splendid blue colouring 
matters. (See Triphenyl-rosaniline, Bosaniline residues, and Mauvaniline.) 

Mauveine, Mauve, Aniline-hlue, or BerJtin s Violet, C 27 ll 24 N^. — The production of this interesting 
colouring matter depends upon the action of an oxidizing agent on aniline, or a salt of aniline, such 
as the sulphate or chloride. A cold saturated solution of sulphate aniline is mixed with an equal 
quantity of a cold saturated solution of bichromate potash, and allowed to stand for 10-12 hours. The 
quantity of potash is such as to produce, with the sulphuric acid from the aniline salt, the neutral 
sulphate. The mixture is thrown on to a filter, and washed until the potash-salt is all removed ; 
the residue is dried at 100° (212° F.). The adhering resinous matter is washed away with coal-tar 
naphtlm or petroleum, and when the naphtha has evaporated, the washed mass is dissolved in wood, 
naphtha or methylated spirit. Instead of washing away the resinous matter, it is more economical 
to treat the crude mass with slightly dilute wood-naphtha or methylated-spirit ; as the resinous 
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impurities are but slightly taken up, the larger proportion of the spirit is recovered by distillation, 
and an aqueous solution of the colouring matter remains ; by evaporation, it can be obtained either 
in a dry crystalline state, or in paste. Caustic potash, added to a solution of the sulphate, precipi- 
tates the mauveine, which is almost insoluble in water, but dissolves readily in alcohol, yielding a 
bluisb-puiple colour. It is a powerful base, combining with acids to form well-defined salts, 
which have a fine metallic lustre ; it expels ammonia from its combinations. 

When the base is heated with aniline, ammonia is given otf, and a blue colouring matter is 
formed. It has been proposed by Perkin to obtain an ethyl compound, by heating equal parts of 
mauveine and iodide ethyl together, for the general carrying out of this (see Hofmann’s violet, &o.) ; 
it was largely used a short time ago, but the replacement of iodine by less costly methods of intro- 
ducing the alcohol radicals must eventually restrict its use. It dyes deeper and finer shades of mauve. 

By oxidizing a hot solution of mauve with sulphuric acid and manganic oxide, a beautiful red 
colouring matter is produced ; it is very soluble in water, and forms crystals having a fine beetle- 
green lustre. In concentrated sulphuric acid, it dissolves with a dark green colour, which, on 
adding water in small quantities, changes into bluish green, pure blue, violet, purple, and at last 
into pure red. This was originally called “safranine”; but the colouring matter now met with in 
commerce under that name is obtained from a very different source. 

Phenyl Violets. — In the purification of di-phenyl-rosaniline blues, blue and violet colouring 
matters are obtained. The blue obtained by heating equal parts of rosaniline and aniline for four 
hours at 149°-160° (300°-320° F.) is, whilst being boiled with dilute muriatic acid (1 acid to 

9 water), freed from the unaltered bases, which contain the violet. This violet is not pure, but, 
according to the purification, are obtained violet-red or dahlia, and violet- blue or parme ; between 
these are found all shades of violet. By even the most careful manipulation, it is not always possible 
to get the same shades, consequently the exact shades required are obtained by mixing the blues 
and reds. 

MiMO-phenyUrosaniline (red-violef). — Rectified aniline, 14 kilo., is gradually added to acetate 
of rosaniline, dried at 100° (212° F.), 10 kilo., in a still, so as to collect the aniline which 
comes off. The rosaniline salt is first heated gently by itself; the cohobation with aniline is 
continued for one hour, when the heat is raised to 190° (374° F.). Samples of the product are 
drawn out every few minutes, so as to watch the production of colour, which should be a very red 
violet. The mixture is allowed to cool a little, when it is softened with a little benzol, which 
removes the aniline, and a brown colouring matter, whilst the rosaniline and other products are 
precipitated. The precipitate is thrown on a strainer, dried, and dissolved in Bydrochloric acid ; from 
this, the violet is thrown down by the addition of a Urge quantity of water, well washed, and dried. 

Di-phenyl-rosaniline (blue-violet). — Rosaniline salt, 10 kilo., and aniline, 20 kilo., are treated, as 
above, for at least one and a half to two hours. Acetate rosaniline is sometimes used. The product 
is examined from time to time, and when the tint is obtained, the vessel is removed or allowed to 
cool. Alcohol, 4-5 lit., are added, to soften it, and the whole is poured into a large quantity of 
alcohol, to which hydrochloric acid is added. The colouring matter is precipitated by adding a 
saturated solution of common salt, and is well washed on a flannel strainer with acidulated water. 

Ethyl and methyl rosaniffncs.— Ethyl and methyl violets are now largely made from methyl-aniline 
(see Violet de Paris), so that the costly production of Hofmann’s violets from iodides of ethyl or 
methyl has become of interest principally as a source of other important colours. 'The modus 
operand! (No. 1291, 1863) is as follows ; — One part by weight of rosaniline, 2 parts by weight of iodide 
of ethyl, and about 2 parts of strong methylated spirit are heated together in a suitable vessel, to a 
temperature of 138° (212° F.), for three to four hours, or until the whole of the rosaniline is converted 
into the new colouring matter. The syrupy mass obtained on cooling is dissolved in methylated 
spirit or alcohol, and may be used at once for dyeing and printing. The iodine is thus recovered ; — 
The product either before or after dissolving in spirit is boiled with an alkali, by which the base is 
precipitated, whilst iodide potassium remains in solution. The base is washed and dissolved, together 
with an acid (as hydrochloric), in alcohol, or in place of hydrochloric acid and alcohol, acetic acid 
and water; these solutions can be employed for dyeing and printing, giving to silk and wool 
beautiful violet, blue-violet, and red-violet tints. Instead of iodide of ethyl, the iodides and 
bromides of methyl, amyl, propryl, and capryl may be employed, but not so conveniently, as they are 
more expensive. Three shades of violet, viz. R, reddish violet ; B, blue-violet ; and BB, a light- 
violet, were formerly supplied in this material. For red-violet.— Ten kilo, of rosaniline, 100 lit. 
alcohol, 8 kilo, iodide of ethyl or methyl, and 10 kilo, caustic soda or potash ; the mixture is 
heated for two hours at 115°-130° (239°-266° P.). For blue-violet. — Ten kilo, of rosaniline, 100 
lit. alcohol, 5 kilo, iodide methyl, 5 kilo, iodide of ethyl, and 13 kilo, caustic soda or potash. 
For light-violet. — Ten Idlo. of rosaniline, 20 kilo, iodide of methyl, 100 lit. ethylic alcohol, and 

10 kilo, caustic potash. The solutions of iodide ethyl and methyl should be added very gradually, 
as also the caustic solutions. Other intermediate shades may bo obtained by varying the propor- 
tions. Iodide of methyl gives a more decided blue shade than the iodide of ethyl, and the colouring 
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matter is also more solnble in water than the iodide of ethyl product. The products are the 
iodohydrate of ethyl-rosaniline or of methyl-rosaniline ; both are purified in the same way. The 
salts of both bases are soluble in alcohol, wood-naphtha, acetic and mineral acids ; the colours 
obtained from the salts of trimethyl-rosaniline ate much brighter than those from salts of the 
other base, whilst salts which contain hoth bases are still more beautiful as dyes. 

Mauvandine (see RosanUine residues). — The precipitates containing rosaniliue and mauvaniline 
are submitted to the action of hydrochloric acid, salt, &c., so as to separate them as completely as 
possible; the mauvaniline is washed with benzol, and digested in a cohobator with alcoholic potash, 
by which the free base is obtained. It is washed with water, and when dissolved in acid, dyes magni- 
ficent mauve shades. According to Girard and De Laire, 12 per cent, of this is obtained firom 
rosaniline refuse. 

Triphenyl-mautaniline yields salts solnble in alcohol ; they have a beautiful blue colour. 

Ethyl-maumniline . — By treating mauvaniline with iodide of ethyl, Girard and De Daire obtain 
a violet colour, which is bluer according as the iodide is in greater proportion to the mauvaniline 
salt. It may be made in the same way as Hofmann’s violet (q. v.), with 1 kilo, mauvaniline, 10 lit. 
wood-spirit, 3 kilo, iodide ethyl (or methyl), and 1 kilo, potash or soda. 

Violet de Paris. — Poirrier and Chappat’s violets are obtained from methyl-anilines ; according to 
the predominance of blue or violet tints, reddish blues, blues, and pure violets are produced. It is 
highly probable that for blues and violets, this is destined to become a very important somoe. 
To obtain violet, violet-red, and violet-blue, from methylio, methyl-ethylic, and methyl-amylie 
anilines, 1 part methyl or dimethyl-aniline, and 5-6 parts anhydrous bichloride tin are mixed in a 
still, heated up to 100° (212° F.) for some hours, and well stirred until hard ; the mass is 
treated with caustic alkali, washed and filtered ; the precipitate is boiled in water, and neutralized ; 
from this solution, filtered when cool, common salt throws down a green precipitate, which is 
collected on a filter, and may be further purified by crystallizing from solution in alcohol; its 
solution in boiling water dyes a magnificent violet. 

If the heating has been sufficient, the mixture is found as a black tarry mass. Instead of 
bichloride tin and bichloride mercury, arsenic acid may be used ; or if 100-150 parts chlorate potash, 
100 parts methyl-aniline, and 100 parts water are used, the reaction which follows from the 
splitting up of the liberated chloric acid yields the colour. Chloride iodine diffused in 5-10 parts 
of water may also be used ; or a mixture of 80 parts chlorate potash, 20 parts iodine, and 100 parts 
methyl-aniline. lodates, bromates, and iodic and bromic acids react on methyl-aniline salts with 
the same development of colouring matter. Bichloride of mercury alone develops very little colour ; 
terchloride benzol and terchlorophenio acid develop a violet, at 150° (,302° F.). Bed violets are 
obtained by employing methyl-aniline and bluer violets, wheq dimethyl-aniline, or higher methylio 
homologues, are used. After purification, these violets are all soluble in water, alcohol, and acetic 
acid, and are used for dyeing and printing as other aniline dyes. Brooman’s improvements (1866, 
No. 3195) consist in treating chlorides of methyl-anilines with nitrate or chloride of copper for 
violets, which yield bluer shades according as the heating is prolonged. The oxidation products 
from these violets give, with chloride-benzyl, still bluer shades of violet. The methyl and ethyl 
violets met with in commerce are R. B. BB., to 6B. Bardy obtains violets from methyl-diphenyl- 
amine (q. V.), which are also capable of yielding mixtures of blue and violet. 

Girard and De Laire’s violet from methyl-benzyl-phenyl-amine may be thus produced : — 
Methyl-benzyl-diphenyl-amine, 15 lb. ; chlorate potash, lb. ; water, 40 lb. ; and non-calcareous 
sand, 100 lb., are well mixed, placed in a cohobating apparatus, and heated ; a solution of 
sulphate of copper (5 lb. to 15 lb, water) is added during the heating, in small portions at a time. 
The temperature is kept for twenty-four to thirty hours at 50°-80° (122°-176° F.); when the 
reaction is complete, the mixture is carefully neutralized with caustic soda or potash, or lime 
water, and the unaltered portions of the bases are removed by distilling with a jet of steam. The 
mass is then treated with hydrochloric acid in slight excess, and the colouring matter is removed 
by hot water, and thrown down with common salt ; it is then converted into a base by soda or 
potash ; this is well washed, and again converted into hydrochlorate or acetate. These salts are 
soluble in water, and dye blue-violet. The colours obtained from the corresponding compounds may 
be produced in the same way by substituting the alkaloid or its salt ; benzyl-diphenyl-amine gives 
a bluish gieen or gieenish blue; benzyl-phenyl-toluyl-amine, orange; benzyl-ditoluyl-amine, brown 
or chestnut ; methyl-diphenyl-amine, blue. This same process is, according to BoUey and Kopp, 
employed by Poirrier for the manufacture of violets from methyl and di-methyl-anilines (q. v. ; also 
violet de Paris). 

T iolaniline (see Rosaniline residues). — This base forms salts soluble in alcohol ; the solutions dye 
silk and wool a rusty black with a shade of violet. 

Gkeexs.— The green colouring matters obtained from coal-tar are produced by certain reactions 
on other aniline or toluidine colours. 

Aldehyde, or tfsebe s, Green. Sulphate rosaniline, 150 grms., are dissolved in a cooled mixture of 
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3 kilo, oil of vitriol and 1 kilo, water ; 225 grms. crude aldehyde are gently added, with continued 
stirring ; the whole is heated in a salt-water hath, till a drop let fall into dilute acid appears 
green ; 450 gnus, hyposulphite soda, dissolved in 30 lit. boiling water, are added very gradually, 
and the whole is boiled for a few minutes ; the green liquid is filtered from the sulphur which 
separates from the hyposulphite, and is ready for use. 

Lucius’ method of obtaining aldehyde green differs from the foregoing mainly in the use of 
sulphuretted hydrogen, and an alkaline sulphite instead of hyposulphite soda ; 1 lb. sulphate 
rosaniline is dissolved in a mixture of 2 lb. sulphuric acid with 2-4 lb. water, adding 4 lb. aldehyde, 
and heating to about 50° (122° F.), till a sample dissolved in about fifty times its weight of alcohol 
yields a greenish-blue solution ; to this is added 300-500 lb. saturated aqueous solution sulphur- 
etted hydrogen, gradually increasing the heat to 90°-100° (194°-212° F.), adding 10 lb. satu- 
rated solution sulphurous acid, and filtering the liquid from the blue colouring matter which has 
been precipitated. The green remains in solution, and is obtained in the solid form. 

Aldehyde green, when kept for any length of time, loses much of its beauty, and may even 
become useless ; on this account, it is beat prepared as wanted. It is sold in two forms : dry, and 
in paste ; in the dry state, it is an amorphous powder, insoluble in water, readily soluble in a 
mixture of dilute sulphuric acid and alcohol, and sparingly soluble in alcohol alone. To produce 
the powder, it is precipitated from solution by neutralizing with carbonate soda, or by adding 
common salt; it is washed by decantation, and finally dried at or below 100^ (212° F.). As the 
paste is more readily soluble than the powder, and appears to keep better and longer, it is the pre- 
ferable form, especially as the difficulty of drying is then dispensed with. 

Toluidine Green may be obtained by treating Coupier’s red, or rosotoluidine, with aldehyde in 
the same way. 

Gas Green. — This colour is so called from its appearing green in artificial light. Luthringer 
gave this name to a green obtained by mixing a yellow with blue (see Yellows). Different shades of 
green are obtained in printing and dyeing, by superposing one colour on the other. 

Hofmann's Green. — This colour is obtained from Hofmann’s violet, either by direct treatment, or by 
reactions in which ethyl-rosaniline appears as an intermediate product. One part acetate rosani- 
line, 2 parts pure iodide methyl, and 2 parts methylic alcohol, are placed in an enamelled 
digester withstanding a pressure of 400 lb. a sq. in., and heated to 100° (212° F.) for twelve hours in a 
water bath. The green and violet colours formed dissolve in the methylic alcohol ; when the 
digester is opened, the volatile products escape ; a gentle heat is applied to drive off the free 
methylic and methylio-aoetic ethers, leaving the residue as a paste, which, when thrown into 
boiling water, gives up the green colour ; the small quantity of violet dissolved is removed by addi- 
tion of common salt and a little carbonate soda. The solution is filtered through sand or asbestos, 
and precipitated by adding cold saturated solution picric acid. In commerce, it is met with in 
paste as picrate, which is readily soluble in alcohol. 

The soluble green, manufactured by Girard and De Laire, is a double zinc salt, produced by 
adding to a solution of the colour, sulphate, chloride or acetate of zinc ; it is soluble in water, and 
in addition to the saving of alcohol as a solvent, it dyes fibres with a purer green than does the 
picrate. Pure crystals are obtained by dissolving in boiling, absolute alcohol, and precipitating 
by anhydrous ether ; the precipitate is dissolved in boiling alcohol, which, on cooling, deposits 
crystals. This green has been greatly replaced by methjlaniline green (q. v.). 

Paris Green. — Under this name, Poirrier, Bardy and Lauth, prepare a green colour from anilines 
derived from benzol or toluol, or mixtures of these, by oxidizing with bromine, chlorine, or iodine, 
or their compounds, or with nitric acid, nitrates, arsenic acid, &c. The usual process is as follows ; 
— 100 lb. aniline, 80 lb. chlorate potash, and 20 lb. iodine, are heated to 100° (212° F.) ; in order to 
subdivide the mass, sand may be added, when the reaction requires less heat; after a few hours, 
when the mass has become hard and brittle, it is first treated with boiling water, and afterwards 
with a boiling solution of potash in alcohol. By this means, the product is obtained in a tolerably 
pure basic condition. This base is then treated with strong acetic acid to convert it into a neutral 
salt ; in this state, the green colour, dissolved in alcohol, can be used for dyeing and printing. 
It may be further purified by redissolving in alcohol, filtering, precipitating by soda, treating again 
with glacial acetic acid, and redissolving in alcohoL 

Methylaniline Green. — This is obtained from Poirrier’s methylamine violet. The violet is first 
precipitated by chloride zinc and subsequent saturation with carbonate soda ; the filtrate is concen- 
trated, and, on cooling, deposits crystals of a double compound of the aniline green and zinc. 

Aniline Browns. — The processes for the production of these colours depend npon the reducing 
action of certain bodies upon magenta or rosaniline, or their mother-liquors, with or without 
aniline, or by making a salt of aniline react on magenta at a high temperature. 

Levinstein heats 1 part rosaniline with 1 part formic acid, to 180°-200° (356°-392° F.), when 
the mixture appears dark brown ; dissolved in alcohol or wood-spirit, it becomes scarlet ; by 
heating to 258° (496° F.), and then dissolving as above, it becomes red-orange ; and when heated 
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to about 265° (510° F.), and dissolved as above, yellow-orange is produced. In order to prepare a 
brown, when the mixture has become scarlet-red, it is left to cool, and is then mixed with 3 parts 
aniliue ; the whole is heated at 189°-210° (356°-410° F.), and the excess of aniline is separated- 
Sopp obtains a brown from rosaniline residues by oxidation. 

Girard and De Laire obtain brown matter from rosaniline residues (q. v.)- The precipitate 
obtained by treating the residues with soda in excess consists principally of chrysotoluidine. It 
is dissolved in clear lime water, boiled three or four hours, filtered into dilute hydrochloric acid ; 
on cooling, a salt crystallizes out, which is met with in commerce as “ yellow fuchsine.” The 
residue contains nearly pure chrysotoluidine, the lime is taken up by boiling in an iron vessel with 
hydrochloric acid to exactly neutralize it, the base fuses and rises to the surface ; this is purified by 
solution and precipitation with carbonate soda, and is converted into sulphate. These substances 
dye silk and wool yellow ; with more or less rosaniline it gives orange, deep yellow, and browns ; 
the less purified product is used for dyeing leather, &c. Their ‘‘ maroon ” is prepared as follows : — 
4 parts anhydrous aniline hydroclilorate are fused, and 1 part dry aniline violet or blue is added. 
When entirely dissolved, the temperature is raised to 240° (464° F.), and maintained till the colour 
suddenly becomes brown. The operation lasts one to two hours, and is complete when yeUow 
vapours condense on the sides of the apparatus. This brown is soluble in water, alcohol, and 
acids, and may be used without further treatment ; it is precipitated from its solutions by alkalies 
and neutral salts. It dyes beautiful shades of brown on silk, leather, and wool. Instead of 
aniline dye, mateiial for producing the dye may be substituted, e. g. arseniate aniline may be 
treated with hydrochlorate aniline. By oxidation, brown shades are produced, more or less orange, 
according to the degree of oxidation (see Leucaniline). 

Durand’s hrown is produced in the same way as some aniline blacks, by oxidizing an impure 
leucaniline in the presence of copper salts. The cheapest and best source is the article known as 
cerise (q. v.). Tliis is boiled with zinc and dilute sulphuric acid ; the solution, when saturated with 
common salt, deposits a brownish colouring matter, which, dissolved in dilute acids, alcohol, &c., dyes 
yellowish shades, nankin, tan, and browns. 

Siberg obtains a brown from the impure matter precipitated from the mother-liquors of 
magenta ; 1 part hydruchlorate aniline is melted, and to it is added J part of the colour residues ; 
the whole is heated on a sand hath until the hrown colour appears. The product is mixed with 
2 parts crystallized carbonate soda dissolved in 25 parts water, and well stirred ; the liquid is left 
to settle, and the colour is washed several times. tVhen dry, it is brownish black. For use, 

1 part of this resinous substance is dissolved in 9 parts alcohol, and the solution is mixed with 
13 parts water. 

Manchester Sroicn.— Eobert, Dale, and Co., of Manchester, manufacture a brown known by this 
name. A cold, weak, neutral solution of pheuylene hydrochloride is gently added to a neutral 
solution of a nitrite ; a deep-red crystalline mass separates out ; tliis is first washed with water, and 
is afterwards treated with concentrated hydrochloric acid, in which it dissolves, and afterwards 
separates out as a tarry mass. This compound of colour and hydrochloric acid is dissolved in 
water, and mixed witli a solution of ammonia, which precipitates the colour as a brown crystalline 
mass. Its aqueous solution dyes wool and silk without a mordant ; the colour is orange or yellow- 
orange ; but, in contact with the atmosphere, or on rinsing in dilute hydrochloric acid° it passes to 
a deep reddish brown. The acetic acid solution of the brown colour also dyes reddish brown if 
somewhat concentrated, and yellowishbrown if dilute. 

Aniline Yellows.— In 1864, Simpson, Maule, and Nicholson offered a yellow dye stuff under 
the name of “Aniline YeUow.” which is an oxalate of the product obtained by the action of 
nitrous acid on aniline (see Amido-azo-benzol). AnUine is dissolved in three times its wei<^lit of 
alcohol, and nitrons acid is passed into the solution until the liquid becomes deep red- this is 
afterwards mixed with a large excess of slightly dilute hydrochloric acid, to separate the tilourin- 
matter ; the crystalline product is filtered, washed with very weak alcohol, and boiled several times 
in water; the solution is mixed with ammonia, and the product is purified by recrystallization- 
its solution in alcohol is used for dyeing. By heating the acid, a shade between garnet-red and 
brown is produced. 

SchifPs yellow is met with in commerce as a paste; dissolved in weak acids it dyes a yellow 
which is rendered more solid by passing through a solution of carbonate of soda - 3 parts stannate 
soda, 1 nitrate aniline, in 10 of water to which a little caibonate soda is added are heated to 100° 
(212° F.) ; a strong reaction sets in ; as soon as acids produce a red coloration, the process is 
complete. On adding strong hydrochloric acid, the colour is deposited as a resinous mass 

This is obtained by acting with nitrous acid on solutions of rosaniline Ilofmann’s 
and ordinary violets, Usebe’s green, and Girard’s aniline brown. Different tints are developed 
according to the amount of gas passed through, the highest shade being a yellowish red Evapo 
ration in a salt-water bath produces a red powder. Its solution in alcohol with a little ammo^a 
gives, on silk and wool, bright shades of orange. With iiidigo-dyed goods it gives a green 
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Sopp’s yellow, or jaune de Lyon. — (See Cerise). 

Anilute Blacks. — These are produced by the action of oxidizing agents on anilines, generally 
in contact with the fabrics to be dyed, though paste blacks are sent ont by some makers. The 
anilines employed in blacks and greys for calico-printing, &c., generally contain 60-65 per cent, 
liquid, boiling at 180°-185° (356°-365° F.) — pure aniline, 18-22 per cent., boiling at 185°-192° 
(365°-377° F.) ; aniline and toluidine, 8 per cent., boiling at 192°-198° (377°-3S8° F.) ; 
toluidine ; and 4-6 per cent, xylidine, &c. Their sp. gr. should be 2'’-3J° B. ; those of higher 
sp. gr. may coiitnin nitro-benzol, while in those below 2° there is much toluidine, which injures 
the black. When fraotionized, these anilines should distil almost entirely at 180°-190° (356°- 
374° F.). Coupier’s anilines, which distU at 180°-185° (356°-365° F.), are said to produce the 
richest blacks. Pseudotoluidine, and the products boiling at 185°-192° (365°-378° F.), give “ blue- 
blacks.” Toluidine, and the products boiling above 192° (378° F.), give rusty blacks ; on this account, 
they are rejected. 

The salts of aniline earmot be used indiscriminately for producing blacks ; nearly aU the salts 
with organic acids give very unsatisfactory results, as do even those obtained with mineral acids, 
if perfectly neutral ; the solution must be acid, and in this way, it is possible partially to regulate 
the character of the black. The hydroehlorate and disulphate with excess of acid are usually 
employed. 

A description of Lightfoot’s and similar methods of obtaining aniline blacks belongs more 
appropriately to the department of the dyer, and will be treated in the article on Dyeing and 
Calico-Printing. 

Attempts have been made to prepare a black dye from aniline in the same form as other colours. 
Coupler proposes to mix 175 parts commercial aniline with an equal quantity nitro-benzol, adding 
200 parts hydrochloric acid, 16 parts iron filings, 2 parts copper filings, and heating the whole for 
six to eight hours at 160°-200° (320°-392° F.) in an enamelled iron pot fitted with a condenser. 
The operation is complete when the mass can be drawn into threads. This black is soluble 
in acids, alcohol, and wood-naphtha ; for use, it is dissolved in sulphuric acid. 

Lucas’ black is a soft, black mass, composed of hydrochlorate aniline and acetate copper. It 
produces a black of very good tone, and can be obtained at a low price. 

The black supplied by A. Milller, of Zurich, is obtained by dissolving in \ lit. water, chlorate 
potash, 20 grms. ; sulphate copper, 30 grins. ; chloride ammonium, 16 grms. ; hydroehlorate aniline, 
40 grms. The mixture is heated in a salt-water bath at about 30° (86° F.); after a few minutes, 
it froths and swells up ; if, at the end of some hours, it becomes pasty without turning quite black, 
the heating is continued. The paste is exposed to the air for some days, washed on a filter till no 
salts are found in the filtrate, and is removed from the filter as a deep-black paste, containing 
about 50 per cent, of dry colour. A blue-black is obtained from this, by finally washin<r with 
20 grms. soluble blue in 1 lit. water. These colours are mixed up with much albumen, which is the 
principal drawback to their use. The dry black, ground up, and mixed with a solution of gum, is 
said to equal the best Indian-ink. Muller’s black is largely used. 

Aniline Greys. — Abel’s grey is thus obtained; — 2 lb. aniline, boiling at 188° (370° F.), is 
mixed with 10 lb. solution arsenic acid (sp. gr. 1-375), and heated in a water bath till the mixture 
thickens and rises. The vessel is then withdrawn from the fire, and a little water is poured in, to 
prevent boiling over. The product is thick and blackish, and is insoluble in water. It is purified 
by adding 18 qts. water and 2 lb. hydrochloric acid, boiling for about half an hour, and filtering ; 
the precipitate is washed with boiling water, and finally with a weak solution of sodie carbonate, so 
as to neutralize the acid, after which it is dried, and remains as a fine black powder. Its solution is 
effected in alcohol, to which 10 per cent, sulphuric acid may be added, and will produce many 
shades of grey by addition of the requisite mordants to the bath. 

Greys are obtained from weak solutions of some blacks. One is prepared by Casthelaz 
by mixing 10 parts by weight of Perkin’s violet with 11 parts oil of vitriol, and 6 parts aldehyde 
and heating for four to five hours. The colour is precipitated, from its dilute solution, by an 
alkali, and washed. 

A recent application of the aniline dyes is for the production of coloured lacquers ; the salts 
used should be as free as possible from water. They are also employed to separate cotton from 
woollen rags, the former taking no colour from a dye which produces a pronounced tint in tlie 
latter. 

Carbolic Acid.— (See also p. 41.) This compound is now regarded as benzol, one atom of 
whose hyflrogen has been replaced by the radical HO ; its formula is therefore 0jH5(H0), benzol 
being CsHj. When in a pure state, it consists of colourless acicular crystals, and has a sp. gr. 
of 1-065; Calvert’s “ Pure Medicinal” acid fuses at 42° (108° F.) to an oily liquid, and boils at 
182° (359° F.). Carbolic acid is one of the most powerful antiseptic and antizym’otic agents at 
present known, and exhibits strong anmsthetic and escharotic properties. In the animal kino-dom 
it is found in the urine of men, horses, and cows; in the vegetable world, it exists in the ^stor 
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plant, in the Andromeda LescJienmltii, a plant growing on the high lands of India, and in the resin 
of the Zanthorrhaea /lastilis ; among minerals, coal seems to be the only one in which it has hitherto 
been discovered. It may be produced by the action of nitrons acid on aniline, and by the dry 
distillation of gum benzoin, quinic acid, and chromate of pelosina ; there is besides the ordinary 
commercial process of extracting it from the oils of coal-tar. 

Uarly Methods of Manufacture . — So long ago as 1834, carbolic acid was discovered by Ennge to 
be a constituent of coal-tar oil ; and about seven years later, Laurent made further investigations 
into its properties, and succeeded in separating it. He considered it to be a hydrated oxide of a 
peculiar compound radical, phenyl, whence he named it hydrated oxide of phenyl. Mansfield, in 
1847, and Bobceuf,. in 1856, made some improvements in the processes of extraction ; but it was 
reserved for the late Dr. Grace Calvert and his partners to work out the manufacture, to such 
perfection as would enable the acid to be produced at a saleable figure on a large scale ; and his 
firm is now the large.st, as it is undoubtedly the first, in this branch of chemical industry. 

Laurent’s method of preparing carbolic acid from coal-tar consisted in submitting the light oils 
to a fractional distillation, and then treating those products which had distilled over at tempera- 
tures varying from 160° to 218° (320° to 424° P.) with a concentrated solution of potash, separating 
the alkaline solution from the hydrocarbons which floated on it, and afterwards neutralizing the 
alkali by an acid, which last process liberated the carbolic acid from the alkaline solution. Pure 
carbolic acid was present, however, only in very small proportion. The product was, in fact, a 
mixture composed chiefly of different liquids, similar in properties and composition to carbolic acid ; 
and, though Laurent succeeded in obtaining solid carbolic acid, the process devised by him was too 
expensive to answer on a manufacturing scale, and his mode of operation was too complicated. 
The modifications suggested by Mansfield, and later by Bobceuf, consisted principally in employing 
caustic soda instead of potash, and in treating the whole of the light oils, instead of only a special 
portion of them ; still the result was a highly impure acid, from which it was very difficult to 
extract the pure acid. Commercially, however, their process was a step in the right direction, and 
was employed by Clift, under Dr. Calvert, in manufacturing some carbolic acid, about thirty 
years ago. This impure acid was successfully used, by Dr. Calvert, in producing picric acid, in 
preventing the transformation of tannic acid into gallic acid, in tanning, and in the preservation 
of subjects for the dissecting-room. 

In 1859, a demand arose for a purer acid. From experiments instituted by Dr. Calvert, it was 
found that the beat mode of preparation was not by treating light or heavy oils of tar with con- 
centrated alkalies; but, on the contrary, by treating the impure benzols or naphthas of commerce 
— distillates from the tar oils— with weak alkaline solutions. By this means, was produced a 
blackish fluid, a little heavier than water (sp. gr. 1-060), and containing 50 per cent, of real 
carbolic acid, which latter was separated in part by careful distillation. This acid continued 
in use for colour manufacturing till 1861, when aniline colours of such fineness and brilliancy were 
produced, that, in order to keep pace with them, it became necessary to still further improve the 
quality of the carbolic acid. After some trials, white detached crystals of the acid, melting at about 
29° (85° F.), were obtained. In 1863, this relative purity was again found to be insufficient, and 
further eflbrts to increase it resulted in the production, on a commercial scale, of Laurent’s “ phenylic 
alcohol,” a substance melting at 35° (95° F.), and boiling at 186° (367° F ). Repeated attempts to 
draw the attention of the medical profession to the remarkable therapeutic qualities of this acid 
were then made ; but the tarry and sulphuretted odours which it still possessed were serious obstacles 
in the way of its application. Dr. Calvert soon succeeded, however, in removing these objectionable 
features, and was able, in 1864, to manufacture an acid quite free from sulphuretted smell. Still 
he did not stop his researches; but, two years later, discovered a process which enabled him to 
show an acid completely deprived of all disagreeable odour and tarry flavour, and as pure, though 
extracted from tar, as if it had been produced by the help of the reactions noticed by Wurtz and 
Ke'kule, based upon the direct transformation of benzol into earbolio acid, or by the well- 
known changes by which it may be obtained from salicylic or benzoic acids. This new phenylic 
alcohol, or carbolic acid, was, however, in some respects distinguished from Laurent’s. Thus, it was 
soluble in 12J parts of water instead of 33 ; was fusible at 42° (108° F.), instead of at 35° (95° F.) • 
and boiled at 182° (360° F.), instead of at 187° (368° F.). Nevertheless’it gave, like Laurent’s, tire 
blue colour described by Berthelot as being produced on mixing ammonia with it and adding a 
small quantity of hypochlorite to the solution, the same effect being produced by exposin» to 
hydrochloric acid vapours a chip of deal that has been soaked in this pure carbolic acid. It'was 
supposed that, as Laurent’s acid had constant boiling and crystallization points, it was a pure and 
definite substance ; but the production of this pure acid proved it to be nothing of the kind, 
Laurent’s article being only a combination of pure carbolic acid with a liquid homologue ; for when 
a certain proportion of water is added to Laurent’s acid, and the mixture is exposed to a temperature 
of 4° (39° F.), it deposits large octahedrons of a crystalline substance, which is a hydrate of 
carbolic or phenylic alcohol,- that is to say, carbolic acid combined with an equivalent of water of 
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crystallization. This fact is highly interesting from a chemico-theoretical point of view, for it 
exhibits the only example known of an alcohol which, combining with water, forms a crystalline 
hydrate. By removing from this hydrate the equivalent of water, as well as the traces of 
sulphuretted compounds, and coal-tar bases, which it contains, carbolic or phenic acid is obtained 
in its purest state. 

Present Method of Manufacture. — To procure crude carbolic acid, the coal-tar is distilled in a still 
much resembling in all respects that used for the distillation of the acid (to be shown presently> 
only of about twenty times as great a capacity. The distillate from the coal-tar is collected in 
various portions, as already indicated, 
the largest proportion of the carbolic 
acid being generally present in the 
“ light oils,” a black spirit having a 
powerful, unpleasant, tarry odour. This 
tar oU is mixed with a caustic soda 
solution at 12^ Tw., made from cream 
caustic soda, and is put into a barrel- 
shaped boUer fitted inside with arms, 
which are made to revolve on a spindle, 
and thus thoronghly agitate the mix- 
ture. The result of this process is that 
the caustic soda dissolves out the whole 
of the carbolic acid, while the separated 
and undissolved oily matters, known as 
creosote oil, fioat on the surface of the 
solution when it is allowed to settle. The alkaline solution is then run off from the supernatant 
oOs, and is treated with brown oil of vitriol (sulphuric acid at about 140°-150° Tw.), in just 
sufiSoient amount to completely neutralize the soda, without being in excess. This acid forms 
a salt with the soda — sulphate of soda — which sinks, while the carbolic acid rises to the surface. 
Generally, the suliihate of soda is 
allowed to settle out twice, so as to 
leave the carbolic acid as free from 
it as possible. At this stage, it is 
known as “ crude ” carbcite "acid, 
and, though considerably purified, 
it still retains a deep black colour, 
and an unpleasant odour. The pro- 
duct is received, in this state, from 
the tar distillers. The proportion 
borne by this acid to the amount of 
tar treated in its production is about 
1-3 per cent. The impure or crude 
carbolic acid consists of carbolic and 
cresylic acids, and their homologues; 
together with a variety of im- 
purities. It is next subjected to 
a process of fractional distillation, 
which separates the carbonaceous matters and the water, the latter amounting to about 15 per cent, 
of the whole. This operation is conducted in the apparatus shown in Fig. 491 ; A is a circular 
still of wrought iron, 4 ft. in diameter, 6 ft. high, and provided with a dished bottom ; it is set in 
brickwork (as shown in Fig. 492), with a double series of flues, one to heat the upper portion of 
the sides, viz. the space included between e and /; the other, to heat the sides from / 
downwards to g ; above the level of e, the still is famished with a manhole a ; on 
to the top of the still, a cast-iron head and arm B is bolted, as shown at b b, the 
head B being fitted with a flange for that purpose; at c, another flange is cast on 
the arm B, for the reception of a flange c of the leaden condensing worm C ; this 
condensing worm is of 2 in. bore at the commencement, diminishing to IJ in. at 
the ontlet d. 

The distillate which escapes at d is collected in metallic coolers, about 22 in. 
high, holding about 12 gallons, and of the shape indicated in Fig. 493. They 
are placed in troughs, and surrounded by a refrigerating mixture, produced by some coolioo- • 
apparatus, such as Kirk’s, or Siddeley and Mackay’s, refrigerating machine. The last is shown 
in Fig. 494; A is the refrigerator; B, the vacuum piunp; C. the condenser; D, the ether 
meter; EE, the water pumps; F, the hand pump; G, the hand-pump condenser; I, the 
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steam engine. The refrigerator A, a copper tubular vessel, is charged with the requisite 
supply of liquid ether, which, by the action of the vacuum pump B, is evaporated, drawn 
away in the form of vapour, and passed into the copper tubular condenser 0 ; here, under slight 
pressure, and by the aid of a stream of water, it is again reduced to its liquid state, and is 
thence returned through the ether meter D to the refrigerator A, to be re-evaporated. Thus 
the same ether is used continuously, with inappreciable loss. The ether meter D regulates the 
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flow of the liquid ether to the refrigerator, rendering the machine self-acting. To utilize the cold 
produced by the evaporation of the ether, an uncongealable liquid, such as very strong brine, or a 
solution of calcic chloride, is forced by the pump E through the tubes of the refrigerator A, parting 
with its heat to the ether vapour on its passage, and leaving that vessel at a temperature of — 10 ° 
to — 7° (14° to 20° F.) — thus many degrees below freezing point — to be used in the freezing tanks, 
where the coolers represented in Fig. 493 are placed. The carbolic acid requires a long time for 
cooling ; but solidifies finally in the form of thick acicular crystals of impure acid, which have lost 
their carbonaceous impurities so far as to be only slightly drab-coloured; and, though strongly 
odoriferous, their smell is by no means unpleasant. After removal from the freezing tank, the 
coolers are drained, by withdrawing the cork that is inserted in the aperture at the bottom. The 
liquid present escapes, and leaves a perfectly white acid, of indefinite crystalline form, fusing at 
about 29° ( 8 . 0 ° F.), but still possessing a strong odour. This is known as Calvert’s “ No. 3 ” acid. 

Neglecting this ‘‘ No. 3 ” acid for the present, it will be well first to follow the mother-liquor 
which has been drained from it. This is placed in a still, similar in all respects to that already 
described; 300 gallons of the liquid, of which a very variable proportion wdl be water, are 
redistilled, until there only remains in the bottom of the still about 30 gallons of a pitchy residue, 
which is run off, while hot, in a fused state. The distillate is conducted through a leaden worm 
surrounded by water, for condensation, and theuce into coolers. In this product, there is present 
a certain amount of crystallizable carbolic acid, as well as more or less of cresylic acid. This 
latter, which is soluble in about 80 parts of water, and whose boiling point is 190°-200° 
(374°-392° F.), is a constituent of all impure commercial carbolic acids, and is extensively used as 
a disinfectant, being frequently sold, for this purpose, under the name of “crude” or “liquid” 
carbolic acid. It may here be mentioned that there has grown up a practice of passing off, under 
this name, mixtures of tar oils, containing usually only a small percentage of carbolic acid, and 
sometimes even none at all, their general appearance and o<lour preventing their ready distinction, 
by the unscientific public, from the genuine acid. Now the value of the liquid for disinfecting 
purposes depends upon the quantity of carbolic and cresylic acids present in it, and upon its 
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freedom from taj oils, for these, even if containing a small percentage of- carbolic acid, are them- 
selves comparatively valueless for disinfection, and, being insoluble in water, hinder the solubility 
of the carbolic acid. No liquid carbolic acid should be purchased, therefore, without a guarantee 
from the vendor as to its composition. 

A ready method of testing liquid carbolic acid, to ascertain its genuineness, is to measure oif a 
given volume in a graduatetl glass, and then to add to it twice its volume of a pure caustic soda 
solution of 14° Tw. at 15° (60° F.). As carbolic and cresylic acids are both soluble in this solution, 
the “ liquid ” acid should, if genuine, entirely dissolve, on shaking the mixture well together. 
The test for the crystallized acid is its fusing point; and, for the liquid acid, its solubility. 

F. C. Calvert and Co. do not sell this liquid acid in its impure state ; they subject it to 
another distillation, and remove all traces of sulphuretted hydrogen, producing a very slightly- 
tinted, clear liquid, having a much less rank odour. This they distinguish as “ No. 5 ” acid, 
which they sell in bulk (casks, &e.) ; 6s. per gallon is the retail price. Byredistilling this “No. 5,’’ 
they get a still purer acid, called “ White No. 5,” which is the ordinary liquid acid sent out by 
them in bottles. This, as well as the preceding quality, is guaranteed to contain not less than 
85 per cent, of carbolic and cresylic acids, and to be free from tar oils and sulphuretted hydrogen. 

To return to the “ No. 3 ” acid, fusing at 29° (85° F.). This is redistilled in the same kind of 
still ; but the worm for condensing the gases as they are evaporated has now to be made of zinc, 
instead of lead, as the latter metal would colour the product. The distillate is run into coolers of 
tin or zinc, where it is allowed to coot in the air down to 32° (90° F.). The coolers are then 
pierced, to drain off the liquid for reworking, leaving a mass of pure white crystals, fusing at 35° 
(95° F.), and corresponding with the acid produced by Laurent. This is Calvert’s “ No. I Com- 
mercial ” acid, used chiefly for the manufacture of the various carbolic acid colours. It is 
frequently sold as purporting to be “ B. P.” quality ; but to obtain the real B. P. acid, it is 
necessary to remove from this commercial acid all traces of sulphuretted compounds and coal-tar 
bases, and to rectify it in ordinary glass swan-neck lelorts of about 4 gahons capacity, and having 
long glass tubes as condensers for the distillate. Here the acid must be treated aud evaporated 
almost to dryness. The cooled distillate has the same fusing point as the acid whence it is derived. 
It is soluble in 20 paits of water, and should be used exclusively for surgical applications. It forms 
Calvert’s “ No. 2 Medicinal ” carbolic acid, and is the only one which fulfils all the conditions of 
the British Pharmacopceia, drawn up by the late Dr. Grace Calvert. 

In order to produce a more perfectly pure carbolic acid, advantage is taken of Lowe and 
Gill’s patented invention (1874), * hose object is to effect and facilitate the sepaiation of carbolic 
acid from the cresylic and other liquid tar acids contained in mixtures of these products, which, 
when dehydrated by distillation in the usual manner, are crystallizable at 17°-35° (62°-95° F.). 
The following method is adopted : — It is first ascertained whether the acids are partially or wholly 
hydrated ; should they be in a dehydrated state, they must be hydrated by the addition of water 
to the amount of 5-30 per cent. The hydrated acids are then placed in suitable vessels surrounded 
by a cooling mixture, or circulating fluid, of a temperature sufficiently low to effect the separation 
of more or less hydrated carbolic acid crystals, say — 9° to 13° (15° to 56° F.). This refrigerating 
process being complete, the mother-liquors are drained or otherwise separated from the crystals, and 
are rectified in the manner already described, to bring them within the limits of the crystallizable 
temperatures for re-treatment. 

The crystals may be purified from all traces of the mother-liquors, by re-crystaUization, either 
by partial fusion, or by solution in water and subsequent refrigeration of the water solution to a 
temperature of about 1° (33° F.). The crystals are then dehydrated by fractional distillation, and 
thus is produced a carbolic acid crystallizing at 38°-422° (]00°-10S°’5 F.), and boiling, with 
thermometer in liquor, at 181°-1S2° (358°-360° F.) under an atmospheric pressure of 29‘26 iu. 
of mercury. Calvert and Co. drain away the mother-liquor from this acid, and subject the latter to 
a special treatment, rendering it perfectly free from traces of sulphuretted compounds and coal-tar 
bases, then to a further rectification in glass, producing a chemically pure acid, fusing at 42° • 2 
(107° • 9 F.), boiling at 182° (360° F.), and soluble in 12J parts of water. This pure acid is composed 
of acicular crystals, and is entirely free from tarry taste and odour; it is known as “No. 1 
Medicinal ” acid, and is used nearly exclusively for internal administration. It is sold in bottles 
of 1 oz. and upwards, the retail price being 10s. per lb. 

Besides Calvert’s soaps, containing specific proportions of carbolic acid, there are two prepa- 
rations of the acid which call for a short notice, viz. carbolized powder and caxbolized tow. 
The former consists of a mixture, in the proportion of 15-20 per cent., of liqui.l carbolic and 
cresylic acids, and an inert base, such as silica. Perhaps silicate of alumina, or china clay, is the 
best ; lime, which is sometimes used, is not so suitable, on account of its destructive nature to 
carpets, &c., should it by accident be spilled on them; it would also set free ammonia, if present in 
the matter to be disinfected. In this manner, is produced a disinfecting powder, iu which the acid 
is left in a free state, thus allowing it to act by direct means, or by evaporation. 


2x2 
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In order to readily detect the amount of real carbolic acid in a disinfecting powder, R. Le Neye 
Foster, F.C.S., lias devised the following rough method; — Place 1000 gr. of the powder in a 
small tuhnlated retort ; heat the retort gradually, until the liquid distillate ceases to drop (a brisk 
heat is required towards the end of the operation) ; collect the distillate, which will condense in 
the tube of the retort, in a graduated cylinder grain measure, and allow it to settle for one hour, 
when the amount of oily liquid and water may be read otf ; the oily liquid should represent the 
amount of carbolic acid ; to ascertain if this be so, to one volume of it, add two volumes of a 
solution of pure caustic soda, 14° Tw. at 15° (60° F.), which will entirely dissolve the carbolic acid ; 
if any remains undissolved, it will probably consist of either heavy or light oil of tar, the most 
frequent adulterants of carbolic acid, and, in some cases, entirely substituted for it. The above 
process will, if carefully worked, give within J per cent, of the amount of carbolic acid really 
contained in the powder. 

Carholized tow is a preparation of tow with carbolic acid ; it is recommended by the ‘ British 
Medical Journal,’ in decided and unqualified terms, and may with advantage be used for most of the 
surgical purposes to which lint, sponge, and cotton wool are now applied. 

Oth.er Processes. — Schnitzler proposes to produce colourless crystallized carbolic acid, in the 
following manner. Raw phenate of soda is thoroughly heated in a copper still ; water, naphthalene 
oils, and a little carbolic acid pass over, and the fire is removed when the distillate begins to run 
milky: 15 kilos, require about ten hours. The greater part of the carbolic acid remains 
combined with the soda, as a solid mass ; the temperature of the vapour during distillation may 
reach 170° (338° F.) ; the solid residue is afterwards dissolved out in triple the quantity of water 
necessary. This liquid is allowed to settle for some days, when certain impurities are deposited. 
Dilute sulphuric acid is then adile l to the clear liquid, the carbolic acid is decanted and distdled in 
glass vessels ; water passes over first, then pure carbolic acid, which crystallizes entire, and lastly a 
leas pure carbolic acid, which, even after crystallization, retains some oily impurities. In order to 
obtain carbolic acid in a dry state, recourse must be had to digestion with chloride of calcium, 
followed by a new rectification ; if required pure, only that portion which boils at 188° (370° F.) 
must be received ; the distillate, by refrigeration, furntshes crystals of the acid, which must be 
drained, dried, and preserved from contact with the air. 

To ascertain the percentage of carbolic acid in dead oils, &o., there is a simple method, based 
upon the boiling point of the acid. The substance is heated in a still, and the oily liquid distilling 
at 150°-200° (302°-392° F.) is well mixed with a solution ^ caustic soda, which combines 
with the carbolic acid, forming a compound which may be refflily decomposed by any strong 
mineral acid. Briefly, the process amounts to a preparation of carbolic acid, carried on so carefully 
as to render it suitable for ascertaining quantities. 

Professor Church remarks that the rank of carbolic acid as a most valuable contribution from 
chemistry to medicine is so well assured as to require no confij-mation, yet there is an objection 
urged against the substance, which has some apparent force, simply because the preparations of 
commerce are so seldom free from a gasdike or naphthalic odour, which, though entirely foreion to 
carbolic acid itself, has condemned its use in some quarters. He adopted the following simple 
plan of purifying such acid : — 1 lb. of c.irbolio acid is poured into 20 lb. of cold distilled water 
taking care not to permit the whole of the acid to enter into solution. With a good sample, if 
after repeated shaking at intervals, 2-3 ounces of the acid remain at the bottom of the vessel, this 
will be sufficient to hold all the impurities ; with bad samples, less water or more acid must be used. 
The aqueous solution is siphoned oflF, and filtered till perfectly clear ; it is then placed in a cylinder, 
and common salt is added with agitation till it no longer dissolves. On standing, the greater part 
of the carbolic acid will be found, as a yellow oily layer, on the top of the saline liquor, and may 
be removed for use. As it contains 5 per cent, or more of water, it does not generally crystallize : 
but it may be made to do so by distilling it from a little lime. The portion collected up to 185° 
(365° F.) or thereabouts has, at ordinary temperatures, scarcely any odour, save a faint one 
resembling that of geranium leaves. The saline liquor remaining may be distilled, to yield a 
second portion of pure carbolic acid, which will serve as a disinfectant and deodoriser. 

Impurities.— OaQ of the most common impurities found in carbolic acid is coal-tar oil. This can 
easily be detected by mixing the suspected acid with a solution of pure caustic soda 14° Tw at 
15° (60° F.), one volume of the former to two of the latter, and agitating. If pure, the solution 
will be complete; the amount left undissolved after settling will indicate the proportion of im- 
purity. Pure carbolic acid gives a blue colour to pine wood pieviously treated with hydrochloric 
acid : a green colour indicates aniline ; and a brown, pyrrhol. 

Poisoning and Antidotes.— Incases of poisoning with carbolic acid. Dr. Calvert recommends the 
administration of copious doses of castor and sweet oils. In cases of external burns, glycerine should 
be immediately applied, and the affected parts should be repeatedly washed with it Dr J Hase- 
mann recommends a strong solution of saccharate of lime, as an antidote. Carbolic acid is a 
most powerful poison ; it can cause death even when it acts only upon the skin, and it should never 
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be spriuMed upon floors, nor upon any surface likely to be used as a seat, unless it be in perfect 
solution in water. In an impure state, or in solution, it bas been swallowed in mistake for porter 
or spirits. The signs indicating poisoning by carbolic acid are especially the whiteness of the 
mouth, tongue, and fauces, and the characteristic odour. Dr. Sansom recommends the immediate 
administration of the white of eggs. 

Tests . — Besides the tests already indicated on p. 41, attention is directed to the following ; — 
(1) Dr. W. F. Koppeschecar’s method of estimating volumetrically, by the aid of a titrated volume 
of hydrobromic acid, fuUy detailed by him in the * Moniteur Seientifique,’ April, 1878. (2) Prof. 
E. W. Davy observes that a solution of molybdic acid in sulphuric acid produces a light-yellow or 
yellowish-brown tint, developing into purple. This test appears not to be interfered with by the 
presence of organic substances, and affords a means of distinguishing creasote from carbolic acid, a 
matter of commercial importance, much of what is sold as creasote being little else than carbolic acid. 
Eecent tiles of the ‘ Analyst ’ may also be consulted with advantage. 

Uses . — The next consideration will be some of the uses which may be made of carbolic or phenic 
acid (oi rather alcohol, for its properties are alcoholic rather than acid), for sanitarj', domestic, agri- 
cultural, and manufacturing purposes. 

The antiseptic or germ-killing properties of this substance are very remarkable. Research and 
discovery h tve shown that all fermentation and putrefaction are due to the presence of microscopic 
animals or vegetables, which, during their vitality, decompose orcliange organic substances, so as to 
produce the effects which are witnessed. As carbolic acid exercises a most powerful destructive 
action upon these micioscopio and primitive sources <Jf life, it is therefore an antiseptic and disin- 
fectant, much more active and much more rational than those generally in use. 

It is necessary here to make a few remarks, explanatory of the distinctions between deodorizers, 
disinfectants, and antiseptics. All substances acting merely as deodorizers are neither disinfectants 
nor antiseptics, as they simply remove the noxious gases and odours emitted from organic matters 
whilst in a state of decay or putrefaction, without having the property of arresting decomposition or 
fermentation. It has been proved that the source of infection does not lie in the noxious gases and 
bad smells (which are simply indicators of its probable existence), but in microscopic spores floating 
in the atmosphere, and which are ultimately developed and propagated. 

Disinfectants are those bodies which prevent the spread of infection. Under this head, may be 
classed bleaching powder or chlmide of lime, sulphurous acid, and permanganate of potash. They 
act first as deodorizers, and th|n as disinfectants ; but they must be employed in large quantities 
to thoroughly oxidize or burn up organic matters, so as to prevent them from again entering into 
decomposition when exposed to the atmosphere. They are, in fact, rather destructive agents than 
disinfectants properly so called, and are never antiseptics. 

Antiseptics, such as corrosive sublimate, aisenious acid, essential oils, carbolic acid, &c., act ns 
such by destroying all source of decay and decomposition, that is to say, they destroy or prevent the 
formation of the germs of putrefaction and fermentation, without acting upon the animal or vegetable 
matters present. The advantage of their use is, theiefore, that they act, when used in small 
quantities, upon the primary source of a state of decay in all organic matters. Further, they are 
deodorizers, inasmuch as they arrest the progress of that decomposition which generates offensive 
odours ; thus, while an antiseptic is, of necessity, at the same moment, a deodorizer and a disinfectant, 
these latter are not necessarily, and probably never are, antiseptic. 

Kow disinfectants, such as chlorine, permanganate of potash, or Condy fluid, operate by oxiilizing 
not only the gaseous products given otf by putrefaction, but also all organic matters with which 
they may come into contact ; whilst carbolic acid, on the contrary, merely destroys the causes of 
putrefaction, and, at tlie same time, sterilizes the organic matter, rendering it inert as a pabulum for 
the reproduction or the nutrition of disease germs. The great difference which distinguishes 
them, therefore, is that the former deal with the effects; the latter, with tlie cause. Again, these 
microscopic ferments are always in small quantities, as compared with the substances on which they 
act; as a very small quantity of carbolic acid suffices to prevent the decomposition, its employment 
is both efficacious and economical. Moreover, carbolic acid is volatile, it meets with and destroys 
the germs or sporules as they float in the atmosphere; but this cannot be the case with Condy 
fluid, nor with chloride of zinc or iron, which are not volatile, act only when in solution, and are 
mere deodorizers. This is why carbolic acid was used with such marked success, in England^ 
Belgium, and Holland, during the prevalence of cholera and cattle plague. Professor Crookes 
did not meet with a single instance in which the plague spread on a farm where the acid was 
fi eel y used. 

The antiseptic properties of carbolic acid are so powerful, that one-thousandth, and even one 
five-thousandth, part will, for months, prevent the decomposition, fermentation, or putrefaction of 
urine, blood, glue solution, flour paste, fieces, &c., &c. ; and its vapour alone is sufficient to preserve 
meat in confined spaces for weeks ; and even a little of its vapour in ordinary atmosphere will pre- 
serve meat for several day^, and jirevcnt its being fly-blown. Indeed, one ten-thousandth part has 



678 


COAL-TAB PEODUCTS. 


been found sufficient to keep sewage sweet, for Dr. Letheby found that, through the use of such a 
quantity of carbolic acid in the sewers of London, during the existence of cholera in 1866, the sewers 
of the city were nearly deodorized. 

Some experiments made by Dr. Calvert, on the comparative powers of various products ordinarily 
used as antiseptics, consisted in placing in bottles (not corked) solutions of albumen and flour 
paste ; to these were added various proportions of some substances patronized as antiseptics ; 
the following table sliows the results obtained: — 


Antiseptic employed. 


Percentage ' 
of ! 
Antiseptic, j 


Time in which it acquired an offensive odour. 
Temperature from 70*^ to 80'^ F. 


Albumen. Flour Paste. 


MeDougall’s disinfecting powder j 5 

Carbolic dioiiifeoting powder (15 per cent, ac.d) ' 5 

Cliloralum (made lately) 2 

Chloride of zinc 2 

Chloride of lime ■ 5 

Permanganate of pot.iah ' 5 

Tar oil I 2 

Carbolic acid ' 2 

Cresylio acid | 2 

None I 


11 days j 

Eemained sound i 
9 days 

15 days 

16 days 
i days 

11 days 

Remained sound 
Remained sound 
5 days 


25 days 

Eemained sound 

10 days 

Remained sound 

11 days 

6 days 
25 days 

Eemained sound 
Eemained sound 

7 days 


These figures show clearly tliat tl.e only true antiseptics are carbolic and oresylic acids, for they 
continued their action till tlie albumen solution and paste dried up; and these results coincide 
with those obtained by Professor Crookes, and by Drs. Angus Smith and Sansom. 

It may be remarked that disinfectants are of two classes, those which act by oxidation, destroying 
the organic substances which give riee to the infection, such as permanganate of potash, bleaching 
powder, and nitric acid ; and those which act by their presence, undergoing no decomposition them- 
selves, but appearing to poison, or render innocuous, the germs of disease. To the latter class belong 
camphor, and sulphurous and carbolic acids. 

If deodorizers are merely intended to remove the noxious odour from any mass of matter in a state 
of decay or decomposition, they may be used with advantage: such are chloride of manganese, 
chloride of lime, sulphate of iron, permanganate of potash, cliloralum, &o. But if it is desired to 
pi event tlie decomposition of organic matter, and to render it inert for the reproduction and 
nutiition of disease germs, carbolic and cresylic acids seem to be the only two substances to be 
relied on. 

As the products given off from decaying organic matter are well known to facilitate the decom- 
position of similar classes of substances to themselves, if placed in close proximity (the atmosphere, 
no doubt, conveying the geims). Dr. Calvert made the following experiments, with a view of ascer- 
taining which of the undermentioned products would possess the most active power in destroying 
such germs, and thus preserving the animal substance from decay. At the bottom of wide- mouthed 
pint bottles,, he placed a known quantity of each of the antiseptics, and suspended over them, by a 
thread, a piece of sound meat. By daily examination, it was easily ascertained when tlie meat 
became tainted, and when putrid. The subjoined table indicates the results 

Antiseptic used, i Bocame Tainted. ! Putrid. j 


Permanganate of potash 

Chloralum 

McDougall’s disinfecting powder 

Chloride of lime 

Tar oil 

Cliloride of zinc 

Carbolic disinfecting powder (15 perl 

cent, acid) j 

Carbolic acid 

Cresylic acid 


2 days 
2 days 
12 days 
14 days 
16 days 
19 days 


I 


4 days 
10 days 
10 days 
21 days 
25 days 


Did not become tainted, but dried 
up and became quite bard. 
Ditto Ditto 

Ditto Ditto 


The following account of a series of experiments, undertaken by Hare and Longstaff, with a 
view of determining the relative merits of a few so-called disinfectants recently introduced ’ as com- 
pared with others th.at have been long before the public, will be of interest. It should be premised 
that they only deal with the relative values as antiseptics. 

A quantity of urine was well mixed with a sufficient quantity of water to prevent the deposition 
of urates ; lOOc.c. of this mixed urine was placed in each of thirty-four vessels. To two of them. 
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5 c.c. of tap-water were added ; and to the others, the various antiseptics in the following amounts : 
— Of the solids, 0 * 1 grm. with 5 c.c. of water ; of the liquids miscible with water, 5 c.e. of a solution 
containing 0*1 c.c. of the antiseptic; and, in the case of the liquids not miscible with water, 5 c.Ci 
of a recently agitated emulsion of the same strength. Thus, in each case, the amount of antiseptic 
used was 0 * 1 per cent, of the volume of urine experimented on. All the experiments were in dupli- 
cate (I. and II. in tables). The only phenomena looked for were the appearance of mould, and a dis- 
tinct putrefactive odour : — 



Antiseptic, 0‘1 per cent. 

Day on which Mould 
appeared. 

Day on which Putrefac- 
tive Odour was distinct. 




I. 

II. 

I. 

11. 



Water only 

9 

9 

14 

13 



Terebene (Dr. Bond's) 

10 

10 

13 

18-23 ?» 



Carbolic acid (Calvert’s No. 5) . . 

None bv 75tb day 

None by 

75th day 



Burnett’s fluid 

9 

9 

12 

12 



Candy’s red fluid 

10 

10 

15 

10 


j Turpentine 

13 

14 

lS-23? 

18-23 ?• 


1 Chlornlum 

8 

8 

10 

11 


[ Borax 

8 

9 

18-23? 

18-23 ?» 


j Cupralum (Dr. Bond’s) 

8 

8 

12 

12 


I Ferralum (Dr. Bond's) 

None bv 14th day 

8 

8 


i Sodium salicylate .. 

10 

10 

14 

14 


Sanitas (aromatic, No. 3) 

8 

9 

9 

10 



Sanitas (inodorous, No. 3) .. .. i 

9 

9 

15 

11 



McDougall’s fluid . . .. ' ' 

12 

9 

13 

12 



Sanitas (aromatic. No. 1) .. .. 

9 

9 

14 

14 


' Sanitas (inodorous, No. 1) ,, 

9 

8 

15 

11 



• Some uacertainty as to exact day, owing to absence. 


As regards mould : — Burnett’s fluid, chloralum, borax, cupralum, and sanitas failed to dtday its 
appearance ; terebene, Condy’s fluid, sodium salicylate, and McDougairs fluid had but little effect ; 
turpentine delayed it four or five days ; ferralum was only under observation fourteen days, during 
which no mould appeared; carbolic acid appeared to prevent it entirely, since, after seventy-five 
days, the urine had evaporated nearly to dryness, without the slightest trace of mould having been 
observed. 

As regards putrefactive odour : — Its appearance was delayed a few days by terebene (one experi- 
ment), turpentine, and borax ; no putrefactive odoiir appeared where carbolic acid had been added ; 
the other substances had no effect. 

A few experiments were made with the fluids after they liad become putrid, by adding more of 
the antiseptic until the odour was removed, and then noting when it again became perceptible. 
These indicated that terebene, cupralum, sodium salicylate, and McDougall’s fluid rank highest as 
deodorizers, while Condy*s fluid and sanitas (aromatic, No. 3) have least power. But too much 
value must not be given to experiments which depend solely on the sense of smell, since it is very 
deceptive, and different observers dieagree about odours. Indeed, in the case of McDougairs 
powder, which has a very disagreeable smell of its own, it was found impracticable to decide whether 
an additional odour of putrefaction was or was not present. 

The medicinal applications of carbolic acid are numerous. It is used as a caustic ; for pul- 
monary diseases ; in several skin diseases ; in the treatment of burns and scalds ; and in many 
other ways. 

From a hygienic point of view, tlie uses and applications of carbolic acid are more general than 
those of any other article, or perhaps even than all the other agents taken together. The trifling 
disadvantage of its disagreeable odour is removed in proportion as the oils and other tarry matters 
are more perfectly separated; anj, in the best crystallized samples, there scarcely remains any 
odour at all, and that by no means disagreeable to persons in general. All the evidence that can 
be collected goes to show that the odour and vapour are wholesome and never hurtful, even by pro- 
longed exposure to a saturated atmosphere. It is said to be a tonic to those who work in it, and to 
have a general tendency to robust health. Its antiseptic or preservative powers have been long 
known, though but recently investigated; and generations of men have protected and preserved 
their meats and fish through its ageucy as derived from smoke. Small animals, insects, i:c., killed 
by it, dry up in the air without putrefaction ; by its use, crawling insects of all kinds can be pre- 
vented from attacking trees. 

Its employment in stables, shippons, slaughterhouses, pigsties, kennels, middens, and privies, 
does not cause the manure to deteriorate. For foot and mouth disease, scab, ^d foot-rot, it is an 
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efficacious remedy. By its use, the trade in skins and bones from Australia, South America, 
See., is being benefited. Often the refuse of cattle, especially the bones, come to this country in 
a half putrid state, emitting an insupportable odour, and fit only for manure ; with carbolic acid 
treatment, they arrive perfectly preserved, and can be employed for all the uses to which green or 
raw bones are usually applied, thus increasing their value very considerably. Hides also frequently 
arrive putrid, although they have been dried or salted ; it is only necessary to immerse them for 
twenty-four hours in a solution of two per cent, of carbolic acid, and to dry them in the air, to secure 
their preservation. It is probable that, in a short time, the blood, intestines, and other parts of the 
animals slaughtered in such numbers in stock-raising countries, will be treated with carbolic 
acid, and shipped to this country for manure. The acid is already used in the preservation of guts 
at the gut works ; for keeping anatomical preparations ; and for the preservation of all animal 
matter. It is also used for preventing the decomposition of the various albumen, flour, and starch 
thickeners used in calico printing, as well as for gelatine or bone size, employed for sizing 
fustains and other cotton goods. 

Derivatives from Carbolic Acid. — Of these, the most important is carbazotic, picric, or tri- 
nitrophenic acid (see p, 40). From this acid, are produced several useful compounds employed as 
dyes, explosives, and therapeutic agents. 

Picraniic Acid. — This was obtained in the first instance by Woebler, by the action of sulphate 
iron on picric acid, and neutralizing with caustic barytes ; a deep brown salt was produced, from 
which the baryta was separated by sulphuric acid, leaving an acid which was called “ nitrohss- 
matic.” But the process by which piciamic acid is now manufactured is due to Aime Girard, and 
depends upon the action of hydrosnlphate of ammonia on picric acid. Picramic acid imparts to 
silk a series of brown tints, similar to those obtained from catechu. 

Isopurpurate Potash. — This is obtained by mixing a solution of 2 parts cyanide potassium in 
4 parts water, with solution 1 part picric acid in 9 parts boiling water, with constant agitation ; on 
cooling, it solidifies to a red crystalline pulp ; this is strained, pressed, tiiturated, filtered, washed, re- 
dissolved in boiling water, filtered, and left to crystallize, when it forms reddish-brown scales, with 
a green lustre ; these dissolve in water and alcohol, yielding a purple-red colour. 

Isopurpurate ammonia, Murexid, or Soluble Garnet.— This is formed by decomposing isopurpu- 
rate potash by means of ammonium chloride. 

Isopurpurate aniline. — This results from a mixture of 42 parts hydrochloride aniline, and 100 
parts isopui'purate potash, and yields browns and reds. 

Piemios Ammonia, Potash, and Soda. — These are formed by neutralizing a hot solution picric acid 
by one of the agents named. Their chief use is owing to their explosive (jualities, but the ammonia 
salt has been highly spoken of as a therapeutic successor to sulphate quinine. 

Posolio Acid, Aurine, or Tdloic Coralline. — This may be produced by tho direct oxidation of car- 
bolic acid. The process generally adopted for its manufacture is due to Jules Persoz A mixture 
is made of about 3 parts carbolic acid, 2 parts oxalic acid, and 2 parts sulphuric acid. The oxalic 
aciil is added by degrees, and the whole is heated for some hours at about 1G0°(320° F.). The 
heating is best effected by Bunsen burners. During the reaction, more or less lively effervescence 
is produced, due to the disengagement of raibonic oxides, arising from the decomposition of the 
oxalic acid. The muss thickens and becomes reddish-brown. The operation is terminated when a 
sample thrown into amraoniacal water dissolves with a reddish-purple colour; the fire is then with- 
drawn, and the compound is run off by a leaden siphon into cold water, to separate the greater part 
of the excess of sulphuric acid and the sulphophenic acid formed. It is steamed up several times 
to complete the purification, and is then a pasty cantharides-green mass. This is dried in jacketed 
enamelled pans, by which it becomes hard and brittle. The whole process occupies about a week. 
It is soluble in alcohol, but not in water. Dr. Calvert discovered, in 1S63. that rosolic acid thus 
prepared could be employed directly as a dye, and introduced it to dyers under the name of “ aurine,” 
and to printers to produce upon silk and albumenized cotton magnificent orange colours, like those 
of basic chromate of lead, or of turmeric. The calcium lakes of aurine are largely used by paper 
Stainers. 

Peonine, or Bed Coralline. — In 1860, Persoz discovered that rosolic acid, heated under pressure 
with ammonia, gave rise to a red substance which he called “ Peonine.” Gunion, Mamas, and 
Bossuet perfected the manufacture, and gave it the name of “ Bed coralline.” It is prepared by 
introducing into a digester 1 part rosolic acid, ami about 3 parts coiaraercifil ammonia, and heatin®- 
the mixture with an oil bath for three hours at a temperature not exceeding 150^ (302° F.). The 
mass, withdrawn from the apparatus after cooling, forms a thick liquid of golden-crimson colour 
which is precipitated on addition of hydrochloric acid. It imparts a brilliant scarlet to silk and 
worsted. 

Azvline —The same firm introduced, towards the end of 1860, a blue dye, derived from rosolic 
acid, which they called “ AzuHue.” This is prepared by heating for several hours, at about 180° 
(360° F.), a mixture of .5 parts rosolic acid and 6-8 parts aniline, and which is pmified by repeated 
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treatment with STilphurie acid and benzol, constituting, when dry, a red mass having gold- 
coloured tints. Though discovered before the aniline blues, which have since become formidable 
rivals, it is still manufactured in competition with them. 

Veridme. — In 1863, was produced the first green derived from carbolic acid ; but it has not been 
able to compete with aniline greens. It was obtained from a mixture of aniline, and benzoic and 
rosolio acids. 

Phenicienne. — This was discovered, in 1863, by M. Roth; it produces fast colours, from a garnet- 
red to a golden-buff, and is obtained by the action of nitro-siilphurio upon carbolic acid. 

Sulpho-carholic Acid and its Salts. — When one equivalent carbolic acid is slowly mixed and heated 
with two equivalents concentrated sulphuiic acid in an earthenware pan, a definite compound is 
formed, called sulpho-carbolic acid CjH^SO,, which is dissolved out by the addition of water. The 
heat must be applied carefully, on account of the carbonizing influence of the sulphuric acid. The 
sulpho-carbolic acid is freed from sulphates by adding carbonate of baryta, which falls to the bottom 
of the vessel as sulphate of barium, and the liquid acid may be decanted. It forms a great number 
of definite salts, every one of which is soluble in water. The most important are those of soda, 
potash, zinc, iron, magnesia, and lime ; all are largely used for pharmaceutical purposes. 

Salicylic Acid. — Salicylic acid (to which much attention has lately been drawn), originally a pro- 
duct obtained in the laboratory in small quantities from the plant called Wintergreen (^Gaultheria 
prommbens'), is now being produced from carbolic acid on a commercial scale on the Continent, by 
the process of Professor Kolbe, of Leipzic. Carbolic acid is heated with solid hydrated oxide sodium 
in a closed iron retort, the temperature being maintained at about 183° (361° F.), till the water, 
and the excess of carbolic acid, have passed over into a receiver, dry carbonic gas being passed 
into the contents of the retort iu a continuous stream. The temperature is finally made to exceed 
200° (392° F.), the mass becomes solid, and the operation is terminated when but little residual 
acid distils over. The contents of tlie retort, after tlie above operation, contain some salicylate of 
soda and free carbolic acid ; they are dissolved in water, and by the addition of slight excess of 
hydrochloric acid to the solution, the salicylic acid is precipitated. It is then washed, and thus 
purified from all traces of the hydrochloric acid. The salicylic acid thus produced is a yellowish- 
white powder, devoid of smell, fusing, when pure, at 158° (316° F.), sparingly soluble in cold water, 
but readily soluble in boiling water. Its chemical composition is 0 ;Hs 03 ; or, in other words, 
1 equivalent carbolic acid -|- 1 equivalent carbonic acid. It may be sublimed unaltered ; but when 
heated strongly wiih powdered glass or sand in a retort, it is resolved into carbolic and carbonic 
acids. It possesses antiseptic properties, though in a less degree than carbolic acid. As a general 
disinfectant, it cannot become a rival to carbolic acid, owing to its lesser antiseptic power, and its 
higher price, this latter being entirely dependent on the cost of the carbolic acid from which it is 
manufactured. It is, however, being now employed in some of the German hospitals. 

Naphthalene Dekivatives. — Clavel (No. 2296, 1868) obtains a red colour from napthylamine 
(q. V.), which is acted upon at 121° (250° F.) with equal parts by weight glacial acetic acid and 
nitrite of soda, until the red colour is produced. The colour, after treatment with water, is dissolved 
in warm diluted acetic acid, from which it may be separated again, by common salt, for purification. 
Its solution in alcohol or weak acid may be used for dyeing or printing ; it is less altered on 
exposure than rosaniline reds. A scarlet has been obtained by treating the sulphate of naphthyl- 
amine with nitro-muriatic acid. 

Magdaht Pink, o • Hofmann’s Naphthalene Bed. — This colour is obtained by heating together amido- 
Bzo and amido-naphthalenes (q. v.), and is sold as a brown crystalline powder, which is the hydro- 
chlorate, soluble in alcohol with a deep-red colour, almost insoluble in cold water, but soluble in 
boiling water. Its alcoholic solution is precipitated by ether in a crystalline, brownish powder. 
Its dilute solutions have a splendid bright-red fluorescence. A few drops of a concentrated solution 
dropped into a test-tube full of alcohol, will take, by reflected light, a bright-red cloudiness, as if 
turbid ; but by transmitted light, will appear perfectly clear, with a fine rose-red tint. This is the 
most important colour from naphthalene ; but its manufacture being more troublesome than that of 
the anihue colours, it has not been much taken up. It does not equal aniline colours in deeper 
shades, but gives brighter tints. It has been pointed out as a source of other colours. 

Napthylamine Violet. — J3y using the same reaction as with aniline, arsenic acid, &c., violet colours 
have been obtained, but they are wanting in brilliancy and freshness. Hallo obtains a very fine 
violet, by heating acetate rosaniline with naphthylamine ; its alcoholic solution dyes equal to the 
aniline colours. , 

Vxolacine. — A blue dye of this name is obtained from an impure naphthalene by treating with 
strong caustic alkali, and submitting the product to oxidation (No. 3080, 1873). It is said to 
dye a fast blue colour with a reddish tinge, which, by complete purification, turns yellowish. By 
oxidizing naphthalene with chromic acid, a beautiful red matter is produced, to which Laurent 
has given the name of “ Carminnaphte ” ; it dyes silk and wool violets having orange or reddish 
shades. 
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Naphthalene Yellows. — Price (No. 89, 1869) produces a sulpto-acid by heating at 100° (212° F.) 
about 1 lb. naphthalene with 1 lb. concentrated sulphuric acid, till most of the former is converted 
into aulphonaphthalic acid, which is neutralized by an alkaline solution. By evaporation and fusion 
with an alkali, naphthol is obtained on precipitation with a dilute acid. The naphthol or naphthylic 
alcohol is then dissolved in strong sulphuric acid, to which warm dilute nitric acid is added. The 
solution passes through different tints, and finally assumes a yellow ; on cooling, the colouring 
matter crystallizes out. It may be purified by solution in alkali, and reprecipitation with muriate 
of ammonia. 

Manchester Yellow. — On the large scale, this is obtained by adding sodium nitrite to a solution 
of amido-naphthalene and hydrochloric acid, and boiling the diazo-naphthalene chloride thus formed 
with nitric acid. Ballo heats 1 part napbthylamine with 4-6 parts nitric acid (sp. gr. 1 • 35), as long 
as brown vapours are produced. The dinitro-napbthol thus formed dissolves in alcohol, ether, and 
benzol ; and crystallizes in fine citron-yeUow needles. It is the finest and purest yellow known ; it 
dyes silk and wool all shades of yellow from bright citron to orange, and is largely used for dyeing 
wool and leather, and printing felt carpet ; 1 lb. will dye 200 lb. wool an intense yellow. 

Chlor-oxij-naphthalic Acid. — Laurent and Casthelaz have adopted this substance for dyeing 
(1865, No. 1605). It dyes unmordanted wool an intense red ; by boiling with zinc in an alkaline 
solution for fifteen or twenty minutes, the liquid becomes yellow, from which hydrochloric acid 
deposits a brownish flocculent precipitate ; its alcoholic solution dyes wool and silk violet ; on cotton, 
the same may be fixed with albumen. The dilute solution dyes blue on wool, silk, and mordanted 
cotton : acids redden it. 

Phthalio Acid, or Anhydride ; CjHjOj. — This is formed by strongly oxydizing naphthalene. It 
melts at 175° (347° F.) from boiling water, and crystallizes in plates or thick prisms. It has the 
same relation to benzoic acid as the latter has to benzol. When calcium phtlialate is heated with 
quicklime to 300° (572° F.), it is converted into calcium benzoate ; but, at higlier temperatures, 
pure benzol is formed. Laurent and Casthelaz have proposed to obtain artificial benzoic acid by 
this reaction. 

Quiniaarine ; CnHjOj(OH) 2 . — When phenols are treated with phthalio anhydride, or when 
sulphuric acid, phthalic anhydride, and hydroquinone are heated together, quinizarine is formed ; 
it crystallizes from ether in yellowish plates, and from alcohol in deep red needles. It resembles 
alizarine, but gives a different absorption spectrum. 

Galline; OjoHijO,.— By heating at 190°-200° l374°-392° F.), till the mass acquires a pasty con- 
sistency, 2 parts pyrogallic acid and 1 part phthalic anhydride, the mixture turns red. It dissolves 
in alcohol, and, when filtered, may be precipitated with water ; this method may be used for its 
purification. On alum mordanted cloths, it dyes red shades resembling those of Brazil wood. 

CceruHne ; CjoH^O,.— This is obtained by heating gallin with 20 parts sulphuric acid to 200° 
(392° F.) ; the process is terminated when a sample heated with water gives brown flocks and a 
colourless solution ; the mass is then turned into a large quantity of water, and washed with boiling 
water. It dyes alum-mordanted fabrics a greenish colour ; and those mordanted with salts of iron, 
brown. 

Pesorcine, CH/CH)j, is obtained by fusing several resins ; its source is disulpho-benzolic acid, 
which, by fusion with caustic alkali, yields a mixture whence the resorcine is extracted by ether. 
Bindschedler and Busch give the following for its preparation 90 kilo, fuming sulphuric acid 
(80° B.), and 94 kilo, pure benzol, flow gently together through a cohobator into°a cast-iron still, 
and are constantly agitated ; the vapours are condensed, and fall back again into the still ■ at the 
end of two or three hours, sulpho-benzolic acid is formed. The cohobator is closed the still is 
connected with a condenser, and the temperature is raised to 275° (527° F.) for about twenty minutes ; 
the disulpho-acid thus formed is thrown into about 2000 lit. water and boiled ; the excess of sul- 
phuric acid is removed by lime ; the solutiou contains disulpho-beuzolate lime. ' This is converted 
into a soda salt, which after filtering is evaporated to dryne=s ; 00 kilo, are placed in a cast-iron 
boiler containing 150 kilo, caustic soda at 76° B. ; the whole is heated for eight or nine hours to 
270° (518 F.), with constant Stirling. It is cooled, dissolved in 500 lit. water with hydrochloric 
acid in slight excess, and kept boiling; when cool, it is filtered into copper cylinders about 
250 lit. capacity, supplied with agitating fans ; a current of ethylic etlier percolates slowly through 
the liquid, taking up the resorcine. This solution is received in an enamelled still, where the 
ether is evaporated and returned to the cylinders; this is continued.uiitil all the resorcine is faken 
up. The resorcine remains in the still, which is finally heated to 215° (419° F.); the resorcine 
then passes over almost chemically pure. 

Fluorescine,or Pesorcine-Phthaline ; This is formed bv fusing 100 parts resorcine with 

75 parts phthalic anhydride to 193° (380° F.), heating together for one hour ; on coolin<-, it is powdered 
and is ready for use. It forms dark brown crystals, dissolving in ammonia with a red colour • thi^ 
solution exhibits, even when dilute, a most beautiful green fluorescence. It dyes silk and wool a 
splendid yellow. It is used principally as a source of eosine. 
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Eosine. — When fluorescine ia heated with bromine, a substance is produced, which, when treated 
with potash or soda, dried, and powdered, has a brick-red colour ; it dissoWes in water, and dyes 
beautiful scarlet shades. 

Yellowish Eosine. — To one kilo, fluorescine, stirred into 10 lit. alcohol, is added in a gentle 
stream 1 • 1 kilo, bromine with constant agitation. This converts the fluorescine into a soluble brown 
compound, which, by the further cautions addition of 1 • 1 kOo. bromine, is converted into a crys- 
talline precipitate of tetra-brom-fluorescine, this is washed with a little alcohol, stirred up in warm 
water, and taken up with caustic soda or potash, taking care to avoid an alkaline reaction. The 
solution is evaporated, when the tetra-brom-fluorescine salt of sodium or potassium is obtained as a 
crystalline deliquescent powder. It dyes a fine scarlet with a yellowish tint. 

Blueish Eosine. — Fluorescine, and the necessary quantity of iodine are dissolved separately in 
alkaline water, and mixed. An acid is added, which, by setting free both the iodine and fluorescine, 
causes them to combine. A crystalline precipitate is deposited, soluble in dilute alkali, and 
forming the tetra-iod-fluorescine salt of sodium or potassium. It gives a blueish scarlet eosine, 
soluble in alcohol. Alcoholized derivatives are obtained by heating with alcohol and sulphuric 
acid in a cohobator. The methylic compound is more yellowish than the ethylio. These compounds 
are soluble in equal parts alcohol and water. Other eosine colours are obtained, but they have not 
yet met with much demand. The commercial salts are generally those of sodium. 

Griess (1877, No. 3698 ; 1878, No. 4728), obtains colouring matters by acting upon the diazo 
compoimds of the nitro-phenols with certain derivatives of the phenyUc series. Picramio acid ia 
converted into its azo derivative, and, by treatment with carbolic acid, yields yellow or brown 
colouring matters ; a maroon is obtained by using resorcine or orcine instead of carbolic acid. Beta 
naphthol and the azo derivative of picramic acid gives purple ; either alpha naphthol or the sulpho- 
napthalic acids may be used instead. 

Poirrier, Eosenstiehl and Koussin (1878, No. 4489), convert phthalamine into a sulpho conjugate 
body, which is afterwards nitrated into a diazo derivative ; this is united directly with phenols or 
amines for the production of direct colouring matters. With beta niiplithol, a material is obtained 
which dyes wool a very intense red, as if produced by orchel. 

> Alizarine; OnH^Oj -t- (HO)j. — This substance is found in the dried roots of Bubiacece, and 
forms the principal portion of the colouring matter of the madder plant (see Dye Stuffs). The very 
large consumption of madder in this country made the artificial production of the dye a matter of 
importance, hence England has taken the lead in developing the production of the colour from 
coal-tar. The source of artificial alizarine is anthracene, a product from which many other colours 
are probably destined to be derived. Tlie only firm engaged in the manufacture in tliis country is 
that of Burt, Boulton, and Heywood, Silvertown. The anthracene is first converted into di-brora- 
anthraquinone, di-sulpho-anthraquinonic acid, or di-nitro-anthroquinone (q.v.), which on fusion 
with potash, maintained until the mass assumes a fine violet colour, yields a melt from which the 
colouring matter is dissolved out by water ; this solution, treated with an acid, deposits alizarine as 
a yellow precipitate. 

The fusion with alkali is the most important step in the manufacture. The addition of water, 
the temperature, and the duration of melting, are of great moment. Too much water and too little 
heating will lead to the ’ formation of hydro-products, or only oxyanthraquinone ; too great a heat 
burns the melt, and yields a dirty-green paste, which dyes greyish shades. If heated for too long 
or too short a time, a part of the sulpho-salt is reduced to anthraquinone, which cannot be easily 
separated from the alizarine, on account of the difficulty of filtering the alkaline solutions. The 
purity of the tones depends on the quality of the alizarine ; if a fine or blue alizarine is required, it 
is best to work on the “ silver salt,” which is the mono-sulph-anthraquinonate of soda. To detect 
whether thorough conversion into alizarine has taken place, a sample of the melt is dissolved in 
water, neutralized, and filtered ; the filtrate is shaken up with ether, which dissolves the alizarine 
and isopurpurine, whilst the sulph-anthraquinonic acid is retained by the water, and can be detected 
by the blue colour it gives with potash. An aqueous solution of the melt is heated with caustic 
lime, boiled, and filtered ; if the filtrate is orange, and deposits yellow flocks on the addition of an 
acid, oxyanthraquinone and anthraflavic acid are present. This will not only guide a manufacturer 
in its production, but forms a most useful test for its commercial value. 

One part of dibrom-anthraquinone is heated in an open vessel of enamelled iron or glass to 
180°-200° (356°-392° F.) with 2-3 parts caustic potash, and sufficient water to dissolve the alkali ; 
the heating is continued until the mass acquires a deep-blue colour; when cool, it is dissolved in 
water and filtered ; from the filtrate, alizarine is precipitated by an organic acid ; the yellow flocks 
are collected in a filter, and well washed with water. 

Disulph-anthraquinonic acid is mixed with about twice its weight of caustic potash or soda, and 
heated at 18()°-210'’ (356°-410' F.) till its aqueous solution gives a copious yellow precipitate on 
addition of hydrochloric acid. It is now dissolved in water, acidulated with sulphuric or other 
acid, to precipitate the colouring matter, which is filtered off, and washed with slightly acid water. 
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From the yellow filtrate, colouring matter can be obtained by neutralizing with eoda, and 
leaving it to settle, when it will form a dark-brown powder ; its solution may be precipitated with 
alumina to form pigments or lakes. 

Dinitro-anthraquinone is heated in a concentrated (sp. gr. 1'3 to 1'4) solution caustic soda or 
potash at 170'’— 220° (3S8°-428° F.) until the blueisb- violet colour ceases to become more intense. The 
cooled mass is dissolved in boiling water, and filtered. The hot filtrate is treated with hydrochloric 
acid, which gives, rise to a brownish-yellow precipitate ; this, after it has been well washed, is 
ready for direct d\ eing and printing. 

The residue on the filter consists principally of “ regenerated ” anthraquinone, which, by 
transformation into nitro-anthraquinone, becomes a further source of colouring matter, from which 
pure alizarine can be obtained, by extraction with ether or other suitable solvent. 

Alizarine is sold in the form of a yellowish-brown thick solution, or pasty fluid, containing 
10, 15, or 20 per cent, of colour, and is sent out in wooden casks. Quite recently, methods have 
been discovered by which a product containing 80 per cent, of pure, perfectiy soluble colouring 
matter can he obtained. Dry alizarine could be easily prepared ; but, owing to the difficulty of 
reducing it to a powder or paste again with water, the goods become spotted, and a larger quantity 
is consumed ; it is on this account also, that it contains rarely so much as 20 per cent, dry 
alizarine. It is used for dyeing violets, lilacs, and Turkey reds. The paste dissolves readily in 
caustic soda, yielding a splendid violet-blue solution. 

Pure alizarine can be obtained from this paste, by dissolving in weak caustic soda solution ; on 
adding chloride barium, and boiling, a dense precipitate is formed, which is filtered oflf and well 
washed with water; it is then diffused in water, and decomposed with an acid, when the orano-e 
precipitate, after filtering, washing, and drying, consists of nearly pure alizarine. 

Kopp separates yellow alizarine from alizarine veito by dissolving in hydrocaibon and treating 
with alkali. ° 


Tsopurpurine, Anthrapiirpwine, or Ycllov AOzarmr.— This is obtained from the alizaiine prepared 
by Gessert Bros., by dissolving in ammonia, and adding hydrate baryta; the precipitate is boiled 
in water, and the red liquid is filtered; from this the isopurpuriue is precipitated by an acid, 
filtered oflf, and washed, the process being repeated. If sulphuric acid is used, the isopurpurine 
is taken up with alcohol, from which it can be obtained in crystals. It is an orange-red substance 
with all the properties of alizarine, but it dissolves in soda with more of violet-red coloration • in 
ammonia, it gives a reddish-brown colour. In dyeing, its shades of red are similar to alizarine but 
purer; the purples are more blue; and the blacks, more intense. When used to dye Turkey^ed 
it produces a brilliant scarlet of remarkable permanence. Its alkaline solution gives a spectrum’ 
resembling that of alizarine. 

Perkin obtains it from crude alizarine, by the following process ;— The latter is first dissolved 
in water containing a little carbonate soda; the solution is shaken with recently precipitated 
alumina, which combines with the alizaiine, settles as a lake, and is filtered ofif; the filtered liquid 
is heated with hydrochloric acid, and the colouring mailer thus precipitated is filtered off washed 
and dried. It is further freed from antliratiavic acid, and other impurities, by repeated boi’lin- with 
ak^.ol, digesting with a boding solulion of soda, and washing with the same. It is then dissolved 
in boiling water and precipitated with chloride barium; it is collected on a filter, washed with 
waim water, and decomi»sed by boiling with carbonate soda; from this solution, when filtered 
liydrcciilonc acid precipitates the anthrapurpuriiie. 

Caro (1876, No. 1229) obtains alizarine orange,' by acting on commercial alizarine with nitrous 
acid From this is obtained a material having the properties of purpnrine, by dissolving it in 10 

partsbyweightsulphurioacid(sp.gr.l-848),andheatingtol50°f302°F'i * u 

evolved, when the colouring matter is found in solution On aMt 1 i f w i 

Bmosrapky-G.y^. Gesner, ‘Coal, Petroleum, cl-c.’^ew Yo^t 186 ) " precipitated, 

des Anilins’ (Berlin : 1866) ; M. C. Knab, ‘ Etudes surL GoSns ' (Paris 1 86^°’ 

‘Aniline or Coal-tar Colours’ (Cantor Lectures, Society of Arts - lS6ll^ r- a’ ' ^ 

1 la HouUle’ (Paris; 1872); BolIeyLd ‘Ma^ 


’ Specifications of Patents. 
COCOA, or CACAO. (Fk., Cacao; Geb., Cacao) R-L.N.F., T.T.P.B.W. 

The husks of the fruit-poils of the cocoa-tree c/mfain a , , , 

p.p. .^i, 
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merely broken up after roasting, “cocoa-nibs”; mixed with starch and very finely ground, 
“ soluble cocoa” ; the same made up into a paste, and flavoured, “ chocolate.” (See Beverages — 
Cocoa.) The pulp is commonly used for food and confectionery, and from it have also been 
prepared jellies, spirits, liqueurs, vinegar, &c. The pods also yield an oil, called “ butter of cacao ” 
— (see Oils). The wood is porous and light, but capable of taking a high polish. The tree is 
indigenous to tropical America, originating probably in Mexico : its height is 15-40 ft., seldom 
exceeding 17-18 ft. when under cultivation; its range*of altitude extends to nearly 2000 ft.; 
it grows wild between lat. 17° N. and 17° S., but the cultivation has been extended 8° faither in 
both directions. 

Varu’ties . — Tlje following table will show the principal species of Thedhromi, their habitat, the 
commercial name of their produce, and the material in which the beans ” are packed for 
transport : — 


Botanical Name. 

"Where Grown. 

Commercial Name. 

Packing. 

T. angustifolia. 

Mexico. 


Cotton or hempen sacking. 

T, hicolor. 

Brazil. j 

Maranhan. 

Bahia. 

»♦ 

T. Cacao {sativa). 

New Granada. 
Australia. 

Bourbon. 

! Magdalena. 

Matting. 


Ceylon. 

The name of each 


Cuba. 

Dominica. i 

Guadaloupe. J 

country. 



Guatemala. 

1 Central American. 



Guinea. 

Hayti. 

India. 

Jamaica. 

Java. 

! African. 

Barrels and sacking. 

Sacking. 


Madagascar. 

Martinique. 

The name of each 

Barrels and sacking. 


Mauritius. 

Philippines. 

St. Croix. 

St. Lucia. 

St. Vincent. 
Trinidad. , 

country. 



Venezuela. j 

Maracaibo. 

Caracas. 

Sacking. 

T. glauca. 

T. Guyanensis. 

Cayenne. 

j Berbice. 

Barrels and sacking. 


Surinam, 

Surinam. 

Sacking. 

T. microcarpa. 

( Ecuador. 

I Esmeralda. 

Coarse sacking. 

\ Peru. 

Guayaquil. 

u 

T. omlifolia. 

Mexico. 

1 Soconuzco. 

Hides. 

T. speciosa. 

Br izil. 

Para. 

Sacking. 

T. sylvestris. 

Brazil. 

JamaicKi. 




Besides the above-mentioned species, distinguished by botanists, T. Cacao, which is the most 
widely and largely cultivated, is divided by cocoa-planters into several varieties, the differences 
observed being mainly due to the long-continued influences of varied climates, soils, and modes of 
culture. The best of these is the “ Creole ’ (or Cridlo of the Spanish inhabitants of America). 
The pods are small ; but the beans are thick, short, and almost globular, pale crimson in colour, 
and of slightly bitter, but agreeable, flavour, soft and oily. The beans require about three days 
for fermentation. This much-prized sort is become very scarce, chiefly through the bad policy of 
replacing decayed trees by inferior specimens. The next variety is the Forastero, the best kinds of 
which are the Cundeamar, of two descriptions, one with yellow, the other with red pods ; the former 
is the better, containing large seeds, which, in colour, and the ease with which they are fermented 
resemble the CrioUo. The third variety is the Amelonado ; and the fourth and lowest is the 
Calabacillo, whose seeds are small and very bitter, and of very dark crimson colour ; it has a very 
low market value, but many planters grow it, on account of its heavy yield ; it should be avoided 
on all new estates. All the varieties except the Cridlo, which is probably confined to Venezuela, 
are known collectively as Trinitario or “ Trinidad” ; they are drier and more bitter than the CrioUo. 
The best of the Trinitario sorts are but little inferior to CrioUo in the matter of quality, and are 
superior on the score of fruitfulness. Hence Trinidad forms the principal nursery whence plants 
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or seeds are procured for the establishment of new plantations. The various descriptions of cocoa 
may be placed in about the following order of merit : — Soconuzco (Mexico), and Esmeralda 
(Ecuador), all consumed at home; Caracas and Puerto C'abello (Venezuela): Triuitario; 
Magdalena and Carthagena (Kew Granada) ; Para ; Bahia. 

Production and Consumption. — A rough idea of the sources whence the principal supplies of cocoa 
are drawn may be gained from the following figures, which do not, however, refer to the same year 
in all cases, and are not, therefore, Strictly comparative ; Ecuador, 28,000,000 lb. ; Trinidad, 
11,000,000; Brazil, 7,000,000; Venezuela, 7,000,000; Grenada, 2,000,000; Mexico, 2,000,000; 
Martinique, 700,000; St. Vincent and Hayti, 550,000; Celebes, 250,000; St. Lucia, 250,000; 
Guadaloupe, 200,000; Dominica, 200,000; Cayenne, 65,000; Jamaica, 50,000. In 1878, the 
imports of cocoa into the United Kingdom amounted to more than 18,000,000 lb., valued at 
687,285i. ; more than half was entered for home consumption ; over 10,000,000 lb. were contributed 
by the British West Indies. 

Cultivation. — The climatic conditions of some countries necessitate certain modifications in the 
method of cultivation, which will be categorically alluded to presently ; the main points, however, 
in the culture of cocoa remain the same, and may be described once for all. 

Planting. — The first care is to form a nursery for the young plants. This should be a choice 
patch of moist land, well cleared of weeds. The cocoa-seeds are carefully extracted from fine fully- 
ripe pods, and are sown 1 ft. apart, in furrows 2 in. deep, and are lightly covered with earth. 
Plantain-leaves are then spread over the ground, and left for about a fortnight, by which time the 
cocoa-plants should make their appearance. The ground is thoroughly weeded till the plants 
attain a height of 12-18 in , when they are taken up very carefully, and transplanted to the cocoa 
estate. The soil chosen for this purpose must be rich and flat, and convenient for irrigation. 
The trees thrive best on gentle slopes, facing away from prevailing cold winds. When tlie land 
has been cleared and burned, it is planted at intervals of 25-40 ft. with seeds or suckers of varieties 
of the coral-bean tree {Erytkrina Corallockndron), called “ shade,” or “ madre di cacao ” ; these grow to 
a great height, and afford the permanent shade required by the cocoa. This done, the young 
cocoa-trees are planted in regular lines, at about 12-30 ft. apart, the distance depending upon soil, 
climate, and the character of the species under cultivation. As the coral-bean trees do not imme- 
diately afford the necessary shade, coffee, plantains, and manioc are planted among the cocoa-trees 
for this purpose, until the coral-bean trees are sufSciently advanced, when the plantains and 
manioc are dispensed with, and the coffee only is left. In the second year, the cocoa-trees begin 
to put forth flowers, which are removed; at the third year, they require air, and no other crop 
must remain with them. 

Pruning and Weeding. — One of the most important details of the cultivation is the proper 
pruning of the trees, so as to induce a trichotomous giowth— a straight, single stem, crowned by a 
well-formed head. The estate needs weeding at least twice a year, the weeds being chopped off 
with a cutlass, as hoeing is not required. 

Diseases and Enemies. — The tree is sometimes attacked by a disease called mnneha, which first 
destroys the roots, and quickly causes death ; it spreads so rapidly on an estate that thousands of 
trees are thus destroyed in a single night. The plant is also subject to several insect pests : ants 
prey upon the young leaves, boring grubs injure the bark, and the larvm of moths devour the 
matured beans. Wind is a great foe : whole plantations have been destroyed by one storm. 

Harvesting. — The cocoa harvest takes place principally in June and December, the crops being 
known respectively as “ St. John’s,” and “ Christmas.” In the tropics, however, the fruit 
continues to ripen throughout the year, on which account the trees are visited every fortnight, to 
gather any matured pods, and to prune where necessary. The pods are carefully selected, and are 
detached by a knife mounted on a pole; the stem must be cut clean through, without injuring the 
branch whence it springs. Women and children gather them into heaps, and convey them away 
for preparation. 

Production. — Unless under exceptional circumstances, there should not be more than 900 trees to 
an acre. The average annual produce is estimated at 4-6 lb. from each mature plant ; instances 
are recorded of an average of 11 lb. a tree in one season, and 15 to 18 and even 20 lb. from 
individual trees. The fruit is allowed to ripen at the 4th or 5th year ; but the crop is not plentiful 
until the 7th-10th year, after which the trees continue prolific for 15-40 years. The cultivation is 
considered profitable for large capitalists, or gardeners, as the plant requires less outlay and 
trouble, and yields a larger return, than perhaps any other tropical crop ; nevertheless, the risks 
from storms and the attacks of insects render it very uncertain. 

Preparation. — The gathered pods, resembling gherkins in size and shape, and varying in colour 
from purple to lemon, are submitted to a process of “ curing,” which requires much experience and 
delicate skill, as upon it depends the preservation of the cocoa, and the development of its flavour. 
The essential objects of the curing are (1) fermentation, to reduce the glutinous, saccharine pulp 
surrounding the seeds, thereby giving tone to their colour, and modifying their flavour ; and (2) 
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drying the fermented “ beans,” to ensure their keeping. The process admits of several modifica- 
tions, dependent upon the market for which the product is destined. The seeds are first carefully 
extracted from the pods, and placed to ferment. If for Europe, they are fermented in barrels, 
troughs, or heaps, covered by plantain leaves or by sacks, within the “ sweat-house,” a closed chamber, 
exposed to the sun, and raised on walls about 6 ft. above the ground. The sweating is best 
performed in deal boxes, 3 ft. long, 2 ft. wide, and 3 ft. deep, provided with covers, and holding 
about 500 lb. raw beans ; the sides are perforated near the bottom, to admit of the cocoa 
draining. Here the seeds remain for 3-10 days, at a temperature of about 60° (140° F.), losing 
much water, and their bitter and astringent principle, becoming ligliter, acquiring a mild, agree- 
able flavour and a fine cinnamon hue, and admitting of their easy separation from the husk by a 
slight pressure. The liquor which drains out in the process is often thrown away, but may be 
utilized for the making of vinegar and spirits. They are then transferred to the “ drying house,” 
a wooden shed, provided with a movable roof, and thoroughly ventilated. Here they are spread 
evenly on mats, or on a platform, after having been rubbed with a little red earth. Excessive 
heat is avoided, and tlie beans are constantly stirred about, one attendant sufficing for a house 
50-60 ft. long by 18 ft. wide. The beans remain here until perfectly dry, and should show no trace 
of mildew. They are then placed in bags. Efibrts should be made towards effecting the drying 
under a glazed roof, with abundant ventilation, thus saving labour, preventing pilferage, and 
improving the colour of the product. 

Another mode of fermenting the beans is known as “ claying.” They are placed in holes or 
trenches in the ground, covered with clay or sand, and stirred at intervals, while great care is taken 
to prevent the fermentation proceeding too rapidly. When it has reached its proper point, the beans 
are dried as described. 

The fermentation process is apparently indispensable to the production of fine cocoa ; but it is 
attended with some risk in wet weather, when the beans are liable to blister. According to some 
authorities, the chief object in claying the beans is to preserve them ; but it seems to originate in 
the demands of fashion rather than in any real utility. The essential characteristics of good cocoa 
beans are— clear, reddish-brown colour internally ; dry crispness, allowing the easy separation of 
the “ nibs,” or plates, from the kernel ; the nibs of a dull-purplish hue externally, with a glaucous 
purple-brown fracture, dissolving readily when chewed, and manifesting a slightly warm, 
astringent, full chocolate flavour. 

Cost of Production. — The amount of labour required for the cultivation and preparation of any 
specific quantity of cocoa may be estimated from the basis that, on the average, 15-20 labourers 
suffice for each 30,000-40,000 trees, entailing an annual expenditure of about 200/.-2401. 

Local Variations and Details. — Those chiefly worthy of notice are the following; — 

Africa . — Some very fine cocoa has been sent from Monrovia, in Guinea, and fetched the highest 
price of any in the market. 

Bolivia . — The cocoa growing on the banks of the Mamore is equal, if not superior, to Maravilla 
or Caracas, and may be exported in large quantities when the railway is sufficiently extended. At 
present, every trader to Para takes a full load of cocoa in hide seroons, and finds a ready sale for 
the article, as it is so much better than that grown in Brazil. 

Bourbon.— In this island, there are about fifty acres under cocoa cultivation. The product is of 
good quality, being of the Caracas description ; it used to be grown in connection with coffee. 

Brasil . — The plant is indigenous to the districts of Valencia, Camanu, and Hheos, in the province 
of Para, and is very abundant in the neighbourhood of- the Amazon, Madeira, and Salimoes rivers. 
Throughout large tracts the plant grows wild ; but its culture is steadily increasing. Near the 
Layes rapids, on the Madeira river, wild cocoa trees are exceptionally abundant, and produce fruit 
of very superior quality. It would need very little labour to organize an excellent plantation here. 
The chief supplies come from Para ; the cultivation is being extended also southwards to Bahia, and 
even to Eio Janeiro. The exports fluctuate greatly ; this is to be attributed chiefly to floods prevent- 
ing the harvest. The cultivation in this country is marked by great carelessness ; no nurseries are 
formed for the young plants, and the only shade provided appears to be that of bananas and 
plantains ; the ripe pods are knocked off the trees, and piled in heaps on the ground for fermenting; 
after 3-4 days, the pods are opened, and the extracted beans are spread to dry on the ground, or on 
mats. The dual harvests take place in December- January and May-June, the latter being the 
more abundant. The climate seems to be peculiarly suited to the tree, for in spite of severe floods, 
and careless culture, or no culture at all, it flourishes exceedingly, and continues prolific for 50-60 
years. 

Caymne.—Tlhe extent of land under cocoa in C.iyenne does not exceed about 650 acres, the 
exports, in 1874, being less than 600 cwt. The product is dried in tlie sun, or by currents of air, 
and has a softness of character which renders it valuable to mix with the drier, aromatic, Caracas 
growth, for purposes of chocolate manufacture. 

Ceylon . — The culture in Ceylon has not hitherto been extended to such a degree as could be 
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wished. Samples that have reached English markets have been reported as of very fair quality, 
well-cured, and thin-skinned, and by no means common ; but, at the same time, not of the richest 
character, and not so carefully grown as they might be. Plant.itions, formeil in parts of the island 
too hot for successful coffee-growing, have come on well, and importers are anticipating the 
development of this new source of supply, wliich will make them less dependent upon the Trans- 
Atlantic crops. The seeds were chosen from the best varieties grown in Trinidad, and, in 1874, 
more than 40,000 seeds and plants were distributed fiom the Botanic Gardens at Peradeiiiya. There 
will before long be a very large area of land under cocoa, in the warmer parts of the island. 

Costa PiOT.— The exports from San Jose' in 1878, were 5830 lb. 

Ecuador. — This state yields the greatest quantity of cocoa. The kind chiefly grown is Guayaquil, 
an inferior variety, costing only half as much as Caracas, and very largely consumed in Germany. 
A second variety, Esmeralda, is considered sppeiior to Caracas, but it is confined to home 
consumption. Cocoa is the staple of the country ; but the crop of 1878 was the smallest on record, 
on account of continued rains. The exports from Guayaquil for 6 years, stated in quintals of 
220 lb., were, in 1873, 251,812; 1874, 250,216; 1875, 176,207; 1876, 224,739; 1877, 203,131; 
1878, 98,765. The value in 1877 was 45s. a quintal; in 1878, 65s. The 1878 export was thus 
distributed: — Continental Europe, 59,000 quintals; England, 20,714; United States, 7761; 
Central America and West Indies, 7000; Soutli Ameiica, &c., 4200. 

Guatemala. — The cocoa export of 1878 was only 2300 lb. ; valued at 1 dol. a lb., and all sent to 
Central America. 

Homluras. — The Socouunco variety, which, during the Spanish occupation of Mexico, was 
reserved for the Court of Madrid, is said to grow wild here, with fruit measuring 2-2J in. thick, and 
6 in. long. When cultivated, the dimensions increase to 3-3i in. x 8 in., and the trees bear in 
6-7 years. 

India. — The Indian Government has raised large numbers of seedlings, in Botanical Gardens, 
for distribution throughout the peninsula. The plants have been put out in the IJ^eilgberry Hills, 
and in the Terai, and have been found to grow well while looked after. The tree has been very 
successfully reared in Coorg ; the plants aie grown from seed in nurseries, and transplanted, when 
18 in. higli, into laige pits, 12 ft. apart. 

Malay Archipelayo. — The cocoa tiee was intioduced here by the Spaniards, more than three 
centuries ago. In 1854, Celebes produced nearly 200,000 lb., which figure has since increased. 
The yield averages 5-6 lb. a tree. Small quantities of Java cocoa have occasionally appeared at 
London sales, and elicited similar opinions to those expressed on Ceylon produce. In the Philip- 
pines, cocoa is commonly grown for local consumption. The trees, which here attain but very 
dwarfed stature, are commonly found in the gardens, planted very closely, in order to keep down 
weeds. Instead of a nursery for rearing the young plants, the natives cover the kernels, when they 
begin to sprout, with a little earth, and place them in spirally rolled leaves, which are hung 
beneath the roofs of dwellings till the plants are ready for putting out. The best cocoa is produced 
in the small island of Maripipi, and never comes to market ; the next best is the Albay growth, 
which is reckoned equal to Caracas; the samples produced in Cebu and Negros are fairly good, 
but in trifling quantity ; so that these islands have to import from their neighbours, Temate and 
Mindanao. It thrives as well in the Spice Islands as in Mexico, and is supplanting the less 
profitable clove-tree. 

Hicarayua. — Several important plantations have recently been commenced here by Erenchmeu. 

Peru, — Besides being cultivated in ail the gardens of the Montana, cocoa grows spontaneously 
and abundantly in the forests of that province. The exports from Mollendo, the chief port, in 1878, 
were but 1500 lb. 

Surinam.— The cultivation here has been consideiably extended of late years, the estates being 
worked hitherto mostly by Creole labourers ; but these have proved so unreliable, that coolies have 
been substituted. The severe drought of 1877 injured the plantations in an extraoidinary degree. 
The production was, in 1875, 1,322,811 kilos.; 1876, 1,322,674 kilos. 

^Venezuela, — The cocoas of V euezuela, known as Caracas, and Maracaibo, are considered the best 
of all produced in the western hemispbeie, and though the btan was first imported to Spain from 
Mexico, it has subsequently been largely exported to the latter couutry &om Venezuela. In this 
country, the tree is said to thrive best in damp, level soil, and bears about 1 lb. of fruit at the fifth 
or sixth year ; near the sea-coast, it is in full bearing at the eighth year, but in the Guique districts 
on the Lake of Valencia, and in the province of Carabobo, it is not matured till a year later. 
Experienced planters state, however, that it should cover all expenses from its sixth year. The 
quality of the Venezuelan cocoa has been greatly spoilt by the introduction of the much more 
prolific but very inferior Trinitario, or “ Trinidad,” beans. The latter is now the staple product 
from the district of Giiiria, Maturin, Carupano, and down the coast as far as the Rio Chico ; but the 
Criollo, or “ Creole,” plant is still cultivated upon some few estates. The Trinitario seed is also 
sown, to some extent, in the valleys of the Tuy, although the majoi ity of the estates there are 
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sown with Cndlo seed, and good cocoa can still be procured thence. From the port of La Guayra 
westward towards Puerto Cabello, and particularly at Ghoroni, O’Cumar, Turiamo, Patanemo and 
Borbnrato, lie the districts yielding the best produce, the choicest of all being from the estate of 
Chuao near Ghoroni. From the neighbourhood of San Felipe, the capital of the state of Yaracuy, 
a very superior mixed cocoa is exported, to the amount of about 4000-6000 cwt. annually. The 
Trinidad seed has, since 1854, been introduced into Chichiriviehe, formerly one of the finest cocoa 
districts. Many plantations were damaged, and some entirely destroyed, by the great drought of 
1868-69. 

On some of the Caracas estates, where Trinidad cocoa has been introduced, the produce has 
fallen into great disrepute, and some of the planters import the red soil of Ghoroni with which to 
colour the beans. The finest Venezuelan cocoas sent to Europe are the Puerto Cabello and the 
Caracas varieties ; the latter, which is the dearest and best, is of four kinds, Chuao, Ghoroni, 
O’Cumar, and Bio Chico. In the matter of cocoa production, one of its richest and most valuable 
crops, Venezuela seems to be now scarcely as advanced as it was a century ago ; not only has the 
quality of the product deteriorated, by reason of the substitution of Trinidad for native seed, but 
the quantity has also fallen off. 

The best brands now exported are absorbed by Spain and France. They are grown almost 
solely in the coast districts, and hence are called Cacao de la costa ; the beans are full-coloured, and 
larger, richer, and more oily than other sorts. The so-caUed “ mixed cocoa ” (Cacao mezelado) is 
the produce of estates where the native and Trinidad seeds have been sown mdiscrimiuately ; it is 
much inferior to the preceding, though the foreign trees have greatly improved in the more 
favormable soil ; the produce goes chiefly to England and Germany. A third quality is the fruit 
of the Trinidad tree alone. The relative prices of the qualities on the spot is approximately 71.-81., 
41.-51., and 21. 8s.-31. 12s. a cwt. The flavour of cocoa depends principally upon the soil ; the finest 
Venezuelan cocoa aU comes from one estate, and though the seed has been tried within a mile of the 
spot, no such quality can be produced. It is never exported, as it fetches twice as high a price in 
the country as it does in Europe. 

There is no doubt that the soil and climate of Venezuela are eminently fitted for this branch 
of agriculture. The land lies low, being subject to inundation, and retaining its moisture in the 
height of summer. The climate is hot, but at the same time very humid. The trouble and 
expense of irrigation are thus avoided, without any detriment to the crop. The ground is prepared 
in the months of January-Maroh, before the commencement of the winter rains in April-May, 
when the bananas and the “shade” plants, loarlly termed bucare — (Ecythrina uiiibnsa, and E. 
celutina), are planted. When laying out good virgin soil with “ creole ” plants, it is usual to place 
one at each angle of a space 12J ft. square. In poorer land, this distance is reduced — a proceeding 
based entirely on false economical grounds. An important operation in this climate is the provision 
of trenches between the rows, in order to carry off the excess of water during heavy rains, as nothing 
is so injurious to the health of the tree as stagnant water. This draining forms one of the chief 
items in the cost of the cultivation. Between the appearance and the ripening of the fruit, there is 
an interval of nine months. The average yield is l-IJ lb. from each tree. The life of the tree is 
reckoned at 35^0 years on good soil, 20-25 only on poorer land. 

The pods vary in size and shape. The so-called “ cows’-tongues,” 9 in. or more long, are 
preferred, because the husk is thinner and the pod contains more beans ; more commonly the pods 
are shorter and rounder, but larger, and are called “ angolit js.” In dry weather, a single night 
will suffice for the fermentation ; but in wet weather, the beans may be left for two or three days 
without inconvenience. They are then dried in the open air, exposed to the sun, in a courtyard 
or on drying frames ; 8-10 hours of sun is generally enough ; they are housed at noon when the 
sun is at the hottest ; and are left in the store for a day or two to complete the drying. Some 
growers dry the beans on large sheets, which can be readily housed in case of rain. 

The above remarks refer especially to the “creole” plants, which were formerly so much 
grown, and whose produce was so highly esteemed. This is now largely replaced by the Trinidad 
variety, whose violet-tinted, sharp and bitter-flavoured beans are made to assume the colour, odour 
and flavour of the “ creole ” cocoa, by prolonging the fermentation to four days or more, and by the 
application of red earth, brick-dust, and vermilion. 

West Indies.— Ihe best months for pruning, in the West Indies, are March-April ; but large 
branches may be trimmed in August-September, should there be no young fruit to sacrifice. The 
tree does not thrive where exposed to easterly and northerly winds. 

Dominica.— The cultivation here, though established some thirty years, is still but little 
developed. The trees have been crowded together at intervals of only 2-4 ft., with the effect of 
choking each other for lack of room ; and pruning seems to have been systematically ne<rlected. 
No attempt has been made to provide shade, as in Trinidad and Venezuela, but the cocoa has been 
rather planted to afford shade to coffee. Shade and shelter would doubtless be needed by the more 
delicate Trinidad varieties in sunny spots. Care is not taken in the fermentation and claying of 
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the beans. The produce is shipped to Barbadoes and Martinique, partly for local consumption, 
and partly for re-shipment to England, France, and America. An export duty of 13Jd. a cwt. is 
charged. 

Grenada. — There' are at least 4000 acres tinder cocoa in this island. The export duty is 6d. 
a cwt. 

Guadaloupe. — After much neglect, attention is again being directed to the cultivation here, the 
plantations being formed with trees imported direct from Venezuela. 

Jamaica. — Two centuries'sinee, the produce, in exceptional years, was reckoned at 20 lb. a tree, 
and averaged 8 lb. a tree, at 18 ft. apart, in fairly good soil. The import duty, then placed on cocoa 
by the British Government, crushed the industry ; under the present more favourable conditions, 
however, efforts are being made to resuscitate it. 

Martinique. — Owing to the disastrous failure of the crop many years since, cocoa cultivation was 
long discontinued here ; lately, however, it has been resumed and extended, and the produce is of 
good quality. 

St. Domingo. — The exports were, in 1878, to France, 17,200 lb. ; West Indies, 6000 ; Italy, 
4800 : United States, 1600. 

St. Lucia. — This island has about 450 acres under cocoa ; the exports are almost stationary. 

St. Vincent. — The export duty here is Sd. a cwt. 

Trinidad. — Cocoa is the second great staple of production. The high cultivation bestowed upon 
the native seed has greatly Improved it, so that in some districts it is almost to be compared with the 
‘‘ creole ” of Venezuela. A recent writer from the island says the trees yield 15 lb., and in very good 
years, 18 lb., clean, dry cocoa at a crop ; but the average yield of the best estates is about 2 lb. a 
tree per annum, which, at 12 ft. apart, gives 600 lb. an acre. The average of the whole island is 
500 lb. an acre. The best qualities fetch 61.-7/. a cwt. ; the inferior, about half as much. The 
export duty is llfd. a cwt. The shipments for the last four years have been as follows : — 1876, 
8,706,500 1b.; 1877,8,103,779; 1878,9,392,324; 1879, 11,791,032. 

General Consideratims. — The points essential to success in cocoa cultivation are ; — 1, Judicious 
selection of seeds ; 2, Careful attention to pruning and draining ; 3, Plucking the pods at the right 
stage ; 4, Nicely regulating the fermentation ; 5, Subjecting the beans to complete desiccation ; this 
is, perhaps, the most important consideration of all ; they should rattle distinctly on being dis- 
turbed ; 6, Hand picking the dried beans, so as to eliminate leaves, stems, and other rubbish, which 
greatly lower the value of the sample ; 7, packiug while tiioroughly dry, in double sacks, or sound 
barrels (not hogsheads). Steamer transport is adopted wherever available, the advanced cost being 
more than compensated for by the higher price realized, by reason of the superior condition 
attained under shortened transit 

The consumption of cocoa is constantly increasing, especially in Latin Europe, and there is no 
reason to fear over-production for many years to come. In the autumn of 1878, the prices of 
cocoa advanced 25-75 per cent, according to quality, owing to the failure of the Ecuador crop. 
The duties on cocoa importations into the United Kingdom are as follows ;— Cocoa, Id. a lb. ; 
husks and shells, 2s. a cwt. ; paste or chocolate, 2d. a lb. The price of cocoa now varies between 
71s. and 108s. a cwt., according to quality. 

The following shows the relative prices (in shillings per cwt.) of the principal brands brought 
into the home market in 1878 and 1879 :—2Vmiddd— sup., 120-5, 91-108; mid. to fine red, 116-9, 
81-90; grey and mixed red, 114-5, 75-80. G/cnada— 110-4, 78-86. Dominica and St. Lucia— 
110-2, 72-8. Surinam— UG-9, 80-90. Caracas— 116-123, 85-105. i'ara— 115-20. Bahia— 115-20. 
Guayaquil — 112-130, 71-90. The Guayaquil and Caracas varieties find the readiest market on the 
Continent, where they are used chiefly for chocolate manufacture ; the Colonial descriptions — 
Trimdad, Grenada, Domimca, &c. take the lead in the home market ; Bahia, Surinam, &c., are 
pretty equally distributed. The consumption in this country is now calculated at about 0-3 lb. per 
head of population. The total imports were, in 1874, about 18 million lb. ; 1875, 16 milHon ; 1876, 
20J million; 1877, 17 million; 1878, 18 million. The imports in 1878 were contributed as 
follows British West Indies, 10,434,608 1b.; Brazil, 2,518,703; Ecuador, 1,655,867; San 
Domingo, 792,602; France, 743,659; Holland, 563,558; Germany, 288,705; British Guiana, 
276,533; West Coast Africa (foreign), 185,197; Venezuela, 149,845; Surinam, 106,256; United 
States, 35,903; other countries, 270,190. 

Guarana. A substance which, though not a cocoa, yet bears in many respects a close resem- 
blance to that product, is guarana, a so-called ‘‘ bread,” yielded by the Paullinia sorbilis^ a plant of 
the order Sapindacece. It is a native of Brazil, and grows abundantly in the province of Amazonas, 
along the banks of the rivers Tapagos, Eio Negro, &o., as well as in Guiana and Venezuela. The 
genus, indeed, is a large one, and it is probable that the seeds of P. Cupana of the Orinoco, as well 
as those of many of other species, may ^ used for alimentary purposes. Guarana is manufactured 
by the Muras, Mondrucas, and other tribes of Indians, and is much esteemed, both as a food and as 
a medicine, throughout Guatemala, Costa Eica, BrazU, and other parts of South America. 
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The preparation ia conducted in the following manner : — The fruit, which ia scarcely as large 
aa a walnut, is gathered when ripe, and roasted intact. Its seeds, numbering about half a dozen, 
are then taken out, and, after being' pounded between stones or mallets, are fcrmed into a thick 
paste with water, and moulded into cakes and rolls of various forms. These are dried in the sun, 
or by the fire, by which they become extremely solid and diflScult of fracture, and will keep good 
for any length of time. For use, the rolls are grated to powder, which is very like cocoa in 
appearance, or they are ground in water, and sweetened ; the beverage thus produced is analogous 
in its effects to tea and coffee. 

The city of Santarem annually exports about 16,000 lb. of guarana, valued at 8d. or Sd. a lb. 
at the port, but selling for very much less in the neighbourhood of its production. It figures 
among the non-oflScinal substances of the United States Dispensatory. In Europe, it is but little 
known as yet; it is included in the French Pharmaceutical Codex, and its alleged medicinal 
virtues have occasionally found buyers at as much as II. an oz. 

Bibliography . — A. Mangin, ‘ Cacao et Chocolat’ (Paris : 1860); N. Forest, ‘ Du Cacao’ (Paris : 
1864); P. H. F. B. d’Orli, ‘Cacaoyer et Chocolat’ (Paris: 1867); A. Gosselin, ‘Manuel des 
Chocolatiers ’ (Paris : 1869) ; J. B. A. Chevalier, ‘ Chocolat ’ (Paris : 1871); A. Eiant, ‘ Chocolat ’ 
(Paris : 1875) ; P. L. Simmonds, ‘ Tropical Agriculture ’ (London : 1877) ; T. Christy, ‘ New Com- 
mercial Plants’ (London: 1878); J. A. Mann, ‘Cocoa’ (Jour. Soc. Arts. vol. viii.); J. Holm, 

‘ Cocoa ’ (Jour. Soc. Arts. vol. xxii.). 

(See Beverages — Cocoa ; Oils.) 

COFFEE. (Fb., Cafe-, Geh., Eaffee.) 

Coffee ia the firuit of a series of plants belonging to the family Bvhiacece. The genus, known as 
Coffea, is divided by botanists into some sixty species, of which about twenty-two are referred to 
America, fifteen to Africa, and seven to Asia. There is abundant reason for supposing, however, that 
the majority of these so-called species are mere varieties, due to different conditions of soil, climate, 
and cultivation. For all practical purposes, it will be sufficient to distinguish two species only, Coffea 
Arabka, and C. Liberica (Liberiana). The former is the well-known coffee-shrub. It attains a height 
of 15 to 20 ft., and its foliage resembles that of the Portugal laurel ; the small, white blossom is not 
uiilike that of the jessamine in form and scent; the berries are at first dark-green, changing, as they 
mature, to yellow, red, and finally, deep crimson. Beneath the skin of the ripe berry, or “ cherry,” 
as it is called, is a mucilaguions, saccharine, glutinous “pulp,” closely enveloping the “beans,” 
usually a pair of oval, plano-convex seeds, though sometimes there is but one seed, called, from its 
shape, ‘‘peaherry”; these beans are coated with a cartilaginous membrane, known as “parchment,” 
and beneath this by a very delicate, semi-transparent, closely adhering jacket, termed the “ silver- 
skin.” The range of this species is at elevations of 1000 to 4000 ft., between latitudes 15° N. and 
15° S., and its .cultivation may be extended to 36° N. and 30° S., in localities where the tempera- 
ture does not fall below 13° (55° F.). Perhaps the most favourable climate would be a temperature 
ranging from 15° to 27° (60° to 80° F.) in the shade; and as to humidity, there should be no month 
in the year entirely devoid of rain, the total of which may be 100 to 150 in. per annum — absence of 
extremes of temperature, with a constant supply of moisture. The shrub is cultivated chiefly in 
Brazil, Java, Ceylon, India, the Central American Eepublics, West Indies, Arabia, Natal, and 
recently in Australasia. It furnishes almost the whole of the coffee of commerce. Increasing atten- 
tion is, however, being devoted to C. Liberica, This species is a native of Liberia, and is distin- 
guished finm the ordinary shrub by much more vigorous growth, by affecting flat and coast lands 
as well as hill-sides, by attaining greater size and age, and by withstanding greater extremes of 
climate. It possesses additional advantages in that it is capable of improvement by cultivation, 
and, though as liable to disease as C. Arabica, seems to be affected in a minor degree. On the 
other hand, the produce is much coarser flavoured than ordinary coffee, though that is no drawback 
to its being used for admixture with better sorts, producing a cheap, yet genuine, beverage for the 
million. From experiments tried in Ceylon, great benefits are anticipated from grafting the fine- 
flavoured C. Arabica on stocks of the hardy C. Liberica. 

CuLTTVATioir. — The following remarks refer to the commonly cultivated varieties of C. Arabica. 
The main principles are subject to but slight modifications, which will be noticed presently under 
the head of each coffee-growing country. Full details concerning C, Liberica will be found under 
Liberia. 

Nurseries. — For this purpose, should be selected a patch of gently sloping virgin soil, warm and 
dry, but close to water, soft, and not richer than that to which the plants will be subsequently 
transferred. The seed-beds may be somewhat shaded, but not so as to entirely exclude the sun, 
nor so that the shading tree gathers rain and sends it in streams upon the bed. The seed-bed is 
cleared of all but the largest stumps, thoroughly dug to a depth of 9 to 12 in., and made very 
friable. The beds are slightly raised to promote drainage, and are divided by paths into narrow 
strips. A deep trench is cut above the bed, in an oblique direction, to prevent damage by rain and 
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wash. The seeds are sown in rows 6 to 9 in. apart, and about 2 in. deep. The seeds are strewn 
about 1 in. apart, lightly covered with mould, and shaded ; a cheap and efficient shading may be 
secured by laying benches across a light framework as shown in Fig. 495. Watering must be done 
in the morning, or towards sunset. A bushel of seed should give 20,000 to 30,000 plants ; the best 
is “ parchment ” coffee, picked when fully ripe, pulped by hand, unfermented, unwashed, and dried 
in the shade. The nurseries proper are prepared in much the same way, but not shaded. When 
the plants have two to four leaves (exclusive of the seed-leaves), 
they are carefully loosened, and transplanted, in damp, cloudy 
weather, from the seed-beds to the nurseries, and placed 9 to 
12 in. apart. Care must be taken not to double up the tap-root, 
and not to leave a space for water to accumulate and rot the 
roots. If the tap-root is very long, it is best shortened by an 
oblique cut, and soon shoots again. When transplanting from 
seed-beds to nurseries is not practised, the plants are left in the 
seed-bed until larger ; but Stainbank and others strongly recom- 
mend the former plan, as, by checking the growth, the young 
wood becomes hardened, and better able, when finally planted 
out, to resist insects and unfavourable weather. A practical suggestion for preventing young 
seedlings being eaten off at the surface of the ground by grubs, is to lightly wrap round a 
piece of paper about 3 in. broad, where the stem joins the root, on planting. The risk of having 
young seedlings burnt up just after planting is guarded against by various simple measures for 
shading them. In about a year, the plants are ready for transfer to the permanent estate, which 
is meantime being prepared for their reception. 

Selection of Estate. — The points which determine the value of a plot for coffee culture are : — 
1. Elevation ; 2. Aspect ; 3. Shelter from wind ; 4. Shelter from wash ; 5. Temperature ; G. Rain- 
fall ; 7. Proximity to a river ; 8. Character and richness of soil. Most of these are necessarily 
subject to variation according to locality. Shelter from wind is perhaps of paramount importance, 
and should not be sacrificed for richer soil, as the latter can be artificially obtained much quicker 
than the former. In wooded country, the estate may be laid out in blocks of 50 acres, encircled 
by natural belts of forest. Flat land must be avoided ; a wet soil is fatal to coffee, and flat lands 
would entail great expenditure for drainage. Steep slopes, on the other hand, are objectionable, 
on account of the wash occasioned by rains carrying away soil and manure, and exposing the roots 
of the shrubs. The surface soil must be fairly good ; the subsoil may be poor, but must never be 
stiff clay ; the shrub is essentially a lateral feeder. As a general rule, virgin forest laud has been 
found most suitable to break up for coffee estates; it has become naturally enriched by decayed 
vegetable matters, and the burning to which it is subjected frees it from insects and from weeds. 
Exceptional patches of laud that has once been under cultivation and then allowed to run wild 
have formed good properties ; but the soil is rarely rich, is generally exposed, and always entails 
great trouble and expense to keep down the weeds. A temperate climate within the tropics is to 
be preferred on all scores ; a certain degree of warmth and humidity combined is essential. An 
atmosphere resembling that of an English hot-house produces the finest crops, perhaps ; but it is 
inimical to the planter, and favourable to weeds. The most suitable climate is precisely that 
which Europeans prefer. Frost, even though it be only at night, and for a short period, is fatal. 
The presence of water, preferably a perennial stream, is essential for watering the young plants, 
and for the “ pulping ” process. 

Clearing and Baramy.— When forest land is taken into cultivation, the first stop is to effectually 
clear it of tunber and underwood. The latter is first cut, by means of the “ cattie,^* shown in 
Fig. 496 ; the large trees are then felled on the top, and their branches are lopped off, so as to 
compact the pile, otherwise the bum will be only partial. A fine day 
after the night’s dew has evaporated, is chosen for putting fire to the 
prostrate mass. The advantages of a thorough burn are, that sub- 
sequent operations are greatly facilitated, and that weeds and insects 
are destroyed ; the disadvantage is that the upper soil is burnt, and 
Tendered unfit for filling into the holes. This injury might to a great 
extent, be obviated by ‘ lining and “ pitting ’’ the land beforehand. By this means, the sur- 
face soil would be mostly covered over with the earth taken out of the pits, and thrrs protected 
from the fire. On the other hand, of course, the lines could not be marked out with accuracy 
or regularity, and the estate would subsequently suffer to some extent in appearance, though 
it is a question how far this drawback is worth considering, in comparison with the advan- 
tage gained. When there is not sufficient timber to make a good burn, the bush is felled, and 
burnt in heaps, after which the ground is carefully gone over for the purpose of rooting up the 
tree-stumps which remain. These are sometimes so difficult to eradicate that they are left to decay, 
care being taken to knock off shoots as fast as they appear. It is, however, a bad plan, and one 
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seldom followed, as the rotting stumps harbour vermin of all kinds. After burning, the wood 
ashes should be scattered evenly over the ground as a manure. 

Lining. — Soon after the bum, the estate is “ lined out ” for the reception of the plants. The 
two following methods are in vogue ; — (1) A base line is laid down, as nearly as possible straight 
up and down the slope ; a cross line is set otf exactly at right angles ; on this line, stakes are 
driven into the ground at the distances determined upon for the position of the plants: to each 
stake, a rope is fixed, and stretched parallel with the base line and as straight as possible ; small 
stakes are provided along these lines ; a rope is finally held across them at succeeding stages of 
equal width, as guided by measuring poles, and the small stakes are put in where the movable rope 
crosses the fixed ones, each stake indicating the site for a plant. (2) A rope is furnished with bits 
of scarlet rag at the distances fixed upon between the plants ; it is stretched across the plot, and 
stakes are inserted at each rag ; the rope is then moved forward a stage at a time, ganged by 
measuring rods. The first plan is the better, especially in broken ground, but is more laborious ; 
the second is available on even grass land, but the stretch of the rope must be estimated and allowed 
for. The great object sought is to have the lines perfectly regular ; and instead of making any 
deviation where stumps or other obstacles occur, the rope is laid over them, and the corresponding 
plant is omitted. Yet another method of holing is that known as “ quincunxing,” i. e. placing the 
plants so that .alternate lines are opposite ; it was recommended by Laborie, but is open to several 
objections, and is quite out of favour. 

Distances of the Plants. — Scarcely any two planters are agreed as to the best distance to allow 
between the plants. The question is governed in some measure by the richness of the soil and by 
the climate. The object in view is that, with the greatest convenient number of trees in a given 
space, none shall incommode its neighbour. In cold or exposed situations, where the plants 
cannot attain any great size, close planting is necessary; the reverse being the case where the 
climate is warm and humid and the soil is productive, and 
consequently likely to produce largo bushes. In the West Indies 
and Java, the space is often 10 to 12 ft., but other crops are 
there usually planted with the coflee. In Ceylon and Southern 
India, distances vary from 4 ft. each way to 8 ft., the best 
being, perhaps, 7 ft. between the rows and 6 ft. between 
the plants. The number of trees contained in an acre planted 
6 ft. X 7 ft. will be 1037; 6x6, 1210; 6 x 5, 1452; 5x5, 

1742 ; 5 X 4, 2178; 4 x 4, 2722. Advantages in wide plant- 
ing are that field labour is facilitated, and the shrubs grow 
larger ; a disadvantage is that more room is left for weeds. 

Holing or Pitting. — Around or beside each stake, a hole is dug, its size depending much upon 
the kind of soil. In stiff, poor land, 2 ft. each way is not too large ; in good, light ground, 18 in. 
will suffice. They had better be too deep than not deep enough. The implements commonly used 
by coolies for this pimpose, are the quintannie, or grubbing hoe, Fig. 497; the mammotie. Fig. 498; 
and the alavangoe, or spade-bar, Fig. 499. The earth thrown out is left to mellow until 
just before planting. The hole is then “filled in” with the best of the mould, which 
has been carefully freed from stones, roots, &c., and mixed with a little manure. The 
filling in must be done very lightly, and the loose earth should rise in a heap above 
the hole. The operation is best performed while the ground is moist ; it is also a good 
plan to break down the sides of the hole somewhat, especially if they are hardened. 

Planting. — When the holes have been duly prepared, the young plants are removed 
from the nurseries with the same care as they were transplanted to the nurseries from 
the seed-beds. For taking up the plants, an ordinary prong is much superior to the 
spade-bar ; band-pulling must be rigidly guarded against. The fibrous roots of each 
plant, as taken up, are carefully pruned ofif to about 4 in., so that they may not be 
doubled up in the planting ; the tap-root is also shortened to about 9 in. by a clean sloping 
cut, for the same reason. A ball of earth should surround the roots ; and if the plants 
are exposed to the air for more than a few minutes, the roots should be covered with wet 
moss, or some other damp material. A dull cloudy day should be chosen whenever 
possible ; in bright sunshine, the plants would all be burnt up. The plants are carried 
in batches on trays to the estate. They are placed in the ready prepared holes by hand, 
great care being taken that no roots are doubled up, that the plants are upright, and 
that they are no deeper in the ground than they were before. In treading the earth 
down round the plant, every precaution is necessary to prevent leaving holes for the accumula- 
tion of water round the roots. The surface should be made firm and as level as possible. On a 
steep slope, the outer edge may be made slightly higher than the inner, to check the effect of 
wash ; but in subsequent weeding, it will be necessary to guard against exposing the lateral roots. 

There is some diversity of opinion as to the size and age most suitable for putting out nursery 
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plants. When dnll, rainy weather can be depended on for some little time, nursery plants of the 
second year are the most satisfactory. Plants of one season only are too tender for the operation. 
Under ordinary conditions, and with due care, no serious loss of plants should be incurred in this 
way. A noyel plan, which may be advantageously adopted in small plantations, is one resembling 
the method of planting cinchona. A number of calabashes are deprived of their small end and 
emptied of their contents ; into these, the seedlings are placed, gradually exposed to the sun as 
they grow, and finally planted in the calabashes ; the latter soon rot, and form manure for the 
plants. 

A plan that has been much followed is the substitution of “ stumps ’’ for nursery plants. 
Plants that have been in the nursery for about three years are dug up and pruned back, leaving 
only about 6 to 8 in. of stem. They are hardier and safer in a general way than whole plants, 
more especially in uncertain weather. They will strike readily, even without rainfall for some 
little time after being put in, provided the ground has become sufficiently moist to prevent their 
being burnt up ; but they cannot be used with success in districts where a long period of drought 
may be expected to succeed the wet season. The planting is performed in the usual way. The 
plants send up several shoots 'from the parent stem ; of these, the finest is retained to form the 
future tree, and the rest are pulled off carefully. The shoot that is left grows rapidly ; but, from 
the way it springs from the stem, it is liable to be accidentally broken off, either by a high wind or 
by the weeders. The crookedness of the stems of stumps from native grown seed renders them 
very inferior. The best size for stumps is the thickness of a common pencil. 

Dibbling . — Where the land is very rich and friable, holing may be replaced by the less expensive 
plan called “ dibbling.” It is performed in two ways : — (1) ®y the aid of the spade-bar, is made a 
sufficiently deep hole, into which the plant is dropped, and secured by treading the earth lightly 
round ; (2) A patch of ground measuring about I ft. each way is thoroughly loosened, without the 
soil being taken out ; in the disturbed earth a hole is made with the hand, the plant is inserted, 
and trodden round as before. The latter method is preferable. Dibbling is only practicable in 
exceptionable cases. It is, moreover, open to objection, as a hole is often left, in which water may 
accumulate and rot the plant ; and the roots ate more liable to injury than in ordinary planting. 
On the other hand, very much labour is saved. 

Staking . — When the plants are exposed to wind, they should be provided with supports as soon 
as they are 10-12 in. high, and present a resisting surface. For first season’s plants, lining pegs 
may be used ; but larger plants will need strong, indexible stakes, 3-3J ft. long, entering the 
ground on the windward side, at about 6 in. distant, and at such an angle as to meet the stem at 
about its middle. The plant is attached to the stake by a broad loop of some vegetable fibre, 
firmly tied to the stake, but loose around the stem. If the plants have already been worked by 
the wind, they wiil need earthing up 5-6 in. as well. The ties may be brushed with coal-tar, as a 
protection against theft, insects, and decay. 

Supplying Vacancies . — Every precaution should be taken to guard against failures, as “supplies,” 
as they are called, will seldom if ever do as well as young plants put into virgin soil. In new land, 
failures can be almost entirely guarded against by care. Their number may subsequently be 
limited by keeping the ground free from weeds, and by good draining, manuring, and pruning. A 
certain number of vacancies, however, will occur from time to time, and they must be filled up in 
the following manner The original pit, having been re-emptied, should be enlarged an inch or 
two aU round, and especially in depth. This should be done in the dry weather, the pit being left 
open for some time, and only filled in when the time for planting has arrived. In most cases, it 
will be desirable to refill the pit with the soil which has been taken out of it. Where the vacancy 
is in the midst of old trees, a large pit is necessary, to protect the new plant from beino- interfered 
with by their roots, and it is well to isolate the young plant by surrounding it with a ring trench 
6-8 in. wide, and 1 ft. deep. It is also desirable to put a basketful or so of new soil from the 
forest into the pit, near the top; where this cannot be managed, a few handfuls of manure should 
be mixed with the surface mould. Only strong, healthy plants may be used for this purpose. 
Stumps are often considered more suitable than nursery plants, as being hardier ; they throw out 
three or four “ suckers,” the best of which is selected when they have attained a height of 6-9 in., 
the others being carefully pulled off. Well-formed nursery plants, with three or four pairs of 
primaries, and about 12-15 in. high, put in just as they come from the beds, with a good ball 
round the roots, are to be preferred when steady wet weather can be calculated on for some time. 
In any case, supplies ought to be put in early in the wet season, so as to give them every advantao-e' 
They should always be marked by a taU stake ; and should be allowed to bear a maiden crop before 
being topped. 

Shelter.— 'Vh.& worst enemy of the coffee shrub is wind. Its effects become apparent in pinched 
and stunted growth, or in lack of foliage. In situations where the soil is soft and yielding, it does 
equal mischief by working the stems in the ground, so that in a short time a funnel is’ formed 
round the neck of the plant, and this being continually chafed, the bark is worn off, the roots are 
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loosened, and the plant dies “ wind-wrung.” Should it be rescued before the bark is entirely worn 
off, the plant may live ; but it will be extremely liable to attacks from “ bug,” “ worm,” or any 
other blight prevalent in the locality. Belts of jungle are sometimes left standing, as a protection ; 
but opinions differ as to the advantage of this plan, some planters holding that more harm is 
likely to result from the wind being concentrated into eddies, instead of taking its natural and 
more equable course. This question can only be decided by the local circumstances of each case. 
Such belts, being sure to form nurseries for weeds and vermin, are not intended to be permanent, and 
should gradually give way to fruit or other useful trees. Sometimes artificial shelter is erected, 
but it is too costly to find general favour. Indeed, in moderately sheltered situations, staking, 
combined with low topping, ought to be sufficient to secure the stability of the plant ; where they 
are not, the situation has little to recommend it for coffee culture. 

Shade. — This is a consideration of great importance, and the opinion now generally adopted is, 
that the wholesale felling of the forest in some places has been altogether a mistake, and that 
plantations which are now extinct might stiU be flourishing, had the forest shade been at least 
partially retained. The history of coffee cultivation in the East proves that, in hot climates, and 
where prolonged seasons of drought may recur, coffee will not flourish permanently, except under 
shade. In a state of nature, the plant almost universally affects shade ; this is the more remarkable, 
that the seeds are deposited by wild animals and birds as freely on open grass lauds as in forests. 
A suspicion that the borer, leaf-disease, and other immediate causes of decay, are only induced 
by the weakened state of the shrubs, consequent upon their exposure to lengthened periods of 
drought, is supported by the fact that where shade trees are found standing upon an abandoned 
estate, they are surrounded by a surviving remnant of coffee bushes. 

The question as to where shade is necessary is one of climate ; it is not universally beneficial- 
The advantages to be derived from it, in very hot climates, are : — Diminished exhaustion, and 
consequently increased longevity of the plant ; reduced cost of cultivation ; a conservation of the 
nutritious properties of the soil, and an actual increase of them, as the cover given to the ground 
causes the surface vegetable matter to decay more rapidly ; and, provided the tree be a sub-soil 
feeder, the shedding of its leaves will yield a positive gain of surface matter, which the roots of 
the coffee would otherwise never have reached. In addition to this, there is the direct value of the 
timber grown. The only drawback to shade would seem to be a diminished yield of coffee ; but 
this is atoned for by the increased longevity of the 'plant. The most suitable trees for affording 
shade will be alluded to under the local headings. 

Soads. — Efficient roads not only greatly facilitate the working of a plantation, but they should 
be so laid out as to serve the additional purpose of drainage. A cart road should pass through the 
centre of the estate, wherever it is possible to avoid a steeper gradient than 1 in 15, emerging upon 
the main highway. From this, branch roads should be cut at right angles, with as easy gradients 
as possible, and not more than 100-150 ft. apart. These branch roads should cross the lay of the 
ground, so as to check, to the fullest extent, the effects of waste. A boundary path encircling the 
estate is useful for many reasons. The main central road should be set out before pitting and 
planting. Wire tramways commend themselves as eminently suited to minimize labour on coffee 
estates. An excess of road accommodation, as regards both the number and the width of the paths, 
is far preferable to insufficient reading, despite the extra first outlay. If the ground be rich, it 
may cost a good deal to keep the roads clean and free from weeds. This, however, may be greatly 
lessened by ploughing them up and planting them with an annual crop, until the land is 
exhausted ; not only will the roads be rounded by the ploughing, but weeds will not so readily 
grow. 

Drains. — ^Nothing is more important than the thorough draining of a coffee estate, in order to 
carry away the excess of moisture during heavy rains, without allowing the surface soil to be 
washed away. Continuous open trenches are cut in parallel lines across the face of the slope, and 
at 10-15 yards apart ; their gradient should never exceed 1 in 12, and 1 in 20, or even 30, will be 
better ; their width may be 15-18 in. ; and their depth, not less than 1 ft. at the lower side. They 
need constant cleaning out and repair, especially after a heavy shower. They must in all cases 
empty into a natural or artificial chaimel amply capable of carrying off the water ; if furnished with 
breaks to catch the suspended soil, so much the better, as the latter can then be collected and 
returned to the estate as a dressing. 

Calch-Crops. — Much has been said both for and against the growing of other crops among the 
coffee shrubs. In the West Indies, the culture of plantains, yams, cocoa, &o. was carried to such 
an extreme that the coffee became, in fact, of secondary importance, or was even killed out. In 
Ceylon, too, catch-crops were long in vogue ; but they seem now to have gone out of fashion, as 
they exhausted the soil, and produced too much shade. There is nothing to object to in the 
simultaneous cultivation of several crops so long as each has due space, and sufficient manure, and 
the plants are not antagonistic to each other, as the failure of one crop may be compensated for by 
the success of another. Bice and tobacco have been found to yield good returns as catch-cropa 
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but they possess a disadvantage in not affording any shade to the young coffee plants. Cocoa, 
yams, and plantains are, perhaps, even less advisable ; and similar attempts with cotton have 
proved altogether failures. Maize, on the other hand, is highly spoken of by Stainbank, from 
experiences in Natal. It should be planted thinly in three rows, 18 in. apart, between the coffee 
rows, and two plants in the coffee rows between the coffee plants. The seed should be sown 
immediately after the coffee is planted. It grows very quickly, and should early be thinned out 
to 18 in. apart in the rows; it will soon be high enough to completely shelter and partially shade 
the coffee, which will grow all the faster in consequence. The latter will also be benefited by the 
extra working of the ground. In the autumn, a dressing of manure is applied, and the ground is 
ploughed, or deeply hoed, preferably the former. The crop may be repeated in the following 
spring, reducing it, however, to two rows and one plant, and repeating the manuring and ploughing 
or hoeing ; this time the choice between plough and hoe will be governed by the size of the coffee 
shrubs : the same manure will suit both coffee and maize. 

Weeding . — By “ weeding,” is meant the eradication of every plant which is not being inten- 
tionally cultivated. The operation is performed in different ways, according to the nature of the 
soil. On light soils, and sloping situations, hand weeding is much the best. The labourer is 
provided with a pointed stick, to help in getting up obstinate roots, and carries at his waist a 
small bag, into which the weeds are at once thrust. They are turned out of the bags into pits dug 
at convenient intervals, or are heaped up in the roads, and are finally buried or burned, the latter 
being the surer way to destroy them. By weeding early, and repeating as often as necessary, the 
ground may be kept clean by hand. When hand weeding will not suffice, recourse must be had to 
“ scraping ” the ground, which is attended with a serious drawback, viz. ; — that the first inch or 
more of the best surface mould is removed at the same time, thus robbing the plants of food, and 
exposing the earth to the full effects of wash. On stiff clay soils, on level plantations, and in damp, 
cool climates, on the other hand, hoeing is not only necessary for the perfect eradication of the 
weeds, but is of itself exceedingly beneficial to the soil, and, except duiing the dry season, should 
be regularly done whether weeds are present or not. When scraping or hoeing, it is imperative 
that the operation should be conducted from the outside towards the tree, so that the roots may be 
kept well covered, and the wash may easily escape into the gutters. 

Pruning . — The kind of pruning first required by coffee bushes is that known as “ topping,” 
The age and height at which this operation is performed, depend in a great measure upon local 
circumstances ; the question is also a much debated one. The object of “ topping,” or removing 
the top of the bush, is to restrain its upward growth within convenient limits, and, as a natural 
consequence, to strengthen and concentrate its lateral growth. According to Sabonadiere, topping 
is commenced, in Ceylon, at the age of 12-18 months, the maximum ordinary' height being 4 ft., 
sometimes reduced to 2 ft. He prefers to postpone the operation till the shrubs have borne the 
maiden crop, even though extra staking is required to withstand the wind. His plm is to remove 
the two primaries at the required height, by a sloping outward cut close to the stem, and then to 
remove the top by an oblique cut, so that the stumps resemble a cross, and a firm natural knot 
remains to guard against the stem splitting down. Hull (Ceilon) contends that the plants should 
be topped as soon as they have reached the required height, when the soft wood is easily severed 
by a pinch between the finger and thumb. In Natal, the shrubs are topped either at their full 
height— 4J-5 ft.— or at 3 ft., allowing a sucker to glow up on the weather side to complete the 
height. The latter plan is preferred. There is much advantage gained in limiting tlie heit'ht to 
5 ft., not only is the crop gathered more easily and without damage to the tree, but it is actually 
heavier, and the shrubs are more readily made to cover the ground. 

The first result of topping is to induce the growth of a number of shoots, the removal of 
which is termed “handling” or “searching.” Tlie first to appear are vertical suckers or 
“gormandizers,” from under the primary boughs; these are immediately rubbed off without 
injuring the bark. From the primaries, spring secondary branches, in pairs, and at very short 
intervals. All such appearing witliin 6 in. of the main stem are removed at once, so that a passage 
of at least a foot is left in the centre of the tree, for the admission of air and sun. The object of 
pruning is to divert the energies of the tree from forming wood, and to concentrate them upon 
forming fruit. The fruit of the coffee tree is borne by young wood; and, as the secondaries are 
reproduced when removed, they are cut off as soon as they have borne, and a constant succession of 
young wood is thus secured. In order that this may be regular, and to avoid weakening the shrub, 
the secondaries that grow outside of the foot space are left on alternate sides of the primary, tlieir 
opposites being removed each year in turn; thus one is growing while the other is bearing.’ The 
one point in view must be the equal development of the tree, and the yearly growth of as much as 
it will bear, but no more. Branches must not be allowed to grow into or cross each other; if two 
or more secondaries spring from one spot, the strongest only must be retained ; where a gap occurs 
tertiaries may be trained to fill it, in the same way. When practicable, the bushes should b^ 
handled twice before the crop; and the pruning should be commenced immediately after the crop 
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and finished before the blossom comes ont. Should that be impossible, it must be snspended during 
the 3 or 4 days of blossom time, and then be carried to completion. When it is evident that 
the crop on a tree ■will exhaust it if allowed to mature, a portion of it must be sacrificed by 
pruning. The loss thus occasioned is more apparent than real. In very prolific seasons, much fruit 
is wasted for lack of labour, and the trees are unnecessarily overtaxed, and bear poorly for some time 
afterwards. Everything should be done to ensure regular and even crops. The cuttings should be 
trenched in as manure. No branch should be allowed to bear more than two or three crops before 
removal. Regular and systematic pruning is one of the first essentials to successful coffee culture ; 
where plantations have been neglected on this score, they must be very' gradually reduced to proper 
condition, by sawing out the cross branches, and opening up the centre of the trees, in the first 
year; and tliinning out about half the remaining wood, in the second year. 

Manuring.— It is commonly said that coffee is an unusually exhaustive crop ; but the exhaustion 
of the soil consequent upon coffee culture is a result of the peculiar conditions under which it is 
prosecuted, rather than of the nature of the plant itself. Better than any amount of artificial 
manuring, is the retention of the naturally rich surface soil, by the effective prevention of wash. As 
a secondary' adjunct, however, judicious manuring will be highly beneficial, and even necessary in 
almost all cases after the first year or two. It is impossible to lay down any hard and fast rule for 
manuring; the most that can be done is to indicate the essential elements of coffee soils, the 
best artificial substitutes, and the best method of applying these substitutes. The best coffee soils 
appear to contain about 15 per cent, of combined iron, and alumina : the iron, if as red oxide, may 
amount to 20 or even 30 per cent., being a good absorbent of fertilizing constituents; but the 
alumina should not exceed 10 per cent. Lime is an essential, which must be supplied if wanting; 
this is too often overlooked, in the anxiety to furnish stimulants. The percentage of organic 
matter may be too high; it should represent about 0'2 to 0'3 per cent, of nitrogen. The best 
average manure for supplying nitrogen and potash is well-rotted dung ; but its frequent application 
should be accompanied by a little lime, unless the soil is already very rich in that constituent ; 
without the presence of lime, the shrubs will not receive the full benefit of the nitrogenous 
principles, but its use in a tropical climate must be governed by caution. Thoroughly fermented 
coffee pulp is a useful manure; but it is only half as valuable as dung, and costs more to 
apply. It should be kept covered as it is produced, and is best mixed with fermenting dung, 
failing which, it should be well limed. Alone, it is of small benefit ; but forms a good vehicle for 
concentrated fertilizers. Almost all soils require a constant renewal of phosphoric acid and lime, 
which are not supplied by dung alone. These constituents are best furnished in the form of bones 
(steamed and ground), or concentrated superphosphate (containing 40-45 per cent, soluble 
phosphate of lime). Nitrogenous manures alone are too stimulating, and help to produce premature 
exhaustion, therefore bones may with great advantage be added to dung. Composts of pulp and 
cake are useful nitrogenous manures ; but they must be accompanied by phosphates and lime. 
Potash seldom requires to be directly applied ; but is advantageous after attacks of leaf disease. 
Magnesia seems to be a necessary constituent (from 0-5 to 2-0 per cent.) of all good coffee soils; 
when wanting, dolomite may be applied. The great object of manuring is to supply all the 
constituents required, and in an available form. For coffee, the nitrogen is better applied in an 
insoluble form (as in dung, fish-manure, or cake), than in a soluble form (as in guano, sulphate of 
ammonia, or nitrate of soda). Phosphates are best conveyed in bones, when a lasting effect is 
required ; but high class superphosphates are preferable for immediate effect, as in cases of leaf 
disease. In tiopical climates, all manures are best applied frequently and in small quantities. 
Regular manuring after each crop would doubtless be most generally economical and advantageous. 
•The quantity must depend on local conditions, but should always be extra liberal after a full 
harvest. Artificial manures should be put out only in damp weather ; dung may be applied at 
any time. The lime must never be in a caustic state ; its best forms are gas lime and gypsum. 

The manner of applying manures is not the same in all cases. No manure should be put more 
than 1 ft. below the surface of the ground, nor less than 18 in. from the stem of the coffee bush. 
On flat land, where there is no danger of wash, the manure may be spread over the surface, and 
hoed in to a depth of 9-12 in., or a square hole may be cut between each four shrubs, and the 
manure buried in it. On slopes, it is usual to dig a hole above each bush. For bulky manures, it 
may be 2 ft. long, ft. wide, and 1 ft. deep ; for concentrated manures, its dimensions will be 
reduced. The holes should be filled up with any prunings or other vegetable matter at hand, and 
covered down firmly with the loose top soil ; the new earth from the hole should be spread around 
the stem of the neighbouring tree to protect its roots. 

Ordinary manuring is sometimes supplemented by other methods of improving the soil. One 
of these is to loosen it, by driving a long bar or a manure fork deeply into the ground, and then 
prizing up the caith, without turning it over. A second operation is that known as “ mulching,” 
or “ ground thatching,” which consists in covering the ground under the bushes with a layer, 6-9 in. 
thick, of hard long grass. The effect of this in cold, wet soils, is to keep the ground warm, and 
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to throw off excessive mowtere ; in hot, dry situations, it is equally useful to retain moisture. In 
any case, weeds are kept down, and wash is quite prevented. When rotten, the grass may be hoed 
or dug in as manure. This thatching has been found a perfect cure for black bug. A third 
operation is called “ trenching,” or “ waterhobng.” The trenches are made across the slope, and 
may be either open or closed. In the former case, holes, 3-4 ft. long, 12-15 in. broad, and 15-18 in. 
deep, are cut between each four trees ; the soil taken from them is spread over the roots of the trees, 
while the holes are left open to act as eatch-drains, and as receptacles for wash, weeds, prunings, 
and other vegetable matters, beuig emptied twice a year, and their contents spread around the 
roots of the shrubs. Closed trenches are ditches cut across the entire length of the coffee rows> 
2 ft. wide and deep, and filled with any vegetable rubbish at hand ; they are then covered with 
earth, and well trodden down, whUe the remaining soil is spread under the trees. The benefit of 
trenching is greatest in stiff soils. The refuse matter in the trenches should be limed, to kill grubs 
and other Vermin for which it will form a nursery. 

Diseases and enemies . — Besides peculiar conditions of climate, aspect, drainage, shade, shelter, &c., 
already alluded to, particular attention must be paid to the prevention or cure of certain maladies 
to which the coffee shrub is specially liable. The number of these insectiform and fungoid pests 
is considerable ; but the only ones of sufiicient importance to merit description are leaf-blight, fly, 
borer, bug, and canker. 


1. Leaf-bbght. — The leaf-blight of Ceylon and Southern India was first noticed in the former 
country about 1869, and in India two years later ; by 1875, it had devastated whole districts, and since 
then it has been fonnd in Sumatra and Java. Its existence at a distance from the Indian Ocean has 
not yet been proved, though there is some suspicion that an allied disease is indigenous to Western 
Africa. It is a fungus, known as Hemileia Vasiatrix, and allied to the moulds. It is present in some 
form or other all the year round, and first attacks the under side of the leaves, causing spots or 
blotches, at first yellow, but subsequently turning black. These blotches are covered with a pale 
orange-coloured dust or powder, which easily rubs off; they gradually increase in size, imtil at last 
they have spread over the leaves, which then drop off, leaving the trees unable to produce crop, or 
to bring to maturity that which may have already been produced. 


In districts affected by the south-west monsoon, during December to February, the fungus 
generally exists as an external parasite, in the form of long filamentous threads, covering every part 
of the bark and leaves, but so minute as to be invisible to the naked eye. The disease was made the 
subject of an ofBcial inquiry, by Daniel Morris, of the Peradineya Botanic Gardens, from whose 
report it appears that a successful mode of treatment has been found. Of the many materials 
experimented with, one only is invariably effective, viz. a mixture of best quality flowers of 
sulphur with caustic lime, in the proportions of 1 part (by weight or measure) of the former with 
three parts of the latter— 1 : 2 gives much better results at increased cost— and thoroughlv incorpo- 
rating them before use. When small areas only are to be treated, sulphur blowers may be used for 
applying the powder ; but it can be as effectively spread by hand, taking care that it is thrown 
upwards into the tree, and that the stem and branches becomp well coated. Sufiicient will 
generally fall to the ground to disinfect the vegetable matter lying there; but under large and 
leafy bushes, a few extra handfuls may be sprinkled. This will especially apply when “ mulohin<r " 
or open trenching, is carried on. When once the mycelium, or vegetative part of the fungus, has 
penetrated the tissues of tlie leaves, no remedy can be used which will not also destroy the leaf 
The only opportunity for combating the disease is while it is in the invisible filamentous state’ 
on the exterior of the bark and leaves. At this time (December to February), each tree should be 
treated with about 5 oz. of the mixture, not omitting to disinfect the ground and whatever 
encumbers it. It has been observed that the treatment produces marked beneficial effbets upon 
the trees in other ways; their appearance becomes more vigorous and healthy the foliage improves 
in texture and colour, the wood matures and bears earlier, the blossom sets better ani the crop is 
heavier. The measure is preventive only. The disease being infectious, and the spores of the 
fungus easily distributed by wmd, every precaution should be taken to eradicate it from aban- 
doned coffee patches, and stray wild trees. Such had better be burnt, and the ground occupied 
by otlier produce. The cost per acre of the treatment is estimated as follows —Flowers of snlohur, 
1 cwt., E. 10 .- coral lime, 3 crt. E. 5-25 ; hand spreading, E. 1-25 ; total, E. 16-50. In hmdly 
any case would it exceed K. 18-20 an acre, without transport 

A disuse known as “ leaf-roC mther prevalent in Mysore’, is distinguished from the above, and 
IS referred to a fun^ ^med Pell^arm Koleroga, by Dr. M. C. Cooke. It appears about July, 
when the leaves of affected s^bs hecome covered with slimy, gelatinous matter, turn black, and 
drop off ; clustersof berries also rot and fall. There is every probability that the sulphur and lime 
treatment would be effective m this case also. The shed leaves and fruit should be collected and 
burned. 


Fly.-This ^ase has been known for many years in Dominica and Brazil ; it has also spread 
to Venezuela, the Antilles, Porto Eico, Martmique. Trinidad, and aU down the Atlantic coast of 
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South America. It is cansed by the larvae of a moth, scarcely ^ in. long, named Cemiostoma 
coffeelvm. The colour of the insect is dull-white or pale-grey, with a bar of black across the 
posterior end when quiet ; its motions are very active, and it readily takes alarm. The female 
is either provided with an ovipositor of sufficient strength to pierce the cuticle of the leaf, beneath 
which the egg is deposited, or it deposits the egg in some irregularity on the surface of the leaf, 
leaving the future caterpillar to find its own way into the tissue. In either case, a caterpillar 
develops from the egg, and feeds on the cell tissue of the leaf, in all directions, between the two 
cuticles. The insect prefers young and delicate leaves, and is most active about the commence- 
ment of the wet season, when, doubtless, the majority of the eggs are deposited. It is dormant 
during the wet season — say from March to May Of the varieties of coffee met with in Dominica, 
the mocha is most subject to the attacks of this moth, its leaves being the most delicate. Stronger 
leaved varieties, when fairly healthy, are scarcely attacked ; but when existing under unfavourable 
conditions, such as to induce ilaccidity of texture, they are sometimes much affected. The disease 
manifests itself by the appearance of large discoloured blotches on the leaves, causing their decay 
and fall. It has been stated that, by picking the leaves at such a time as to take the greatest 
number of the larvae when about two weeks old, it would be easy to destroy the pest, as the size of 
the blotches would then easily distinguish the diseased foliage. The insect is very susceptible to 
the effects of wood smoke, and may easily be driven off or destroyed by the smoke of ordinary wood 
or grass fires. At present it does not exist in the West Indies to such an extent as to injuriously 
affect the fruitfulness of the trees, and is markedly less numerous where insectivorous birds 
abound. 

Borer. — This pest, formerly known as the “worm” and “coffee-fly,” is most troublesome in 
Southern India, especially in Coorg and the Wynaad, where, in 1865-6, it destroyed whole estates. 
Beetles with similar boring habits infest the coffee bushes on the West Coast of Africa, and in Zan- 
zibar, and are occasionally troublesome in Jamaica. The Indian borer has been identified as the Xylo- 
trechus quadrupes. In its complete stage, the insect appears as a winged beetle ; it is J to f in. in length ; 
rather finer in shape than a wasp ; with a hard, shiny coat ; in colour, red and black, or. in other 
cases, yellow and black, in alternate transverse lines. It bores a passage into the stem of the coffee- 
tree, usually at some few inches above the ground. This passage, at first liorizontal, soon takes an 
upward spiral direction, and proceeds until a safe retreat is found, in which the larva may be 
deposited. The tree soon droops, and dies down to the point at which the entry has been effected, 
and where it can be easily broken off by a sharp pull at the upper part. The only course is to 
break off the tree in this manner, and then to burn the stem, with the larva secreted in its centre. 
Young shoots will proceed from the stump (if the perforation has not begun too near the roots), and 
one of these may be trained to succeed the original stem. There is a growing impression tliat the 
borer can be kept out of estates in hot, dry situations only by providing shade, and perhaps irrigation. 
Its ravages have always been worst on weedy plantations and new clearings. 

Bug. — The coffee tree is attacked by various species of Coccidce in most countries, where they are 
known by different names. Ceylon has been, perhaps, the worst sufferer in this respect ; but careful 
cultivation has greatly reduced the evil. There are two distinct species of bug found in Ceylon^ 
and called respectively “ black,” or “ scaly,” and “ white,” or “ mealy.” The former, Lecanium 
coffece, is a minute insect, which attaches itself to the tenderest shoots of the plant ; the females 
have the appearance of small scollop shells, of a brown colour, and adhere to the leaf or twig in the 
• same manner as the scollop shell to a rock. Each of these contains several hundred eggs undergoing 
incubation ; and in a short time, the whole of the green wood of the tree will become covered with 
the young insects, and coated with a black soot-like powder, which renders the tree easily discernible 
at a distance. The bug will soon spread over whole estates, entirely checking the growth of the 
trees ; the fresh young shoots are always first attacked, and such wood as is allowed to mature 
produces hardly any crop. The berries, moreover, are, in their earliest stage, destroyed by these 
insects, which cut them off at the stalk. The measures recommended for checking this scourge are 
to dust the bushes with a mixture of pounded saltpetre and quicklime, in equal parts ; or to brush 
or sponge the affected parts with a mixture of soft-soap, tar, tobacco, and spirits of turpentine, in 
about equal quantities. A coolie, with a bucket and a piece of rag, can perform the office effectually. 
This species affects elevated (above 3000 ft.), cold, damp, close localities, where it is found in all 
stages of development all the year round, the propagation being continuous. It genemlly makes 
its first appearance under the shelter of a large rock, near a belt of forest, or at the bottom of a 
nullah. 

White bug is a distinct species of insect, known as Pseudococcus Adonidum. It is small, flat, 
oval, about in. long, covered with a white down or fur, and having parallel ridges miming across 
its back from side to side, like the wood-louse, though on a much smaller scale. It is found in 
various stages of development all the year round, and takes up its quarters on the roots of the trees 
to about 1 ft. beneath the surface, at the axils of the leaves, and among the stalks of the crop clusters, 
which it cuts off wholesale, either during the blossom stage, or just after the young berries have 
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been formed ; in the latter case, its operations may easily be recognized, by the large qnantities of 
young green berries with which the ground beneath the trees will be strewn. It is also easily 
discovered by a white, flonr-like excretion which it deposits around the axil nooks where it has made 
its abode. The prescriptions above recommended for black bug will be here found equally 
efficacious. In either case, probably, a decoction of common tobacco might be sufficient, while much 
more easily prepared. The white bug has a decided preference for hot, dry situations, and 
generally disappears in the wet season ; too often, however, only to return as soon as the blossom 
has set. 

Canker. — A disease which has created great havoc in Natal, and which causes an annual loss of 
about 1 per cent, of the trees in Jamaica, is “ canker ” or “ bark disease.” The first symptom is the 
withering of a tertiary or secondary branch, when it will be found that the bark under the primary 
branches is decayed and blue mouldy ; the blue mould gradually extends downwards over the whole 
stem ; a tree once attacked never recovers, but dies in a few months. All soils and situations seem 
liable to the disease, the trees beginning to suffer when about six years old. Though the mould is 
the proximate cause of death, the ultimate cause is evidently due to some unfavourable external 
condition. The opinions of experienced persons as to what this may be are various ; it is attributed 
to neglect of cultivation, to unsuitability of climate, and to want of depth of snbsoil. All may be 
partially right ; but the last seems most probable, and is the reason given for it in Jamaica. 

Eot, Grubs, Eats, Squirrels, &c. — “Eot,” or the blackening and withering of the young leaves 
and shoots, is due to wet and cold, and may be cured by good drainage and mulching. Gmbs 
of a large yellow kind destroy the tap-roots of the plants ; cattle manure is a fertile source of them, 
and should be well limed. Eats, squirrels, grasshoppers, ants and spiders collectively do consider- 
able mischief, and should be exterminated whenever possible. In Java, a fungus attacks the stems, 
giving them a white appearance, and producing death in all the parts above. In Venezuela, occurs 
a minute fungus named Depazea mactdosa, which causes the so-called “ iron-stain,” circular or 
elliptical blotches of an oohreish-yellow colour. The same appears to be in Jamaica also. 

Marvesting . — The clusters of buds which duly make their appearance are, at first, little, dark- 
green spikes ; as they grow, they become straw-coloured, then under the infiuenoe of a few showers, 
almost white, and finally burst into snowy blossoms. After a day or two, the flowers turn brown 
and fade away, the more gradually, the better. ’W'hile the bloom is out, rainfaU is unwelcome ; but 
after it has “set,” a shower is beneficial. The pistils of the flowers soon assume the form of berries, 
gradually growing, and changing their colour from dark-green to light-yellow, which finally 
deepens to red. As soon as a sprinkling of red berries is seen, picking should begin ; it will con- 
tinue as long as any berries ripen, say 1 to 3 months. The berries, or rather cherries, must not be 
picked until fuUy ripe, as indicated by a deep purplUh-crimson colour. As the crop rarely or never 
ripens all at once, two or three pickings are required, the second being the principal one, while the 
others are rather gleanings. Each mature cherry should be picked separately off its stalk, and 
never stripped off; the cherries as picked are dropped into a small bag — say 18 in. square sus- 

pended from the neck ; these bags are emptied into 1 J or 2 bushel sacks placed at intervals on the 
paths. If allowed to get over ripe, in wet weather, the chenies are liable to burst and drop the 
beans, or to fall off bodily ; on clean ground, much may be recovered. In hot weather, the cherries 
are more likely to dry up and hold on to the trees. In order to convey the .cherries to the curing 
houses, a great saving is effected, in long distances, by running them with water down galvanized 
iron spouting, made in 8 ft. lengths, laid with even gradients and curves, and duly secured. The * 
cherries are despatched from cisterns, to which the due proportion of water is admitted ; provision 
is made for collecting and utilizing the latter at the works. 

Preparation.— The preparation of the coffee necessitates the erection of extensive buildings and 
machinery ; for these no specific plan can be given, because much depends upon the size and situa- 
tion of the estate, and much upon the kind and degree of preparation contemplated. The site 
chosen for the works should be as near the centre of the plantation as is compatible with securing a 
patch of open airy ground, to which a good stream of water can be brought. The first requisite 
building is the “pulping house,” comprising three floors— the cherry loft, the pulping platform, and 
the cisterns. Whenever possible, it should be built against a shallow cliff or embankment, so’ that 
the cherry-coffee may be deUvered into the loft without being borne upstairs. The cherry loft is 
usually immediately over the pulping platform. 

Pulping.— The operation known as “pulping” consists in liberating the coffee beans from the 
pulp in which they are enveloped. With ripe cherries, this is most easily and effectively accom- 
plished immediately after picking, and efforts are usuaUy made to complete the pulping of a day’s 
picking during the same evening ; if over ripe and shrivelled, but stiU comparatively moist inside 
the cherries should first be soaked in water for a few hours. A number of machines have been 
invented for this purpose, the object in all cases being to pulp rapidly, thoroughly, and without 
injury to the bean ; if the inner skm of the bean be broken, the latter is wasted. The most simple 
form of pulping machine is the “ disc pulper,” in which the separation of the bean and the pulp 
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is eflfected by means of rotating discs, covered with a thin sheet of copper, whose surface has been 
“ knobbed,” or raised into rows of oval knobs, by the application of a blind punch. Pulpers of this 
class, being portable and cheap, are often used in the opening of distant estates, and commonly in 
India and Java. The “ single ” form is very light ; driven by three coolies, it will pulp 20-25 bush, 
cherry an hour. The ‘‘ double ” form, shown in Fig. 500, has two discs, and is furnished with a 
feeding roller inside the hopper. It requires four to six coolies to pulp 40 bush, an hour ; but driven 
by power, it will do 70-80 bush. The discs are placed between “ cushions ” of smooth iron, set at 
such a distance that the cherries cannot pass without being bruised ; the cushions rest on a movable 
bed of iron, set so that no bean can pass downwards. When the disc revolves, the cherries are 
driven forward, and squeezed ; the corrugations then catch the skins, and drag them between the 
disc and bed. These small pulpers have an advantage over the larger ones, in that each can be set 
to suit the size of a portion of the crop — which always varies ; and with a number of machines, 
there is less likelihood of complete stoppage in case of an accident. One disc pulper to every 30-40 
acres — say three to 100 acres : two to be set alike, and one for smaller cherries — should be ample. 
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The “cylinder pulper’’ is an older invention than the preceding, and has been subjected to 
numerous modifications. The principle is illustrated in Fig. 501 ; a is a cylinder of various diameter, 
revolving in the direction of the arrow. The cherries and water are guided between the cylinder 
and a piece of iron, called a “ chop,” 6, set at such a distance that the smallest cherry is bruised 
while the largest bean is not damaged. The teeth of the cylinder catch in the pulp and drag it 
within the second chop c, which is made sharp at the top and is set so that while admitting the pulp 
it rejects the beans, which fall into the trough d ; the pulp passes into the trough e. The cylinder 
is furnished with a toothed surface, by means of a sheet of copper pierced with a number of partial 
perforations, so as to resemble a magnified grater. Sometimes the punching is effected in such a 
manner as to produce three-cornered points, the apex of the triangle being at the top ; in other 
cases a “ half-moon ” punch is used, and this is said to 
reduce the percentage of pricked beans. In any case, it 
is essential that the teeth shall be equally raised. Care 
must be taken to retain a bold working edge on the lower 
chop, as when it becomes worn and rounded, small and 
dry beans are liable to be caught and broken. 

A very handy form of cylinder pulper is seen in 
Fig. 502. The pulping parts consist of an iron cylin- 
der a, 24 in. by 15 in., covered with punched copper, and 
a pair of iron chops set to the breast of the cylinder. 

Below the cylinder, is a sieve i>, provided with circular 
motion, for separating the clean pulped beans or parch- 
ment from the pulp and imperfectly pulped cherry. The 
parchment is carried by a spout to the cistern; the 
unpulped cherry is returned to the hopper c, and again 
passed through. Worked by six coolies, it will pulp 
30-40 bush, cherry an hour ; by power, 50-60 bush. 

Fig. 503 represents a “ gearless ” pulper. It has two pulping cylinders, two pairs of chops, 
hopper and feed-boxes of galvanized iron, a large sieve with circular motion, and a set of elevator 
buckets. It easily pulps 100 bush, cherry an hour, and can be made to do 150-160 bush. ; for 
effective speed, it requires a 16 ft. water-wheel, or a 3h.-p. engine. The cherry is dropped into the 
central hopper a, whence it passes laterally into the two side hoppers 6 ; from thesd, it drops on to 
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the sides of the cylinders, and the pulping is effected at the chops under c. The pulp is floated 
away. The beans, together with some pulp and nnpulped cherry, fall into a sieve J, through which 
the beans pass nearly clean, and are carried by spouts e to the cisterns. The pulp and unpulped 
cherry are delivered into a 
well /, whence they are re- 
turned, by the elevator g, to 
«, to be again passed through 
with fresh cherry. 

The use of chops is now 
often superseded by a breast. 

This arrangement is shown 
in Fig. 501. The breast a is 
pushed by hand against the 
barrel 6, and adjusted by 
the nut c and the screws d, 
which bear on the ends e 
of the breast by means of 
wooden wedges / ; it is thus 
kept tightly in its place, as 
close as possible to the barrel 
without being in actual con- 
tact. The part g of the 
hopper A forma a water-box, 
to prevent stones from en- 
tering the machine. The 
cherry descends from the 
loft, through a trap-door, into 
the perpendicular spout i, 
reaching nearly to the bottom 
of the water-box. A con- 
tinual influx of water carries the cherries gradually over the lip of the box into the hopper; the 
supply thus depends upon the rate at which the water is fed. When purchasing pulpers, care 
should be taken to obtain clear directions for setting them up, such as are issued by the makers, 
Walker Bros., Lime Street Square ; and J. Gordon and Co., 8, New Broad Street. 

There are three points which need attention in all pulpers — (1) regular feeding; (2) exact 
adjustment of the pulping parts ; (3) suitable sieves. The first condition is best ensured by the 
arrangement shown in Fig. 504 ; the second will depend in a great measure, upon keeping the parts 
quite clean, and watching their wear ; the third consists in providing a circular mesh of such a size 
as to stop the smallest cherry, while admitting the 
largest parchment bean. It is common to have 
sieves with two meshes, the smaller part being at 
the back, where the coffee comes down with force, 
the larger at the front, where it merely passes for- 
ward. This latter part should permit the largest 
beans to pass. In some seasons, there will be 
but little saccharine matter between the pulp 
and the parchment, so that they wiU adhere so 
strongly as to render pulping a difiBculty. Instead 
of reducing the grade of the pulper, it is much 
better to leave it at the full size for ripe cherry, 
and to pass the coffee through several times, the 
pulp gradually becoming separated without damage 
to the bean. 

The pulpers above described comprise those 
most commonly in use ; a few others demand pass- 
ing notice. The “ bevel-gear ” pulper is made 

with three piflping cylinders or with two cylinders and a crusher. The office of the latter is to 
^ueeze the chernes with sufficient force to effect the separation of the beans and the pulp of the 
larger cherries, while rendering the smal er ones more easily acted on by the pulper ; it ^ists of 
a cylinder covered with overlaping steel plates, and does not get rid of the pulp, but sends every- 
thing forward into a move whence all except the proportion of pulped beans, is passed to tL 
pii pers. It works well, but w somewhat complicated. The “ double pulper and crusher ” has two 
pulping cylinders and a fluted crushing roller, which latter is sometimes replaced by a third pulp- 
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ing cylinder. The “ spur-gear ” is cheaper than the gearleas, or the bevel-gear, and will pulp 
90-120' bush, an hour. “ Butler’s ” consisted of two cylinders covered with grooved metal, revolving 
inversely ; it worked well wilh uniform coffee. 

Fermenting . — The “parchment” coffee, as it comes from the pulpers, is next submitted to a 
fermentation process, to remove the saccharine matter, without which the beans would not dry. 
This operation is performed in a series of tanks whose capacity will vary with the size of the estate, and 
which may be arranged as shown in Fig. 505. The pulpers are placed on a platform G, above the tanks, 
and in such a position that the pulped coffee 
can be run by water into the tanks, which must 
also be so situated that the coffee will always 
advance by the aid of running water, and may 
finally be conveniently conveyed to the drying 
ground, while the water and refuse run off. 

The amount of cistern accommodation neces- 
sary for an estate may be based on the allow- 
ance of 1 cub. ft. for each bushel of cherry 
picked in one day. The tanks are seldom less 
than three in number — two receiving cisterns, 
each large enough for the greatest possible 
daily pick, and a third for washing the parch- 
ment, nearly as large, superficially, as the 
other two combined. In the figure, AB are 
the washing tanks, 12 ft 6 in. by 17 ft. 2 in. 
by 2 ft. deep, separated by a causeway 3J ft. 
wide ; C D E F, the fermenting tanks, each 
8 ft. by 18 ft. 9 in. by 2j ft. deep. These tanks are usually of brickwork, lined with cement or 
asphalt ; but wood is much better, because less cold. They all have a slight incline, to assist the 
drainage. The receiving tanks are provided at the lowest comer with a good-sized outlet fitted 
with a plug, and with a movable sieve of perforated zinc or woven wire, fine enough to keep back 
the coffee when draining off the water, but not so fine as to choke with the saccharine scum. The 
receiving cfterns are used alternately. All the coffee pulped in one day is allowed to remain 
in the receiving cistern until a slight fermentation has set in ; tiiis occurs in twelve to eigliteen hours 
in mild weather, but in cold weather it may take thirty to forty hours, or even more. There are two 
ways of conducting the fermentation— the dry, and the wet. The former consists in allowing the 
pulped berries to lie without water, the bottom of the tank being perforated, so as to drain off the 
liquid : by the latter, the tank remains full of water. The dry system is the better, as long as 
care is taken to turn the mass, so that the fermentation shall be equal througliout ; the presence 
of water equalizes the fermentation, but retards it, and slightly injures the quality of the coffee. 
■When the fermentation is not sufiioiently prolonged, the beans will assume a yellowish eolour — 
called “blanketty ” — and will be difficult to dry, and liable to absorb moisture. When properly fer- 
mented, the separation of the saccharine matters is easily effected in the washing tanks, to which 
the beans and a good supply of water are admitted. The washing cistern is piovided with a 
sluice door J at the lowest comer. This door commonly measures 6 in. wide by 3 in. deep. The 
coffee is constantly agitated by a wooden scraper or rake, by which the light coffee and refuse 
matters float, and may be skimmed off. The dirty water flows off through a tail-cistern, provided 
with a grating to catch the skins and any stray parchment. The sound berries are placed in drain- 
ing boxes to remove the excess of moisture, and are then transferred to the drying ground, with the 
least possible delay. Should the climate be uncertain, it will be necessary to provide for the emer- 
gency of a succession of wet days, when drying cannot be proceeded with. Parchment coffee may be 
kept undried for a fortnight, without injury, by placing it in a cistern exposed to a continuous flow 
of cold water. 

Drying . — The berries to be dried are spread out on a flat surface exposed to the heat of the sun. 
The material forming the drying ground, or “barbecue,” varies greatly. 'Very commonly, the 
ground is levelled, and then covered with a kind of concrete. Sometimes asphalt is laid down ; 
but, besides being expensive, it is not sure to withstand the heat, and such surfaces are liable to 
crack and give way, if not very carefully drained. A very good plan is to lay down coir matting, on 
ground which has simply been made smooth and hard ; the advantages of this plan are its cheap- 
ness, the ease with which extra ground can be requisitioned in case of need, and the use of the 
matting as a temporary covering in the event of a shower. Modifications of this method are. to 
stretch coir or gunny cloth across wooden frames, or across trays with or without wheels. Shed 
accommodation must always be provided ready for the reception of the coffee at any moment. 
The beans must be constantly turned over, either by light rakes or by coolies’ feet. The drying must 
be rendered equable, and must not proceed so rapidly as to crack the parchment before the bean is 
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quite dry ; for this reason, the coffee should not be exposed too long to a strong sun for the first day 
or so. During the drying, it is gathered in each day while the sun is still hot, and will then con- 
tinue to dry under cover. Every care must be taken to prevent heating, which may happen by 
prolonged drying in mild weather ; rather than permit this, the coffee should be returned to a tank, 
and kept washed with running water. If artificial drying can be effected, so much the better. An 
easy means of applying artificial heat is by passing an iron pipe, open at both ends, through 
a fire outside the store and below the level of the fioor, continuing it into the store just beneath 
the fioor. The heated air, passing upwards through the coffee, will carry off much of the 
damp. Kevolving drying machines are also in the market. One of the best of these is Davey 
and Paxman’s, originally intended for drying corn. It consists of cylinders, into which steam 
enters, and agitators arranged so that the coffee is impelled forwards, and caught up and rained 
down as the cylinder revolves. The central cylinder works in a steam jacket, outside which is a light 
casing of sheet iron, perforated at one end, so that air may be drawn through by a fan, to assist in 
the drying and to carry off the liberated moisture. This machine obviates the necessity for re- 
spreading the coffee on the barbecues before hulling. Three days’ thorough sunning usually 
suffices to render the coffee quite dry and brittle, in which condition it is known as “ parchment.” 
As a rule, it is sent to port in this state, its further curing being left to the shippers ; for not only 
is considerable expenditure on buildings and machinery necessary for the purpose, but the experi- 
ence gained in manipulating various parcels of coffee will enable those who make the subject a 
special study to bring the sample up to the best standard of appearance and keeping properties. 
Coffee is said to retain its colour better, if allowed to remain for several weeks in the parchment ; 
and its quality is said to continue to improve for months, and even years, the process being known 
as “ curing.” As, however, protracted curing causes great subsequent difficulty in removing the 
silver skin, coffee is never kept in the parchment longer than is compulsory. 

Stores . — Though there is .no necessity for curing the coffee, and it may be hulled at once, if 
desired, the exigencies of climate render a properly constructed store one of the greatest desiderata. 
The characteristic of the store must be dryness combined with security, hence galvanized iron forms 
the best material. It is generally of two storeys ; the lower floor is sometimes boarded or asphalted, 
but the upper is always so made as to admit of free circulation of air through the coffee placed on 
it. This object may be attained by laying wire gauze, or coir matting, over reepers about 1 in. apart. 
Abundant ventilation must be provided. It will be necessary to watch for any signrof heating ; 
and immediately on their appearance, the coffee must be turned over thoroughly. 

An improved form of store is tliat built on the Clerichew principle. The floor of the upper storey, 
constructed as in the former case, rests on joists running lengthwise of the building. A ceiling is 
provided for the lower storey, by tacking to the joists, cloth which has been well soaked in boiled 
rice-water and whitewash, to render it air-tight ; continuous air passages are thus made beneath the 
floor. About 10 ft. of one end of the lower apartment is partitioned off, and its sides are made as 
nearly as possible air-tight. It has no ceiling other than the floor above, so that the passages all 
open into it. In an opening in the wall of this chamber, a pair of large revolving fans are placed. 
Their rapid revolution draws a continuous current of air from the inside, and therefore through the 
coffee itself. In this way, dried parchment can be kept in perfect condition, without any turninir 
over. By using heated air on the same principle, coffee may be housed whOe still only partially 
diy. and yet not suffer fermentation. 

Bulling, or Peeling . — This operation consists in the removal of the “ parchment ” and the “ silver- 
skin.” The beans must be again exposed to the sun, for a period which it is difficult to define. 
Some say that they should be dried till they resist the pressure of the thumb-nail ; but there is 
really no infallible test, as no two samples are exactly alike. It needs much experience to prevent 
loss of weight by over-drying, or of colour by under-drying. They peel best while still warm. A 
variety of hullers have been tried ; but preference is commonly given to the old-fashioned edire- 
runner mill, composed of a circular trough with two large wheels revolving in it, and suspend°ed 
about 2 in. from the bottom. The trough is one-half to two-thirds filled with beans, which remain 
until the grinding action of the revolving wheels has separated their skins, when they are let out 
by a lateral aperture. A trough 15 ft. in diameter should turn out 12 cwt. market coffee an hour ; 
4 J bush, good parchment coffee should give 1 cwt. clean coffee. The appearance of the coffee imme^ 
diately after hulling is very Ught-coloured ; but it soon assumes a horn-green tint, which it will 
retain unless exposed to damp, when it becomes dingy or mottled grey, and is classed as “country 
damaged.” 

An apparatus for peeling and polishing parchment coffee, combined with one for hulling dry 
cherry coffee, is shown in Fig. 506. The two parts may be disengaged and worked separately. An 
improved machine by which coffee of all grades may be hulled, scoured, and cleaned and different 
kinds and grades of coffee may be mixed, and turned out with uniform appearance, has been 
patented by Patrick McAuliffe. of New York, Its operation is continuous, and it is said to create 
no dust. 
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Winnowing . — The peeled coffee, as it comes from the holier in company with the detached skins, 
is submitted to the influence of a fan, whose force must be so adjusted that it will effectually remove 
the skins without carrying off any coffee. 

Sizing . — When the coffee has been cleaned from the skins, it is necessary to separate it into 
various sizes for market, chiefly with the object of rendering the subsequent roasting process more 
equable in its effect. Formerly, the sizing was performed by hand garbling or picking ; but it is 
now the custom to employ a “ separator, ’ as shown in 
Fig. 507. It consists of an inclined, revolving, cylindrical 
sieve c, formed of perforated sheet iron, or steel wires, and 
divided into sections of different meshes. The coffee is feil 
in at the hopper a. which is furnished with a regulator and 
an internal worm, for the purpose of distiibuting it equally, 
while a revolving brush 6 prevents the meshes being choked. 

Sand and dust pass through the first section, and fall into 
the space d, small and broken beans are delivered at e, sound 
coffee escapes into /, the best and largest beans are caught 
at g, and the pea-berry rolls freely out at the end h. Another 
form of separator, known as Penney's, of Lincoln, is made 
adjustable, so that the gauges can be modified to suit the 
variations to which the crop is liable in different seasons. 

It is often fitted with a fan. By the use of these separators 
or sizers, the labour of garbling is reduced to merely picking 
out any stray foreign substances and unsound beans; the 
broken beans, or “ ti iage,” must also be separated by hand 
from the dust. 

Other Methods of Preparation . — There are times when it 
is impossible to pulp the coffee ; the pulpers may get out of 
repair, or the weather may be so untoward that the cherry does not ripen sufficiently, or becomes 
too dry for pulping. In these cases, the cherry must first be fermented ; the best way to do this 
is to place it in one of the tanks, or, if the quantity is too small to nearly fill a tank, in an old 
box or cask, and cover it with sacks or grass, or both. Here it is left until it acquires a good 
warmth. Wlieu the cherry, on squeezing, is no longer slippery, it may be taken out and spread in 
the sun to dry. For two or three nights, it need not be housed, nor will rain hurt it. When 
dry, it may be stored for curing, 
like parchment coffee, but must not 
be mixed with it. To ferment the 
cherry by leaving it in a heap on 
the ground is a bad plan, for two 
reasons : first, because when fer- 
mented it becomes very wet, and 
collects dirt, which, in the aftrr 
treatment, will affect the colour of 
the coffee ; second, because in a 
heap, the fermentation cannot bo 
equal throughout the sample. Pulp- 
ing is performed whenever possible, as the increased trouble entailed by the other process is not 
compensated for by the alleged improvement of the flavour, and no better price is got in the market. 

The native coffee of the East Indies is dried in the cherry ; the dried pulp is then removed by 
pounding in common paddy-pounders, and the refuse is winnowed away in native baskets. Be- 
sides being tedious, ineffective, and expensive, the process gives a large proportion of damaged 
beans, and does not secure a regularity of colour. 

Packing and Shipment . — As soon as the coffee has been sized and garbled, it is ready for the market. 
It is best packed in air-tight casks, made from wood which is not likely to taint the coffee in any 
way. Bags are sometimes used, double, but are inferior to casks. In shipping coffee, great care is 
required to prevent its coming into contact with other merchandise which may communicate to it a 
flavour or odour. Vessels carrying coffee should have perfomted ventilating tubes from the bottom 
of the hold, passing through the cargo, and allowing the escape of the steam and gases generated 
during transit. Without this, the beans will be discoloured, and classed as “ country damaged,” an 
accident which cannot be covered by insurance. In well-ventilated ships, coffee loses about J per 
cent, in weight, but gains in quality ; under bad ventilation, there will be a gain of J per cent, in 
weight, but a loss of colour, and consequent depreciation in value. 

Market Varieties and Values . — The following list is intended to show the comparative prices (in 
shillings per ewt.) of the principal brands of coffee brought into the home market in 1878 and 
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1879: — Jamaica — good mid. to fine, 99-110, 103-126; low mid., 81-98, 92-102; fine ord. 60J-83, 
71i-90 ; good ord., 58-60, 68-71 ; ord. and triage, 50-56, 63-7. Ceylon (Native) — bold, 66-72, 
75-80; good and fine ord. 63-4, 70-4; small and ord., 50-61, 62-9 ; (Plantation) — fine, 102|-112, 
109-17 ; fine mid., 100-2, 106-8J ; good mid. 96J-9J, 103-5J ; mid. 93-6, 100-24 ; fine ord. to low 
mid., 82-92J, 84-99J ; mixed and triage, 62-81, 68-83. Other E ist India — fine and snp., 106i-15, 
110 28; good to fine, 1011-5, 107-91; mid. to good mid., 92-101, 100-64; fine ord. to low mid., 
77-914, 84-99; orJ., 70-6i, 72-82; Native, 68-72. Mocha — fine yellow, 102-10; mid. to good, 
93-100, 06-100; nngarbled, SO-2. Java — yellow, 77-94, 90-100; pale and mixed, 63-764, 75-89. 
Manilla — 54-65, 62-76. Singapore — 50-64, 58-75. African — 50-3, 52-7. Rio and Santos — washed, 
77-97, 83-101; fine ord. and sup., 56-70, 64-80; good ord., 54 5, 61-3 ; ord., 45-53, 48-60. La 
Gnayra — 62-90, 76-97. Coda Rica — fine, 91—100, 92-100; mid., 84-90, 80-91; ord. to fine ord., 
68-834, 66-85. Guatemala — 68-83, 70-85; mid. to fine, 84-97, 86-98. AIcw Granada — 70-98, 
80-107. Porto Rico — 75-100, 86-102. Also, occasionally, San Domingo — 60-75. Mexican — 65-84. 
Savaniila — plantation, 80-105 ; native, 62-78. 

The commercial value of coffee depends upon the form, size, colour, smell, flavour, age, and 
uniformity of the beans ; and on the presence or absence of stones, stems, and other foreign matters. 
The source is only partially valuable as an index of quality. Form is nut a sure guide as to 
source, as it varies in the same sample ; there are, however, tliree typical forms : — Mocha, small 
rounded (pea-berry); pointed Bourbon, medium sized, elongated, and pointed; and Martinique, 
large and flattened. Brazd, Martinique and Java coffees are of fairly regular size ; but those of 
San Domingo and Mocha are very irregular. As a rule, medium sized beans have the- best 
flavour. Colour depends entirely upon local peculiarities of growth and preparation; generally 
speaking, the coffees of the Old World are inclined to yellow, tliose of the New, to green. Weight 
decreases by keeping. Odour is a distinctive test, but requires long experience: — green Mocha 
resembles tea; Martinique and Jamaica, pure and pleasant; Porto Rico, less agreeable; Brazil, 
strung, varying in Rio and Santos ; Java and Sumatra, sharp; Manilla, very pronounced. Flavour 
is another .good test;— Mocha is best; Martinique, very agreeable ; Guadeloupe and Porto Bioo 
less so; Padang, inferior to Java; Sumatra, slightly bitter. As to impurities: — San Domingo is 
usually very dirty; Ceylon, East India, Rio, Santos, Martinique, and Java, generally well prepared 
and chan. The nutritive or stimuiatiug value of the sample depends upon the percentage of 
cafeine, which can only be ascertained by analysis. 

Imports and Duties. — The imports of coffee into the United Kingdom were, in 1874 
1,405,900 cwt. : 1875, 1,590,000; 1876, 1,362,600; 1877, 1,608,000; 1878, 1,270,000. The supply 
of 1878 was coutributed as follows ;— Ceylon. 500,000 cwt. ; Brazil, 201,000 ; Madras 157 000 • 
Central America, 156,000; British West Indies, 57,000; United States, 26.000; San 'Dorn'inoo' 
26,000; New Granada, 16,000; Bombay andScinde, 14 000; Straits Settlements, 14,000; Belgium,’ 
14,000 ; Aden, 13,000 ; West Coast of Africa (foreign), 10,000 ; Cape of Good Hope, 9000 ; Prance, 
9000; Germany, 9000 ; Asiatic Turkey, 5000 ; Biitish Honduras, 5000; Venezuela, 5000 ; Portn<j-al’ 
4000; Philippines, 3000; Spanish West Indies, 3000; Mexico, 1000; Holland, 1000; Bengal and 
Burmah, 700; Other Countries, 4000. The duties are; — ou raw coffee, 14s. a cwt.; on kiln-dried 
roasted or ground, 2d. a lb. 

The receipts (stated in cwts.) at the principal European entrepots during the first 11 months 
of the years 1876-7-8 respectively, were Hamburg, 1,508,000, 1,546,000, 1,482,000; Holland 

902.000, 1,509,000, 1,292,000; Havre, 710,000, 580,000, 823,000; Antwerp, 537,00(1, 479, OOo’ 
577,000; Trieste, 251,000, 225,000, 247,000. The irapoits (in cwts.) at Hamburg in the years 
1874-78 were:— from Sautos, 408,u00, 379,000, 379,000, 440,000, 471,000; Rio, 274,000, 396,000, 

395.000. 429.000.320.000, La Gnavra and Cnragao, 130,000, 175,000, 213,000, 183,000, 218,000; 
San Domingo, 85,000, 120,000, 115,000, 112,000, 82,000; Maracaibo and Coata Rica, 63,000,36,000, 

82.000, 82,000, 95,000; East Indies, 67,000, 54,000, 56.000, 80,000, 93,000; Other Countries’ 

313.000, 456,000, 323,000, 354,000, 316,000. In France, a duty of 156 fr. the 100 kilos, (about 

65s. 5d. a cwt.) is charged on coffee imixrrted directly, and an additional 20 fr. when it comes 
through a European entrepot. The imports (in quintals of nearly 2 cwt.) at Trieste, in 1877-78 
were:— from Brazil, 54,000, 74,000; Ceylon, 42,000, 41,000; Java, 9000, 12,000; Mocha, 385o’ 
4210; Malabar, 6000, 4000; San Domingo, 3430, 1690; La Guayra, 50, 1410; all others’ 500o’, 
4000. . ’ 

The imports into tlie Atlantic States of America were, in 1877, 152,327 tons; in 1878 
147,030 tons. Of the whole imports into the United Sides, in 1878, New York received' 68-74 per 
cent.; this was contributed (in millions of lb.) as follows: — Brazil, 148; Maracaibo, 25; Java 
and Sumatra, 16 ; Hayti, 16 ; La Guayra and Porto Cabello, 9 ; Coda Rica and New (Iranada, 5 ; 
Mexico, Africa, &e., 3; Europe (excluding Holland), 3; Jamaica, 1; Holland. 0-6; Singaiire' 
0-3; Bolivar City, 0-2; Curasao, 0-07; Ceylon, O'Oo; Porto Rico, 0-02; Cuba, 0-03; Manilla’ 
— ; Macassar, — . The imports (in millions of lb.) at San Fraucisco, in 1876-7-8 res’pec lively’ 
were:— from Central America. 8-5. 15, 14; Manilla 12, 1, 0 0; Java, 1, 0-4, O'S; Hawaii, O'l’ 
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0-15, 0-1; Rio. O'l, 0'25, 0'4; Ceylon, 0'045, — , — ; Tahiti, 0-005, 0-015, — ; Mocha, 0-005, 
0-002, — ; Mexico, 0-002, 0-002, 0-008; Peru, — , 0-003, — ; Chili, — , — , 0-0005. In America, 
there is no duty on coffee imported in berry. 

Consumption and Prospects. — The following figures, taken from the latest official returns, show 
the total Consumption (in millions of Ib.) of coffee in the chief countries where it is used, and the 
estimated consumption per head of the population; the figures in br.ickets indicate the estimated 
per capita consumption in 1873: — United States, 310:6-5 (7-6); German Umpire 218^:5-0 

( ); France, 120 : 3-25 (2-73); Holland, 70 : 18-0 (21 -0) : Belgium, 50 : 10-0(13-48); Austro- 

Ilungary, 361:1-0(2-13); United Kingdom 34J ; 1-0 (1-0); Italy, 28 : 1 -0 (1-0); Sweden, 
25 : 5-0 (6-11); Switzerland, 18 ; 6-0 (7-0); Norway, 13i : 7 0 (9-8); Russia lOi .- 015 (0-19); 
Denmark, 9 ; 4-5 (13-89); Greece, IJ : 1-0 (1-42 . From this, it would seem that the consump- 
tion of coffee does not increase at the same rate as the population, at least in the non-prodiiciug 
countries. In the East, on the other hand, it is said to be daily gaining favour with the natives. 
The comparatively trifling consumption in the United Kingdom may piobably be ascribed to-tlvree 
causes : —the competition experienced from cocoa, and good cheap tea ; the comparative ease with 
which these are prepared; and the extent to which coffee is adulterated. The spread of the coffee- 
house movement, and education of the people in the preparation of the beverage, shoidd effect a 
revival. Meantime there is abundant scope in foreign markets ; and if the Ceylon planters will 
only make a real and combined effort to stamp out the leaf disease, they may reap a double 
benefit, while Brazil, their great rival, is struggling against a disturbed labour market. 

Adulterants and Substitutes. — Scarcely any dietetic article is so persistently adulterated. Its 
sophistication by means of chicory (see Chicory) seems to be a recognized custom. Recently, a 
substitute for chicory has been introduced, under the name of “ mochara,” which is said to consist 
simply of ripe figs, roasted and pulverized. The preparation is stated to have been for some time 
in use on the Continent; but its introduction to English markets was, till now, rendered impossible 
by Customs restrictions. It is sold at about half the price of coffee. Another illus'ration of the 
modern craze for replacing every genuine aitide by an infeiior substitute is to bo found in the 
aimouncemeut of a company to work Henley’s patent for making coffee out of dates ! In New 
Zealand, the berries of Coprosma Bixueriin-t have been proposed as a coffee substitute. The seeds of 
Cassia occidentalis have been imported iuto Liverpool from the River Gambia, imder the name of 
“ negro coffee.” 

Coffee-leaves. — A decoction made from the leaves of the coffee shrub has long been used in the 
Eastern Archipelago, and has more recently been introduced to the coolies in Southern India. A 
few years since, it attracted consiilerable notice, and was recommended as a new article of import, 
to become a cheap substitute for tea. There seems to be no doubt that coffee-leaves contain the 
principle caffeine in sufficient abundance to make a valuable beverage, but the presence of an 
unpleasant senna-like wlour would militate greatly against its popularity. As regards price, it is 
said that coffee-leaves could he prepared (like tea) and shipped at 2ii. a lb., as against teas at 
6d. to lOd. There exists, however, the difficulty that depriving the tree of its foliage damages the 
crop of berries, and injures the tree itself; on berry-producing trees, therefore, only the leaves 
obtained in the ordinary pruning operations would be available, and these would seem to yield so 
small a supply as not to be worth the cost of collection. Growing the shrubs for leaf alone would 
be a very questionable undertaking; but there apjiears to be no valid reason why, in the event of 
the berry crop failing, a portion at least of the leaves might not be gathered and prepared, if any 
means can be found for removing the objectionable odour. It has been urged that the product 
would chiefly be employed to adulterate tea ; but, even if such were the case, it is manifestly better 
than many of the adulterants now in common use, and it is very doubtful whether the supply or 
the price would meet the requirements of the case. 

Local petails op Ccltcbe and Pbodcotion. — T he chief details of the local variations from 
the general modes of cultivation and preparation described above, together with special remarks on 
the peculiarities of soil and climate, and the latest available returns of the production, of the 
principal coffee-growing countries, are as follow .- — 

Arabia . — The culture of coffee in Arabia is almost confined to the district of Yemen, and is seen to 
greatest perfection in the Wady Nejran and the neighbourhood of Mecca. It is generally grown on 
terraces, up to an altitude of 3000 ft. on the slopes of the hills ; but some is cultivated on lower ground, 
surrounded by large shade trees. The soil is kept moUtby inigation. The harvest is gatlieied at three 
periods of the year, the principal being May'. Cloths are spread under the trees, which latter are 
shaken, that the ripe fiuit may drop. The cherries are then collected, and exposed on mats to dry 
in the sun. A heavy roller is afterwards passed over them to break the envelopes, and the parch- 
ment is winnowed away with a fan. They are fuither dried before being stored. The pulp is thus 
shrivelled up, and constitutes about 20 per cent, of the niass of prepared coffee. This method is 
peculiar to Arabia, and the produce is known by a distinct name— Kislir, — a decoction of which is 
the common beverage of the Arabs. The coffee is said to be improved by this way of curinn- ; but 
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the plan is possible only in a very dry climate. Most of the Arabian coffee is pea-berry. The 
high reputation it long held in European markets is not to be ascribed to superior cultivation or 
improved stock, but to the fact that the coffee was first shipped to India, and thence by round-about 
ways to Europe, so that it was generally two to three years old when it reached its destination ; — it 
has already been remarked how much coffee improves by keeping. Nowadays, genuine “ Mocha,” 
or Yemen, coffee is never seen westward of Constantinople; two-thirds of the total yield is 
consumed in Arabia, Syria, and Egypt, and the remainder in Turkey and Armenia. Even in 
Arabia itself, the bales undergo so much sifting and picking en route, that the quality deteriorates 
perceptibly as one leaves the centre of production. At the port of shipment, it is systematically 
adulterated or replaced by Abyssinian and other growths. The modern “ Mocha ” of the English 
market is principally contributed by the East Indies, and in a minor degree by South American 
States. 

Australia . — The mountain ranges on the northern coast of Australia, from Moreton Bay to 
Torres Straits, and other parts, are recommended for coffee cultivation. In Queensland, the plant 
has long been successfully grown; but it has not yet become an article of export, and the 
plantations have recently suffered much from disease. Though it thrives well in the neighbourhood 
of Brisbane, Cardwell and the northern districts, especially the sheltered ridges of the Herbert and 
Endeavour rivers, offer the most favourable conditions. C. Liberica is doing well. 

Bolivia . — Coffee of several varieties is grown throughout the whole of the Yungas district, and 
the best produce is reckoned not inferior to “ Mocha.” That cultivated in the plains yields the 
larger berries, but of inferior flavour ; that on the hills gives smaller fruit, but of improved quality. 
Very superior coffee grows at El Chaco; but it does not appear to be largely cultivated, owing, 
doubtless, to the greater profit yielded by coca. 

Borneo . — Coffee has been tried here in the gardens of the Europeans, and thrives remarkably 
well, producing a fine and well-flavoured berry. The Malays say that it is grown by tlie Dyaks of 
the Pontianak Eiver, for the use of that settlement ; but its cultivation on an extensive and 
systematic scale has not been encouraged, the Government probably not wishing to create a 
competition with Java, which so largely produces this berry. The hills on the mainland, opposite 
Labuh-an, would be well adapted for the cultivation, since here coffee might be grown without the 
trouble and expense of raising trees amongst the plantations, to protect the bushes from the sun, as 
is done in Java. On the lowlands, Liberian coffee has been introduced, and is doing well. 

Bourbon . — The coffee grown on this island onee enjoyed a European reputation, and was the 
mainstay of local prosperity ; but hurricanes, the decay of the trees used for shade, and the 
preference now given to sugar cultivation, have caused a great decline in the production of coffee. 
In 1817) the crop exceeded 7,250,000 lb., but in 1875, only 467,500 lb. were shipped. The land under 
cultivation with coffee is but about 5000 acres. Five varieties of the coffee shrub are distinguished 
by the natives, viz. : 1. Mocha, the first introduced into the island, superior to all others, easy to 
grow, but requiring shade trees for shelter; 2. Leroy, the Sierra Leone species, a hardy kind, 
growing readily without shade, and having a seed of inferior quality, pointed at one end ; 3. Myrtle, 
a Mocha variety, especiaUy remarkable for longevity, and abundant crops ; 4. Aden, with small, 
regular berries, and a peculiar aroma, cultivated in very small quantities ; 5. Marron, an indigenous 
variety, common in the forests of the elevated interior, with a curious pointed berry, of so stron" and 
bitter flavour that it cannot be used alone. ” 

Brazil. Brazil produces about as much coffee as all the remainder of the world. In 1874 it 
was calculated that nearly 1 J million acres were under coffee, and that the trees numbered about 
530 rnffhou. The provinces where the culture is mainly followed are Kio de Janeiro, Sao Paulo, and 
Bahia ; the ports are Bio, Santos, Pernambuco, and Bahia. Moi e recently, the industry has assumed 
considerable proportions in Minas Geraes and in Ceara, notably in the hills of Maranguape, Aratana 
Batunte, Aranfe, Machad.n, and Uraburotama. The total exports, besides a very large home con- 
sumption, in 1 878, were about 500 million lb. 


Coffee flourishes in most parts of Brazil, even where exposed to cold ; but in the latter case its 
fruitfulness diminishes, and becomes too in-egnlar to repay for cultivation. The ground is prepared 
by clearing and burning, or leaving the felled timber to rot, which it does in a year or two The 
young plants are usually procured from old plantations, and are put out at two years. Com and 
mandioca are grown between the rows til! the fourth year, when the trees are about 6 ft. high and 
bear ihe maiden crop. At six years, they bear fully, the crop reaching H lb. a free, on poor I’and ; 
3 lb., on medium land; and 4i lb., on superior land. An acre contains about 350 trees. The 
duration of an estate, even under the best circumstances, very seldom exceeds thirty years- and 
where the soil is light eight to ten years is the common limit. Five to 10 per cent, of the tre^s are 
annually destroyed by fungoid pests ; and planters have now to contend against a rising labour market, 
and want of hands. Owing to carelessness, little more than half the crop is really harvested! 

1 TT ™ P“lpi“g and other machinery for the preparation of the coffee; 

but the Brazilians generally follow another plau;_The cherry coffee is spread on terreu-os, large 
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smooth concrete pavements, or on bamboo frames, to dry in the sun. The berries become block and 
crisp ; at this stage, they are rubbed, to remove the pulp, and are then washed. The pea-berries 
are carefully separated, to be employed in the adulteration of Mocha coifee. Much of the remainder 
is sent into Europe under the name of Java, Ceylon, Martinique, and St. Domingo. It is also said 
that in Italy, Santos and Eio growths, especially the former, are largely imported for admixture 
with the more expensive Porto Rico. In Fiance, it is becoming a formidable rival to Malabar, 
Java, and St. Domingo. From its strong flavour, due probably to the mode of preparation, Brazilian 
cuflee improves more than any other by keeping. 

Cayenne , — CoflTee was at one time an important staple of this country, the variety grown being 
Mocha, for the cultivation of which the country is especially adapted ; it is now chiefly grown as a 
shade tree for cocoa, annatto, and other crops, though a few Government plantations are main- 
tained. The average production is scarcely 100,000 lb. a year; the shipments, in 1875, were but 
752 lb. The product is not, however, quite lost ; although temporarily abandoned, the trees 
continue to thrive in a wild state, and may be reclaimed hereafter. They attain a height of about 
15-16 ft., with a trunk 30 in, round at a few feet from the ground ; they are rich in foliage, but 
do not flower ; they also appear to be safe from the ravages of insects. 

Celebes.— The Minahassa district produces a very superior coffee; the kernels, instead of being 
opaque, and having a tinge of bronze, are trauslncent, and of a greenish-blue colour. The best are 
t.iose which have these characters, and, at the same time, are very hard ; this coffee commands a 
much higher price than that of Java, and is superior to any raised in the Archipelago, unless it may 
be some that comes from the highlands in the interior of Sumatra. The general character of the 
produce, however, is not good, too little care being bestowed upon its preparation. The crop is 
.subject to some variation, but the average yield of the Government gardens is never less than 
5,000,000 lb. The whole number of trees belonging to the Government is over 6 million ; but a 
large proportion of these are young, and therefore bear little or no fruit. Several private indi- 
viduals also own large plantations. The trees are found to thrive best above an elevation of 1000 ft. 
In some districts, the prxluce amounts to 2-4 Ib. a tree, while in others it is only i-| lb. It is 
packed in bags on the plantations, and is transported from the small storehouses in the interior to 
the large ones at Menado, where it is put on board vessels either directly for foredgn ports, or to be 
taken to Macassar, and thence be reshipped to Europe. 

Cey/o«.— This island is now by far the most important coffee producer of all the British posses- 
sions, occupjing the rauk once held by the West Indies. In 1877, it was estimated that the 
capital invested iu Ceylon coftee culture was nearly 14,000,000/., and a notable increase has taken 
place since. The hill region, covering on area of about 4000 square miles, is somewhat circular in 
form, and its most edevated parts rise to 8280 ft. above the level of the sea. Systematic coffee 
cultivation is almost exctusivtly confined to these hills, although irregular native garden planta- 
tions are found everywhere in the south-western portion of the island, even close to the sea beach. 
The favourite and most fruitful elevation is between 3000 and 4500 ft. ; but, in a few exceptional cases, 
estates descend almost to the foot of the hills, whilst others are situated at 5500 ft., and even 
higher. Native gardens, sometimes bearing good crops, may be met with along the coast actually at 
sea-level. In these cases, however, the plants will invariably be found growing under the shade 
of suitable trees, without which protection all chance of their thriving permanently would be out of 
the question. Tliese native gardens are, moreover, limited iu extent, and are generally richly 
manured, and often well-watered during the dry season. These conclusions are borne out in those 
districts where coffee cultivation has been attempted below 1000 ft. elevation, abandoned propeities 
ou every side bearing evidence that humidity and rainfall have been insufficient to neutralize the high 
temperature. In the neighbourhood of Kandy, there are properties which, even at 1800 ft., seem to owe 
their present existence chiefly to shade and irrigation. In fact, the climate which is most favourable 
for coffee, is that in which an Englishman will find little to complain of, except occasional malaria. 

There are now somefoity districts in which the cultivation is carried on, containing in all about 
1400 properties, of which over 1200 are in course of cultivation; these have a total area of about 
300,000 acres. The average crop per acre of laud in bearing has ranged, during the twenty years 
from 1856 to 1875, from 5 07 cwt. an acre (in 1868), to 2'75 cwt. (in 1874) — the general average 
for the twenty years being rather under 4 ■ 25 cwt. an acre. In 1856, the production, taking the 
average of two years (a good and a bad season), was 5 cwt. an acre ; in 1877. this had dwindled 
down to 3:43 cwt. At the average yield of twenty yeara ago, the island should, in 1877, have 
exported 1,120,000 cut. of plantation coffee, whereas it fell short by 30 percent. This reduced 
production per acre is griatly due to disease, but also to inefficient transport accommodation. Wiih 
these remedied, the standard of 4 cwt. an acre all round could doubtless be maintained. The 
native cultivation of cott'ee has usually been calculated to extend over 50,000 acres ; but it vai ies very 
much, according to the character of the season, the pric s of produce, and the cheapness of money. 

The most suitable soil is that which grows soft timber, and is dark chocolate-coloured, mixed 
with small stones, aud dotted with granite boulders. As the strongest and most continuous wind 
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comes from the south-west, it will be evident that this aspect is the worst that can be chosen ; 
neither would it he wise to select one directly opposite, this being exposed for some months of the 
year to the north-oast monsoon. A bleak and exposed aspect is one of those evils that can neither 
be mitigated nor remedied. The monsoons, blowing incessantly for three or four months together, 
are assailants which coffee bushes cannot withstand. Kortherly or easterly facings are perhaps 
the best, not being directly exposed to violent wind for any lengthened period ; the latter also 
gets the benefit of the morning sun. The season for beginning agricultural operations is October, 
or the early part of November, while the buildings shoidd be finished by the middle of January. 
Felling is usually commenced in Oetober-November, and the felled timber is left for fully six 
or eight weeks to dry. The best time for firing is Ist-loth of February, when the prevalent 
dry weather and not too violent north-east wind are favourable. Pitting should begin as soon 
as possible after the land has been cleared, say in January or February, and may be continued 
up to the end of June, or rmtil the rainy season sets in. This wet season, extending more or 
less through June, July, and August, is the only safe time for putting out the plants. Abimdant 
supplies of plants of all sizes are generally to be found growing wild in the forest, in the vicinity of 
obi estates. These, having grown up iu the shade, are generally lanky and straggling, and conse- 
quently require, before being planted out in the estate, to be “ stumped ” ; they are then very 
independent, and usually come on well. Where wild plants are not to be had, others can frequently 
be got from native gardens at a trifliug rate per thousand. When plants in sufiBcient number are 
obtainable in either of theoe ways, a nursery is but little required ; but in case the planter should 
not find his wants thus supplied, it will be advisable to begin making a nursery. The nursery is 
usually made in May-June, and should yield plants fit for putting out at the stime time in the 
following year. The best time to obtain seed is the end of October, when a few bushels of fresh berries 
of the new crop can be obtained from neighbouring estates. Over the planted seeds, a layer of 
rotten leaves may be spread two inches thick, the bed being then well watered at least once every 
three days, if the weather be dry, untd germination takes place. In about six weeks, the seeds 
will begin to force their way above ground, and to send a root downwards, when the layer of decayed 
leaves may be gently and carefully removed. If it is intended to put out plants that have grown 
for three years in the nursery, Hull recommends their being cut down to stumps in the beds 
in th'e December or January before the planting season; they will then throw out suckers, which, 
by July, will be 9-10 in. high. When these plants are put out, a couple of the most promising 
suckers may be selected, the rest being pulled oil’. These two (being those nearest the roots) may 
then grow together for a month, after which the weaker of the two is taken off, the other being 
left to develop into the tree. By this plan he was able, in one case, to pick a maiden crop of 2-3 
cwt an acre off plants that had been hardly eighteen months in the ground. Once the rains commence, 
the sooner the plants are in their places the better. Early planting is most desirable, as upon it a 
maiden crop may often depend. When the climate is hot, it will be necessary to erect a “ pandall,” or 
awning, to protect the young plants from the sun during the dry months. The shade must, how- 
ever, be removed on the approach of the rainy season, otherwise the drip will prove injurious to the 
plants, which, moreover, will be strengthened by such sun and air as they are likely to get at this 
time of year. Staking should be performed by the middle of May, before the commencement of 
the south-west monsoon. The blossom generally bursts forth in March, under the influence of the 
sliowers which usually fall in that month. About October, every preparation ought to be complete 
for gathering in the crop. The berries begin to ripen in October or early November, and con- 
tinue to come on until the middle or end of January. In some low-lying districts, however, the 
crop ripens more rapidly, and all must be got in within about a month or six weeks. The labourers 
employed on the plantations are largely drawn from Southern India, chiefly from the districts of 
Madura, Tinnevelly, Tanjore, and Trichinopoly, though Mysore furnishes a considerable contingent. 
These Coolies are brought over by Kamjanies, or native “ gangers,” who receive advances from the 
estate managers, to enable them to furnish funds for preliminary expenses, to each Cooly who 
enrols himself. The usual time for their arrival in Ceylon is between May and October; and 
for their return home, after the harvest. Local labour is also available for carpenter’s and similar 
work. 

The advantage of providing coffee with shade trees, at any elevation less than 2000 ft., is 
gradually being appreciated, and, in 1877, it was estimated that about 3000 acres of plantation 
coftee were growing under shade. It is evident, however, from experience gained at Hantane, 
Nilambie and Matale, that success depends much upon the kind of tree, and that the natural forest 
will seldom do, the coffee not prospering, and the falling trees doing much damage iu some cases. 
In Dumbara. cocoa has been planted among the coffee, profiting by the shade of the latter for some 
years, and then expanding sufficiently to return the favour. It is said that under this shade some 
of the worst weeds do not flourish ; but, remembering how very necessary is shade to cocoa itself at 
all stages of its growth, it is difficult to see what ultimate good can arise. Cocoa and coffee do not 
prosper on the same ground elsewhere, e.g. Central America, West Indies, Natal. In Lower 
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Matale, coffee growing under coco-nut palms is doing well up to the age of six years, and the coco- 
nuts are flourishing. More worthy of encouragement is the growth of shade-giving timber trees, 
especially subsoil feeders. Perhaps the best adapted for this purpose in Ceylon is the native jack 
(Artocarpus integrifolia), which attains a large size, and resembles, and belongs to the same family 
as, the bread-fruit tree. Its presence seems to be actually beneficial to the cuffee-plant, it is a sub- 
soil feeder, it produces a fruit much valued as food by the natives, its timber is valuable for cabinet- 
making and building purposes, and it flourishes best precisely in those situations where its shade 
is most required. As it will nut bear transplanting, a few seeds must be placed, a couple of inches 
below the surface, in each spot where a tree is required to grow, the strongest sapling being retained. 
The Loquat tree is planted along the roadsides on many estates, and coffee appears to thrive well 
under it ; it yields a useful fruit, but its timber is not apparently of much value. The castor-oil plant, 
which grows 6-10 ft. high in a year, bearing a crop in the first year, might perhaps be found 
useful in some cases, as it requires little care in cultivation ; but it cannot be strongly recommended for 
growth with coffee, being apparently a surface-feeder. Plantains or bananas, as planted for shade in St. 
Domingo, will not injure the coffee ; perhaps, for the first few years, till the jacks have bad time to 
grow, they might be useful. Trees for shade should not be so near each other as to prevent a free 
circulation of air, nor entirely to exclude the sun’s rays. They may, however, in hot situations, be 
grown tolerably close at first, it being easy to thin them out afterwards. In order to make the trees 
throw out wide leafy heads, they should be trained to single stems till 10-12 ft. high, all lateral 
branches being kept off. This will also tend to produce large straight timber. 

Estimates. — In the following estimates for the purchase of 300 A. forest land, and 200 A. 
grass land, bringing 200 of the former into cultivation and full bearing, the price of the former is 
calculated at 10/. an acre, the latter at 4/., and labour at 9d. a day, including Eanganies’ wages : — 

First year ; 1st October to 30th September following : — Land, 3800/. ; felling, burning, and 
clearing 50 A. at 45s., 1I2Z. 10s.; tools, 35/. ; coolie lines, 80/. ; conductor’s house, &c., 50'.; tem- 
porary bungalow, 50/. ; nursery for second year’s extension (100,000 plants), 37/. 10s. ; roads, 34/. 10s. ; 
lining out 50 A. at 5s., 12/. 10s. ; holing 50 A. at 5 ft. x 6 ft. = 1452 holes per A. at 25 for 9d., 
108/. 15s. : filling in, at 120 holes for 9d., 22/. 13s. 9c/. ; 75,000 plants at 10s. per 1000, 37/. 10s. ; 
planting 72,600, at 200 for 9cf., 13/. 12s. 3/. ; cleaning up and weeding 50 A. at 10s . 25/.; super- 
intendent, 120/.; allowances, 12/.; conductor, 45/. 12s.; contingencies, 50/. ; = total, 4647/. 3s. 

Second year (cultivation, 50 A., and extension, 50 A.): — weeding, 50/.; supplying vacancies 
10/. 8s. 6<f. ; repairing buildings, 20/. ; roads and trenching, 15/. ; replanting nursery, 20/. ; additional 
lines, 50/. ; tools, 25/. ; felling, clearing, lining, holing, filling in, and planting, aa before, 270Z. Is. ; 
road.-, 1 mile, 12/. ; cleaning and weeding, as before, 25/. ; superintendent, 182/. ; horse, 40/. ; con- 
ductor, 51/. 12s. ; contingencies, 50/. ; = total, 821/. Is. ft/. 

Third year (cultivation, 100 A., and extension, 50 A.) : — weeding, 100/. ; supplying vacancies, 
15/. 13s. ; repairing buildings, 30/. ; roads and trenching, 22/. 10s. ; replanting and manuring 
nurseries, 25/ ; topping and handling 50 A., at 7s. ft/., 18/. 15s. ; additional lines, 50/. ; tools, 25/. ; 
felling, &c., 50 A., as before, 270/. Is. ; roads, 1 mile, 12/. ; cleaning and weeding, 25/. ; pulping 
house, machiuery, and store, 400/, ; picking 850 boxes (125 cwt.) cherry, at IJ. a box, 24/. 15s. ; 
curing, at Is. a cwt., 6/. 5s. ; carriage, at Is. a bush, parchment, 31/. 58. ; superintendent, 262/.; 
conductor, 57/. 12s ; contingencies, 50/. ; = total, 1425/. 16s. 

Fourth year (cultivation, 150 A., and extension, 50 A.) ; — weeding, 150/. ; filling up vacancies, 
19/. 10s. Sd . ; repairing buildings, 40/. ; roads and trenching, 33/. 15s. ; partially replanting 
nursery, 12/. 10s. ; topping and handling 50 A., 18/. 15s.; pruning 50 A., at 15s., 37/. 10s. ; com- 
pleting store, &c., 400/.; picking 2850 boxes (425 cwt.) cherry, 83/. 2s. 6i/. ; curing, 21/. 5.s. ; 
carriage, 106/. 5s. ; additional coolie lines, 50/. ; tools, 25/. ; felling, &c., as before, 270/. Is. ; roads, 
12/.: cleaning and weeding, 25/.; permanent cattle sheds, 100/.; cattle, 75 head, at 3/, 225/.; 
keepers, &c. (6 men), 53/. 12s.; superintendent, 312/.; conductor, 63/. 12s.; contingencies, 50/. ; 
= total, 2108/. 17s. 9d. 

Fifth year (cultivation, 200 A.) : — weeding, 200/. ; filling up vacancies, 23/. 9s. 6</. ; repairing 
buildings, 50/. ; trenching and roads, 42/. 10s. ; nurseries, 12'. 10s. ; topping and handling 50 A., 
18/. 15s. ; pruning and handling ICO A., 75/. ; manuring 40 A., at 5'., 200/. ; picking 4850 boxes 
(.725 cwt.) cherry, 141/. 9s. ; curing, 36/. 5s. ; carriage, 181/. 5s. ; permanent bungalow, 500/. ; 
stock (25 head), 75/. ; keep of ditto, 53/. 12s. ; superintendent, 362/. ; conductor, 69/. 12s. ; con- 
tingencies, 50/.; = total, 2091/. 7s. ftf. 

Sixth year : — weeding, 250/. ; filling up vacancies, 25/. ; keeping up buildings, 50/. ; trenching 
and roads, 40/.; nurseries, 12/. 10s. ; pruning and handling 150 A. at 1/., 150/. ; ditto, 50 at 15s. 
37/. 10s.; manuring 40 A., at 6/.. 240/.; picking 6850 bo.xes (1025 cwt.) clierry, 199/. 6s, 6c/.; 
curing, 51/. 5s.; carriage, 257/. 10s.; stock, 150'.; management, 431/. 12s.; contingencies 50/.- 
= total, 1944/. 13s. 6c/. 

Seventh year : — weeding, supplying vacancies, maintenance of buildings and roads, trenching 
nurseries, and manure, as before, 617/. 10s. ; pruning, at 1/. an A., 200/. ; picking, curing, and 
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despatching 1200 cwt. crop, 593/. 6s. 8d. ; stock, management, and contingencies. 613/. 12s. ; = total, 
2024/. 8s. Sd. 


The balance sheet will then stand as under 
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_o 
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6 
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8 
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12 
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0 

0 
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0 

0 

Subsequent years : — expenses 

2000 

0 

_0 

By 1200 cwt. crop, at 90s. . . 

5400 

0 
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The yield of the crop is based on a first harvest of 2i cwt. an acre, followed annually afterwards 
by one of 6 cwt. an acre; these figures are now manifestly too high. As to the longevity of coffee 
estates, there appears to be no necessary limit to the life of the plant in its natural state and 
under suitable conditions of climate, soil, and culture, it may live indefinitely. In native gardens in 
Ceylon, there are many trees far above half a century old, and several of the earliest European 
plantations still thrive and yield at upwards of forty years of age. The price of land has risen 
considerably since the introduction of Liberian coffee ; low-lying plots that ten years since were not 
worth 4 E. an acre, now sell at 20/. No export duty is levied in Ceylon. The exports were in 
1874, plantation, 635,938 cwt., native, 97,020; 1875, 813,401 and 115.205 • 1876 586 580 and 
80,585; 1877, 896,534 and 82,281. ’ . o o.oou auu 

(7o/om6/a.— According to Consul Mallet, the department of Chiriqui, in the interior of Colombia 
offers a fine field for coffee culture. Planting has already been introduced, but only in a amall’ 
way as yet. The fine lands lying along the slopes of the mountain ranges are said to be admirably 
adapted for the purpose. Land costs nothing, the climate is favourable, transport and labour are 
efficient and cheap. In other departments of the state, coffee culture is of old standing, the produce 
especially from Ocama and Ambalima, being of excellent quality ; it is, however, limited in 
quantity, and chiefly consumed in the country. 

Costa Sica.—CoSee raised on the highlands of Costa Bica and Nicar.igua is said to be unsur- 
passed in strength, and to possess an aromatic fiavour unknown to the best Eastern growths • that 
grown at medium elevations is of good quality, and though without the plump form and bluish tint 
of the upland produce, it compares favourably with Javan or Moluccau coffee. The cultivation 
suffers much from want of labour. The quantities exported in the years 1875-8 respectively were 
about 23i million, lOJ million, 24^ million, and 18 million pounds. The principal consumers 
appear to be Great Britain, California, and France. ^ 

Ecaacfor.-Iucreasing attention is being given to coffee cultivation in Ecuador, and the produce 
is of good quality. The exports from Guayaquil during the years 1S73-8 respectively were about 
700,000 ; 1,000,000 ; 1,000,000 ; 800,000 ; 1,000.000 ; and 100,000 pounds The crop orTsinas 
completely spoUt by heavy rains; the yield was very inferior m quality, and so low in quantity as 
not to surace tor local needs. ^ ^ 
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Guatemala— One of the principal coflFee districta has snffered largely from Indian distnrbances, 
exhanstion of the soil, and, perhaps, inadaptability of climate ; bnt for every tree abandoned in this 
section, 100 have been planted in new and better lands. Probably there have been 2,000,000 new 
trees planted, consequently the crop of 1880-81 should exhibit a marked increase over that of any 
previous season. The Vera Paz or Coban district, which has its outlet on the Atlantic, via Yzabal 
and Belize, has been specially sought after by Germans and Americans, and is being industriously 
developed in its cotfee-bearing qualities. The land and labour are cheaper than on the Pacific 
slope : bnt the yield per tree is very much less, being an average of 1 lb., while on the Pacific slope 
it reaches 3 lb., and even 5 lb. in some specially favoured l<x;alities. Nevertheless it is questionable 
which section will, in the end, produce the better results. Boddam-Whetham points out the exist- 
ence of several disadvantages in the country, viz. ; — the want of good roads, and the liability of 
losing most of the labourers at a moment’s notice, in the event of their being required for mditary 
service ; on some plantations too, water has to be conveyed in flumes from a distance. The 
advantages are that the climate is pleasant, as the plantations are situated between 2000 and 
4500 ft. above the sea-level, and that hitherto there has been no disease, all the conditions for good 
crops being favourable. Cuban coffee has a peculiar delicate flavour, anti the fine plantations that 
are gradually arising, point to a prosperous futnre for this section of Vera Paz. The crop of 1878 
was exported principally to the following countries : — California, about 7,500,000 lb. ; England, 
6,300,000; Germany, 2,800,000; France, 2,51,0,000 ; Belize (chiefly for England), 800,000; New 
York, 400,000 ; Belgium, 200,000 ; South America, 170,000. It was valued at 16 c. (100 c. = 4s.) 
a Ib. at the port, but was barely worth 13 c. In the lower districts, the beans are dried by being 
spread on a. patio ; at higher altitudes, they are placed in shallow trays with perforated bottoms, 
and a current of warm, dry air is made to circulate through the building. The coffee is transported 
mostly on Indians’ backs ; a bag (100 lb.) is a load, and 18-24 miles constitute a day’s journey, 
the pay for which is Od. , 

Guiana. — Coffee culture in this colony seems to have been at its height in 1803, when nearly 
10 million pounds were shipped. Since then, it has gradually declined, and, in 1874, the exports 
vrere but 40,000 lb. 

Honduras. — The soil in favoured spots is very fertile, and in the gardens of Machaquila and 
Peten Siik, are coffee-trees yielding 7 and 8 lb. of berries. In the neighbourhood of the Belize 
Eiver, Indian labour is available, and this side of the continent is much preferable to the Pacific 
slope, where much coffee is grown, on account of soil and climate, and more particularly as regards 
the efibct of the sun, for it is more or less cloudy here throughout the year, affording the requisite 
shade to the plant. The lands here at 500-2000 ft. above sea-level, are better than the hills in the 
interior, if for no other reason on account of the facility of transport. 

India. — Coflfee cultivation in some parts of Southern India, has remarkably increased of late. 
The following concise statement from official sources shows the condition of the culture in the three 
provinces of Madras, Mysore, and Coorg, in the season 1876-7 : — 

Madras. — Under mature plants, 49,350 acres ; under immature plants, 15,711 acres; total yield 
about 13J million pounds ; average yield per acre of mature plants, 268 lb. 

Mysore. — Under cultivation, 115,315 acres; total yield, abont bj million pounds ; yield varies 
from IJ to 103 lb. per acre. 

Coorg. — Under mature plants, 35,150 acres; under immature plants, 9000 acres; total yield, 
about 12 million pounds ; average yield per acre of mature plants, 339 lb. 

Large reserves fit for coflfee-growing still exiot in the Nilgiri Hills ; but the Government is 
unwilling to encourage further deforestation. In the Wynaad di-trict, there are reckoned to remain 
200,000 acres of reserve suitable for coflee. The chief seats of the culture are the Wynaad, the 
Nilgiris, Mysore, Coorg, and the Shervaroy Hills. The Wynaad, officially divided into north, 
south, and south-east, is a district in the collectorate of Malab.ir, about 70 miles by 25. Its coffee 
is conveyed to the coast for curing and shipment, that from the northern division to Tellioherry 
and that from the south to Calicut, principally on pack bullocks. The Nilgiris are a spur of the 
Western Ghat range, running eastward, and form a bold and lofty group of mountains, containing 
the culminating elevation of this part of India, at upwards of 8000 ft, above the sea-level. The 
slopes adjacent to the approaches to Ootacamund are covered with coffee plantations on every side. 
Labour is not over abundant, the climate being found rather too cold and wet for the natives of the 
low countries ; but many advantages of soil and climate render the district eminently suiteil for 
coffee cultivation. Some of the plantations are situated as high as 6000 ft. The port of shipment 
is Calicut, to which the crops are couveyed for a considerable distance by wattr. The Shervaroy 
Hills are situated in the centre of the Madras Presidency. Coffee cultivation has not made great 
progress so far, nor is the yield large. Possibly these hills are situated too far fiom the sea-coast, 
the climate being thus too dry ; but by the judicious use of shade, such, for instance, as that of the 
jack-tree, this difficulty might be overcome. The district possesses great advantages in connection 
with labour supply and cheap transp >rt, being tapped by the Madras and Beypoor Bail way. In 
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Mysore, the principal districts where coffee culture is carried on are Mnnzerabad and Nugger. 
The slopes of the hills that rise on the plateau of Mysore are thickly clothed with plantations ; and 
on the Bahabuden range, there is hardly a spot fit for coffee raising left unoccupied. The produce 
fetches the highest price in the London market. The port of shipment is Mangalore. This 
district furnishes labour to Coorg and the Wynaad. The district of Coorg is some 60 miles in 
diameter, and its estates may be divided into three classes, each having peculiar advantages and 
drawbacks — the Mercara, the Ghat, and the Bamboo districts. The Mercara plateau varies in 
elevation from 3500 to 4000 ft., and is equally exposed to monsoon rains and dry easterly winds. 
It is well watered, the rainfall reaching 121 in., and being equally distributed throughout the 
year. Great precautions are needed against wash ; shade is not usually required. The Ghat 
district was originally covered with thick forest, thus yielding a rich soil, whose fertility was 
increased by abundant humidity of climate. The estates have, however, been much injured by 
constant deforestation, by wash, and latterly by drought, and its attendant evils. The Bamboo 
district has an elevation of 3000-3300 ft., and an annual rainfall of about 65 in , gentle and 
seasonable. The ground is undulating, and the soil is very rich, not being exposed to wash. 
Shade is essential. 

The seasons and operations in Southern India resemble in general those of Ceylon, but possess 
some peculiarities worth alluding to. There are distinct zones within which coffee will succeed ; 
this is especially the case in Mysore, as has been admirably illustrated by Lewis Eice, in his 
exhaustive work on these regions. The raising of nursery plants is much more dilBcult on 
account of long drought and dry winds ; abundance of water is, therefore, of vital importance. A 
northern aspect is best, being most moist during the dry season, and possessing the most uniform 
temperature : but it will be modified either eastwards or westwards according to the locality, so as to 
suit the prevailing wind. On the western slopes of the coast ranges, the south-west monsoon bursts 
with such force that coffee cannot withstand it ; in that situatisn, therefore, an easterly tendency 
of aspect is imperative. Further inland, the drier and hotter climate will compel a westerly devi- 
ation, so as to catch as much as possible of the monsoon rains. In the western or wetter districts, 
shade is inadmissible: in the eastern or drier districts, it becomes a necessity. The plan of 
leaving individual trees when the forest is cleared, is an objectionable and obsolete way of securing 
shade. With the first rains after the bum, there springs up an abundance of saplings of the 
charcoal tree {Sponia Wijhtii). In two years, it forms an ample shade for the coffee plants ; but 
as it grows older, the foliage becomes thin ; the tree, moreover, is but short-lived, and its timber is 
soft and watery. While, therefore, it affords an e.xcellent temporary shade, it must not be relied 
upon for permanent shade, but be replaced by other growths ; being extremely light, its removal 
need not damage the coffee. It must be cut down while still living, as its death is said to kill the 
coffee under it. For permanent shade, preference seems to be given to the jack-tree, as in Ceylon ; 
but the Bauhinia, Poinciana regia, mango, and others have their admirers. In Mysore, all coffee 
grown is subjected to an excise tax of 4 annas (6c/.) a mauml (25 lb.) ; in Coorg, there is no excise 
tax, but a land tax as follows ; — for the first four years, nil ; 5th-9th year, 1 rupee (2a.) an acre ; 
thenceforth, 2 rupees an acre. 

The following estimates (in rupees) for coffee cultivation in Southern India are based on the 
purchase of 300 A. of forest lands at 50 R., and 200 A. grass land at 25 E., bringing 200 A. of 
the former into full bearing ; labour, 4 annas a day, exclusive of maistries’ wages : — 

First year: — Land, 20,000 ; tools, 350; felling and clearing, 50 A. at 20 E , 1000 ; coolie lines 
and bungalows, 1203 ; nursery containing say 1 lac of pl.iuts, for 2Dd year’s extension, 250 ; roads 
to the estate and on the clearing, 230 ; lining out 50 A. at 3 E., 150 ; pitting, 50 A. at 5 ft. x 6 ft. 
say 1452 pits per acre at 4 as. for 20, 907 ; filling in pits, 151 ; plants, 75,000 at 7| E. per lOOo! 
562 ; planting 50 A., 90 ; cleaning and weeding, till 30th Sept., 50 A. at 6 E., 300 ; superintendent, 
1320 ; writer, 360 ; maistries, 10 per cent, on coolie labour, 417 : contingencies, 500 • = total' 
27,790 E. ’ ’ 

Second year (cultivation, 50 A., extension, 50 A.) .-—weeding, 900; filling up vacancies, 69 ; 
repairing buildings, 150 ; roads and trenching, 100 ; re-planting nursery, 133 ; additional lines' 
350 ; tools, 250 ; felling, clearing, lining, pitting, filling, planting, cleaning up and weeding 50 A. at 
last year’s rate, 2599; roads and trenching, 120; superintendent, ISOO; horse, 400; writer, 420; 
maistries, 408 ; contingencies, 500 ; = total, 8199 E. j ■ > . 

Third year (cultivation, 100 A., extension, 50 A.):-weeding, 1800; filling up vacancies, 
10 per cent, on 50 A., 69 ; and 5 per cent, on 50 A., 34 ; repairing buildings, 225 ; trenching and 
repairing roads, 150 ; re-planting nursery, &c., 166; topping and handling 50 A., 125; additional 
coolie lines, tools, and roads, as before, 720 ; felling, &c., &c., 50 A., as before, 2599 ; pulping-house 
store, and pulpers, 4000 ; gathering 1250 bushels cherry (say 125 cwt.), at 4 as., 312 ; curin=- at 
8 as., per cwt., 62 ; despatching to coast, at 10 as. per bushel parchment, 390 ; superiutend'’ent 
2620 ; writer, 480 ; maistries, 559 ; contingencies, 500; = total 14,811 E. ’ 

Fourth year (cultivation, 150 A., extension, 50 A.) weeding, 2700 ; filling up vacancies 
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139; repairing buildings, 400; roads and trenching, 250; nursery, 100; topping, handling, and 
pruning, 425 ; additional coolie lines, tools, and roads, as before, 720 ; felling, &c., &c., 50 A., as 
before, 2599 ; completing store and pulping-house, 2000 ; gathering 4250 bushels cherry (say 
425 cwt.), 1062; curing, 212; despatching to coast, 1328; superintendent, 3120; writer, 540; 
maistries, 789 ; cattle-shed, 1000 ; cattle (75 head), at 30 S., 2250 ; keepers, &c. (6 men), 432 ; con- 
tingencies, 500 ; = total, 20,566 E. 

Fifth year (cultivation, 200 A.) : — weeding, 3600 ; filling up vacancies, 173 ; repairing buildings, 
500; roads and trenching, 400; nursery, 100; topping, handling, and pruning, 850; manuring 
50 A. at 40 E., 2000 ; gathering 7250 bushels cherry (725 cwt.), 1812 ; curing, 362; despatching to 
coast, 2265; permanent bungalow, &c., 5000 ; cattle (25 head), 750 ; keepers (6 men), 432 ; superin- 
tendent, 3620 ; writer, 600 ; maistries, 981 ; contingencies, 500 ; = total, 23,945 E. 

Sixth year ; — weeding, 3600 ; filling up vacancies, 175 ; buildings, 500 ; roads and trenching, 
500; nursery, 100; pruning and handling, 2000; mamuring, 2500; gathering 10,250 bushels, 
2563 ; curing and despatching, 3715 ; stock, 1200 ; superintendent and writer, 4220 ; maistries, 
1000 ; contingencies, 500 ; = total, 22,573 E. 

Seventh year: — cultivation, 9375; gathering, 12,000 bushels cherry (1200 cwt), full crop, 
3000 ; curing and despatching, 4350 ; stock, 1200 ; management, 5220 ; contingencies, 500 ; = total, 
23,645 E. 


The balance-sheet will then stand as under : — 



Ist year : — To expenses .. 

.. E. 27,790 

By balance 

. B. 27,790 

2ud year -To balance . . 

27,790 

By balance 

.. 35,989 

„ „ „ expenses . . 

8,199 




35,989 


35,989 

3rd year : — To balance . . 

35,989 

By 125 cwt. crop, at 45 E. 

5,625 

„ „ „ expenses .. 

14,811 

By balance 

.. 45,175 


50,800 


50,800 

4th year : — To balance . . 

.. 45,175 

By 425 cwt. crop, at 45 E. 

.. 19,125 

„ „ „ expenses .. 

.. 20,566 

By balance 

.. 46,617 


65,742 


65,742 

5th year : — To balance . . 

.. 46,617 

By 725 cwt. crop, at 45 E. 

.. 32,625 

„ „ „ expenses .. 

.. 23.945 

By balance 

.. 37,937 


70,562 


70,562 

6th year : — To balance . . 

.. 37,937 

By 1025 cwt. crop, at 45 E. . 

46,125 

„ „ „ expenses .. 

.. 22,573 

By balance 

14,386 


60,511 


60,511 

7th year:— To balance .. 

14,386 

By 1200 cwt. crop, at 45 B. . 

54,000 

,, „ „ expenses 

.. 23,645 



,, „ „ balance .• 

15,969 




54,000 


54,000 

Subsequent years ; — To expenses 23,645 

By 1200 cwt. crop, at 45 E. . 

54,000 


Among other Indian districts where coffee cultivation has been tried, it is reported from Chitta- 
gong that it yields 9, and even 12 cwt. an acre, and that thousands of acres of excellent land can be 
got near navigable rivers, and where manure and labour are abundant. The joint culture of coffee 
and tea is strongly recommended in this district, labour being available for each in its season. 
It has been tried, but with little success, in the neighbourhood of Darjeeling. It seems very 
doubtful whether occasional cold will not always be a bar to the general spread of coffee in N. 
India. 

The quantities and values of the coffee exports from British India (excluding Ceylon), for the 
last five years of whicli statistics have been issued, were respectively 1874, 40,815,040 lb.'; value 
1,487,41D.; 1875,34,925,072 1b.; value, 1,305,3351.; 1876,41,662,4321b.; value, 1,627,027/ ’■ I 877 ’ 
33,874,768 lb. ; value, 1,345,882/. ; 1878, 33,300,624 lb. ; value, 1,338,499/. ’ ’ 

The drought of 1877—8 affected the coffee plantations, and would of itself sufliciently account for 
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diminished exports, if the leaf disease and the borer did not help to keep down the yield. The 
average value per cwt. was a little higher than in 1876-77, having been just over 45 rupees 
as compared with 44 '4. The United Kingdom and France are the two largest consumers of 
Indian coffee, although in both countries it is subject to excessively heavy duties. The Austra- 
lian colonies consume large quantities of tea and coffee ; but they take neither the one nor the other 
from India. Producers in India have hitherto found a ready market in Europe for their whole pro- 
duction, and have had no inducement to essay the opening of a trade witli Australia. Nevertheless 
the trade would certainly become a source of considerable profit to India, and it would be well worth 
while to direct attention to the matter. The exhibitions at Sydney and Melbourne offer excellent 
opportunities for introducing these staples to the notice of the colonists. 

Java. — Java is the second largest coffee-producing country, nine-tenths of the culture being in 
the hands of the Government, and effected by forced labour. Around the estates a fence is planted, 
about 12 ft. from the outer row of the plants, generally of the jura’:, or castor-oil plant (Palma Christi'), 
intermixed with the dddap, or the silk-cotton tree ; and, in low situations, outside of this a ditch is 
dug, to carry off the water. These operations commence in August or September, and by the time 
the ground is in perfect readiness for planting, the heavy rains are nearly over. The plants are either 
raised from seed in nurseries, or the estates are supplied with “ stumps ” fi om wild or casual seedlings. 
Nursery plants are generally removed at six months, when they are about 12 in. high ; their after 
growth is so rapid, that in nine months they attain to 2-3 ft. in height, and at twenty months are 
6-8 ft. high, and capable of bearing f lb. prepared coffee per tree. The trouble and expense of 
nurseries in so hot a climate are, however, very great, and the second plan is often aiiopted. In 
this case, the plants grow more slowly ; but they become more lasting and haidy trees. The planta- 
tions are generally laid out in squares. The distance between the plants varies according to the 
fertility of the soil ; in a soil not considered fertile, a distance of 6 ft. is preserved ; but in a rich 
soil, where the plant grows more luxuriantly, 8 ft. x 4 ft. is the scale hitherto commonly used. 
Now, these distances are deemed too small, and new estates are being laid out at 10 ft, x 9 ft., and 
9 ft. X 9 ft. At all altitudes below 2500 ft., shade seems necessary, especially during the early 
growth of the coffee-bushes. The tree almost universally employed for this purpose is the dddap 
(Erythrina), of which several varieties are abundant throughout the island, the scrap, the dor!, and 
the warn ; the first is preferred as affording the greatest shade. It is propagated by cuttings ; and 
in selecting them for the coffee plantations, care is had that they are taken from trees at least two or 
three years old, and that they are 3-4 ft. long, of which 1 ft. at least must be buiied in the ground. 
After the dddaps are planted, holes are dug, lJ-2 ft. deep, for the reception of the coffee plants. 
It is a common saying that where the dddap flourishes, there also will coffee grow ; but they are not 
always coustant or necessary companions, for many gardens in high lands contain few dddaps. It 
is probable that in future these trees will be largely replaced by Acacia Julibrtssin (Albiszia 
Moluccana'), which grows very fast, and is superior for several reasons. Indigo is frequently planted 
among the young coffee, chiefly in order to keep down the weeds, but also to be used as manure. 
As the tree waxes, no attempt is made to train it, and it grows up with several stems as a native 
tree. It is pruned only when branches show signs of decay, or when the borer, which is very 
destructive, compels the planter to cut down the attacked stems. The weeds are dug up with 
mammoties, to a depth of 6 in., and piled in rows between the shade trees parallel to the lines of 
coflee. These weeds, among which is the alang-alang, and other fodder grasses, furnish valuable 
cattle food. When an estate shows signs of decay, the coffee trees are all cut down, the dddap trees 
being either felled or ringed near the roots, so that they may decay gradually and fall piecemeal 
to the ground ; the process of replanting is then repeated in the same manner as before. Thus the 
land may be replanted several times, and so rich is it that the last garden will bo better 
than the first. On the other hand, the climate is as a rule far too forcing for permanent culture. 
The average crop is very light ; and after 12-14 years, the yield is so small as not to repay the cost 
of harvesting. On estates below 1000 ft., the trees bear earlier and produce more, but do not 
last beyond ten years ; at altitudes of 3000-4000 ft., they may last 30-40 years. On many of the 
elevated plantations, the trees grow to a height of 30-40 ft., necessitating the use of ladders to 
gather the crop. Such trees are grown 25 ft. x by 25 ft. apart, on terraces 25 ft. wide, planted 
with grass at the edge, or all over, to prevent wash. These trees yield 6-7 lb. prepared coffee. 
The average produce of the Government plantations is reckoned, by' Jagor, at only J lb. a tree ; 
that of the few private estates at 1 lb. a tree ; the diflerence is attributed to the ill effect of forced 
labour. The methods of cultivation adopted by the private planters vary considerably ; in some 
instances, the trees are topped at 4-5 ft., and pruning is attempted, but the results are not 
satisfactory. The condition of the Government culture has remained stationaiy during the last 
forty years. The season affords what are termed three crops; the first is but small, the second 
is most abundant, and the thud is rather a gleaning. Owing to the scarcity of water the labourers 
convey the cherry coffee to their own homes, where they pulp and wash it with wuoden pestles 
Attached to every principal village, near which thcie are coffee plantations of any extent there 
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is a drying-house, to which the pulped coffee is brought; it is there placed on hurdles, about 4 ft. 
from the floor, under which a slow wood fire is kept up during the night. The roof of the drying- 
house is opened at morning and evening to admit the air, and the berries are frequently stirred to 
prevent fermentation. As the direct heat of tlie snn is considered prejudicial, the roof of the house is 
closed during the day. Tiiis operation is repeated till the parcliment is quite dry. The berries 
dried in this way are small, of a sea-green or greyish colour, and are supposed to acquire a 
peculiar flavour from the smoke, althougli it does not appear that any particular kind of wood is 
used for fuel. When dried in the sun, the bean becomes of a pale bleached colour, is larger, 
specifically lighter, and more insipid to the taste than the former. According to Jagor, a period of 
five to six weeks is required. The most common mode of freeing the bean from the parchment is to 
pound the berries, when dry, in a hag of buffalo hide, great care being taken not to bruise the 
beans. A mill of simple construction is sometimes used, but is not found to answer so well. The 
coffee beans are then put into bags or baskets, kept on raised platforms till the season of delivery, 
when they are carried down to the store-house, sometimes by men, but generally on the backs of 
buffalues and mares, in strings of 1500-2000 at a time. In some instances, however, improved 
machinery has been erected for pulping and curing the coffee on the West Indian plan. The crop 
of 1878 was estimated to be 20 per cent, below the average, chiefly owing to the drought of 1877- 
The finer elescriptious of Samarang (West Indian preparation), Buitenzorg (ordinary preparation). 
Government Preanger, and Government Padang, commanded high figures ; nearly the whole of the 
two latter brands was bought up for the United States at very advanced figures. Further large impor- 
tations of Liijerian cotfee seeds and plants took place during the year ; but from the short period of its 
trial, no reliable opinion can yet be formed as to its suitability. These importations were effected 
from or through English houses, Ceylon growths being prohibited on account of the leaf disease. The 
exports of Java coffee, from 1st July, 1877, to 30th June, 1878, stated in piculs of 122 lb., were, to 
Holland, 1,096,372; France, 14,767; Port Said, for orders, 6943; Italy, 5775; Singapore, 5079; 
America, 3993 ; Australia, 1107 ; Channel, for orders, 102. 

Liberia . — The Guinea Coast of Africa, and more especially the republic of Liberia, is remarkable 
among coffee producing countries, as the home of a peculiar species of coffee, formerly known as 
C. mkrocurpa, but now finally designated C. Liberica. It is distinguished from C. Arabica by much 
more robust habit ; it attains a greater height, and both leaves and fruit are larger and less delicate ; 
it also prefers low elevations. In its native country, this species grows as well near the sea (100 yds., or 
less distant), as thirty miles inland, and the wild plant is found even yet further towards the interior. 
The general temperature of the caist districts ranges between 22° and 31° (72° and 88° F.) in the 
shade, the maximum being 33° (91° F.) and the minimum 17° (62° F.); away from the sea, the 
temperatures decline l°-2° F., principally owing to the rise of the land. The limits of elevation 
are from sea-level on the coast to 550 ft. inland. It is as much at home on flat land as on hill 
slopes, provided always that the laud is drained. 

Though the cultivation of this plant in its native soil was started by the late President 
Eoberts, and is extending every year, attention has piiucipally been paid to its acclimatiza- 
tion in other countries. In Ceylon and Southern India, some hundreds of acres are already 
planted with it, and the movement is still extending. A point greatly in favour of the plant 
is the low altitude at which it flourishes, thus permitting the utilization of land otherwise 
unproductive. At the devatioiis where C. Arabica is best cultivated, this species refuses to 
grow, and perhaps the highest successful plantation is at about 1500 ft., at which height 
it was found beneficial to leave some of the forest trees as shade; probably the planting of 
coco-nut frees would be better. The young plants require careful protection from wind and extreme 
heat ; but soon become hardy. The size of the trees is such that an acre will not conveniently 
contain more than 450. At a greater elevation than 800 ft., difficulty is experienced in ripening 
the fruit. Planters are sanguine that a hybrid between the Arabian and Liberian species would 
flourish in the zone of 1000-3000 ft. The hope that the new species would be proof against leaf- 
disease has been somewhat disappointed ; nevertheless, the trees are very much less affected than 
the common shrub. The trees appear also to demand less rain and to withstand greater heat. On 
the score of longevity, there appears to be little difference between the two kinds. They mature 
early, and bare heavily ; one estate in Ceylon had trees yielding a ton an acre at 4 years old ; and 
7 cwt. an acre is said to be an average crop. The idea of its entirely replacing the longer known 
variety is fanciful, yet by cultivation and preparation much may he done to improve the inferior 
flavour and coarseness of the berry, which now prevent its being used alone. 

The plant has been largely introduced into other of our Colonies, into Brazil, and by the Dutch 
into Java. In the West Indies it grows exceedingly well, and bids defiance to the blight (Cemio- 
stoma coffecUum)-, it has a further advantage in this case that the ripened berries remain so long on the 
trees as to enable the crop to be gathered by few hands. It flourishes best on the “heavy bottom” lands, 
and in poor moist lands, and is recommended as particularly valuable for planting on cocoa estates. 
By grafting or inarching the Arabian species on stems of Liberica, an increased growth is obtained. 
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Madagascar . — Coffee grows well in most parts of Madagascar ; in recent years, large plantations 
have been formed along the banks of the rivers on the eastern side of the island. These are chiefly 
managed by Creole traders, who employ slave labour. Coffee already promises to become a very 
important article of export. 

Mexico. Though Mexico scarcely figures in the coffee-producing countries, its capacity and 
adaptability have been tested by successful cultivation. The productive regions are found on the 
sea slope of the mountains : on the Pacific side, from Guatemala, for more than a thousand miles to 
the north, till reaching a line of occasional frost in the State of Sinaloa ; and on the Gulf coast, from 
Yucatan into Tamaulipas, for more than a thousand mdcs. In addition, it flourishes in the valleys of 
the interior, wherever the table-laud is depressed to the level of tropical and semi-tropical vegetation. 
The elevation above the sea, at which it is cultivated, varies from 4500 ft., and even higher, down to 
nearly sea-level in many localities on both coasts. The production need only be limited by the extent 
of land brought under cultivation. Mexico as a coffee-producing country has been tested by more than 
fifty years of experience. That coffee has not assumed the first place in exportation is to be attributed 
to the same causes which have retarded aU development of the country. Hitherto, the production 
has been mostly consumed by the home demand, which is quite large, as coffee is in very general 
use by all classes ; but during the past few years, the cultivation has increased, so that a small 
exportation has commenced. The statistics of the port of Vera Cruz indicate a steady development of 
the export, which ought in a few years to become considerable 1871, 672,588 lb. ; 1872, 1,912 020 • 
1873, 3,909,446; 1874, 4,204,446; 1875, 5,375,678. 

The young plants are transplanted fiom the nurseries at twelve to eighteen months, to the 
fields, which are prepared in open forests, and on mountain sides affording shade. In open fields, 
a growing shade must be created, usually by planting bananas ; but the best cultivators set out 
cinchona and valuable timber trees, as oak, walnut, &e. The second year after planting gives a 
very slight yield of coffee ; the third year, about a half crop ; and the fourth year (or when the 
plant is five years old), a full crop. The plants are set out usually about three yards apart each 
way, though often closer. The cultivation consists in keeping the fields clean, and ploughino- ; 
in certain localities, irrigation is necessary ; the best planters prune carefully, keeping the height 
at 6-8 ft. The first flowering is sometimes as early as December ; the second, in February ; the 
third and most abundant, in March and April. The berries are dried by exposure to the sun, 
when they shrivel, and change to a black colour. They are then put into a mortar, and the beans 
are hulled or beaten out with a pestle, and are then separated from the parchment by the crude 
process of winnowing, though sometimes a fan-mill is used. So far, no disease of plant or berry 
has appeared ; and although great drought may diminish the crop, it does not destroy it. The 
flower, when in full bloom, is sometimes broken off by severe winds ; but this seldom diminishes 
the yield. 


The trees continue bearing for twenty to twenty-five years. There are, however, trees sixty to 
seventy years old, which are yielding a fine crop. The average yield per tree is about IJ lb., 
though with intelligent pruning and mamuing, it may be increased to 3 lb. a tree. It is not 
uncommon to find trees yielding 5-7 lb., and in very exceptional cases, 25-50 lb. each. After the 
plants begin to bear a full crop, the annual cost of cultivation, up to sale in local market, is 6-7 cents, 
a pound. The above remarks refer especially to the region around Cordova, which is at present 
the greatest producer of the republic, and the most accessible to the American market ; but 
several other localities are assumiug some importance. One of these is the district of Soconns'co, in 
the State of Chiapas, immediately upon the borders of the republic of Guatemala. Several 
foreigners and a number of resident proprietors have embarked in the cultivation. The special 
advantages presented here are cheapness of land and labour ; the chief impediment is the fact 
that this district is disputed territory, claimed by both Mexico and Guatemala, and the tenure and 
protection of property are insecure. The valley of Uraapan, in the State of Michoacan, has great 
celebrity for its superior quality of coffee. But the most noted region is the State of Colima on 
the Pacific coast ; its product is so highly esteemed that it commands a fabulous price in the Citv 
of Mexico, and more distant places iu the republic. The favourable report on sample lots sent to 
Europe in 1873 gave an impetus to the cultivation. Since that year, over one million plants have 
been set out, and are now beginning to bear: planting continues to inciease, and coftbe promises 
to become the principal article of export. The demand is so great that large lots fetch 27i cents 
per pound at the plantation, mainly for consumption in the interior, a small portion only beimr 
shipped to Germany by resident German merchants, on private orders. Colima and some other 
States, have passed liberal laws for the encouragement of coffee cultivation, offerin- premiums for 
the largest crop produced, and exempting coffee lands from all taxes. ° 


^atal. Coffee culture in this colony seems to be struggling against adverse conditions notablv 
the disastrous spread of the bark disease, for which nn cine has been found This is the m’ to b« 
regretted as the quality of the beans is very fair, and the demand for the aHiele is always grwin^ 
The causes of the disease do not seem to have yet been sufficiently investigated, and witLit thTs 
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there is little good in making snggestions as to shade, mannring, pruning, &c., as remedies. The 
evidence in favour of partial shade in many localities is strong ; for this purpose, local varieties of 
Erythrina might be used, as in Java, &c. One planter expresses himself very strongly on the subject 
of topping ; he condemns the adoption of a universal standard of height, and recommeftds for the 
coast lands, a height of 6-8 ft. ; and for the higher lands, ranging from Fields’ Hill upwards, about 
5 ft. Unlike Ceylon, elevation seems but little to affect the value of Natal estates ; but river-beds, 
and low, damp places, being liable to host, must be avoided. Too little attention, perhaps, has 
been given to irrigation in the dry season. The best months for making seed-beds are September 
or February : when the former is chosen, the seedlings should be ready for the nursery at the time of 
the autumn rains (March) ; when the latter, the spring rains (September-October). A safeguard 
against the young plants being scorched is found in large castor-oil leaves ; they are cut with about 
9 in. of staUr, and are stuck into the ground, between each plant and the sun, soon drooping, and 
forming sun-shades. The plants are said to begin bearing in eighteen months after transplanting, 
the yield gradually increasing till the 7th or 8th year, when they should give full crops. A fair 
average crop is put down at lib. a tree all round. Nearly all the crop is used in the colony or 
neighbouring republics, consequently the Customs returns only show a very small proportion of the 
annual yield ; it is impossible, however, that the entire yield of the colony has ever exceeded 
20,000 cwt. The exports were, in 187-1, 680 cwt. ; 1875, 363; 1876, 179; 1877, 91. 

Nicaragua. — A few coffee estates exist ; but the export is very trifling— some lOO-SOO lb. 
annually. 

Pacific Island-;. — Coffee has been successfully introduced into the Fiji and the Friendly Islands, 
and in the course of a few years it will probably form an important export. Trees raised from 
seed bear fruit in the fourth year. In the Sandwich Islands, the cultivation is also progressing, 
large plantations having been laid out with a view to supplying the markets of Sydney, California, 
and Chili. Almost the whole of the produce goes at present to the United States, the small 
remainder being taken by China and Germany. The total export, in 1878, was 127,963 lb. 

Peru. — Coflee grows luxuriantly on the mountain slopes, the crops often being so heavy as to 
necessitate artificial supports for the branches. Nevertheless, the export from Mollendo, the 
second port of the republic, amounted only to about 140 cwt., in 1878. 

Philippines, 4'c. — Coffee thrives remarkablydn the Philippines, and the berry possesses a peculiar 
flavour which is highly esteemed on the Continent, so that though it is by no means well prepared 
or nice looking, the worst brands fetch a higher price than Java growth, and the v.due on the 
spot far exceeds the current rate of the London markets. There are two kinds of coffee, viz. 
“ Manilla ” and “ Zamboanga.” The former is grown in the islands of Batangas, Indan, Laguna, 
and Cavite ; its price in place, in 1878, varied between IffJ did. and 22 dol. (dol. = 4s. 2d.) 
a picul (139J lb.) ; the beans are medium-sized, and pale-green in colour. The latter variety 
comes from Mindanao, and the southern islands generally. The beans are larger than the 
“ Manilla,” but yellowish-white in colour, and flabby in texture ; samples also always contain 
much rubbish ; local prices, in 1878, fluctuated from 17J to 21 dol. a picul. The exports of all 
kinds from Manilla weie, in 1877, 3843 tons, value 245,9801. ; and in 1878, 2306 tons, value 
147,5601. The propoition sent to Great Britain, in the latter year, was only 160 tons, and to 
British Colonies, 212 tons ; the remainder was taken by Continental Europe. Shipment is effected 
in bags of 150 lb., or in cases of 200-300 lb. In the islands of Cebu and Bohol, the natives have 
planted patches of coffee, and small parcels of “ parchment ’’ were offered in 1878. The quality is 
excellent, and the price stood at 14-16 dol. a picul. Small quantities, of inferior growth, from 
Yligan in Mindanao were offered at 12-13 dol. a picul. In Timor, the Portuguese are extending 
the cultivation among the natives; the trees mature early, cwt. of eoftee being obtained from 
fifty trees in 4-5 years. In Amboyna, also, a number of trees have been planted. 

Siam. — In the hilly districts of the East Coast of the Gulf of Siam, the cultivation is carried on 
to a limited extent. Some fine samiiles were shown at the Exhibition of 1862. 

Straits Settlements.— After a fair trial, it seems that coffee planting in Penang has not been a 
success. During the first 12-18 months, the plants grow well, and are strong ; but the effort of 
bearing fruit, under the influence of long-continued drought, weakens them so that they lose 
foliage and fidl a prey to disease. Under shade, on the plains, they stand better ; but the crop is 
very light, and often fails altogether. On the Great Hill, the plants bear better ; but the planta- 
tions are restricted to narrow limits. Liberian plants have been introduced into Singapore and 
Sarawak, and promise well. 

Sumiitni. — Among the Eastern Archipelago, this island ranks next after Java in the quantity of 
its produce, the cultivation having been largely adopted by the natives. The quality of ttie berry 
varies much ; the dark-yellow or brown are the best, the black are inferior. The annual crop may 
perhaps reach 20 million lb. 

Surinam. — A century ago, tl.is colony produced 7i million kilo, of coffee; this enormous 
quantity has gradually dwindled down to insignificance In 1875, the production was 37,357 
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kilo. : the export, 644 kilo. ; in 1876, the figures were 12,412, and 325 ; in 1867, 6179, and 159. 
In this last year, there was one estate planted with coffee and cocoa, and four with coffee and 
plantains. 

United States. — The Department of Agriculture, at Washington, has recently issued a circular 
relative to the possibility of coffee culture in some of the States, and is led to believe that the con- 
ditions of climate and soil will be found suitable in Florida, Lower California, and part of Texas. It 
is stated, indeed, that in the two former is found an abundance of wild coffee. In California, seed 
obtained from Costa Rica has been planted, and the results hitherto are satisfactory. 

Venezuela. — The annual production is about i million cwt., the best being grown in the cooler 
portion of the State. The crop is gathered in October ; the cherries are spread on hurdles exposed 
to the sun, where they ferment for 14-20 days, and then dry. Pulping is performed by machinery, 
and the parchment is winnowed away. The average crop is generally placed at ^ lb. a tree, which 
in some localities is reduced to J lb. 

West Indies. — The decline of coffee culture in the British West Indies since the emancipation 
of the negroes almost amounts to abandonment. It is commonly attributed in great measure to the 
ravages of the blight already described ; but it is evidently traceable rather to social influences 
and a faulty system of agriculture. Serious attempts are now being made to restore the industry to 
some of its former importance, so that a sketch of the principal conditions of successful culture 
may be opportunely given. The best soil is an open, dark-brown or reddish loam, 1-2 ft. thick, 
resting on finely disintegrated but undecomposed volcanic rock. Some of the finest ground exists 
on declivities which can be traversed only by planting the feet at the base of the coffee stems. On 
some hills of this character are now to be found trees 60-70 years old, which have been uprooted 
and have re-established themselves. In the face of this fact, the renovation of the existing 
abandoned plantations should be an easy matter. The trees should be relieved of the mass of bush, 
weeds, and “ provisions ” which now smothers them, and should undergo a judicious pruning, 
extended over three years if necessary. In this climate, shade and shelter are undoubtedly 
beneficial. On old, overgrown plantations, natural shade may be left when clearing, taking care to 
select trees of small foUage for the purpose. When laying out new estates, greater choice will be 
possible. 

In many instances, cocoa has been planted amongst the coffee, probably with a view of getting 
crops of both from the same ground. It is quite possible to grow them profitably on the same field ; 
but each must have its own sufficient space, and thus there is no gain ; besides, their habits 
of growth are unsuited to the arrangement. 

For the purpose of shelter, there is, perhaps, nothing better than the pois-doux tree, especially on 
inferior soils and in exposed situations ; hedges of it planted as a break-weather are to be found on 
every abandoned estate. The pimento is equally suitable, but is of slower growth. Neither is of 
any value as a shade-giving tree. Of all indigenous plants, the Moricypre [Byrsonina spioata') 
appears to be the most suitable as a protection against both sun and wind ; it is a small-leaved, 
fast-growing, medium-sized tree, and common everywhere. The distance from tree to tree will 
depend on the variety of coffee grown, and the character of soil and of situation ; but it is indicated 
by the principle of each plant being so far from its neighbour, that when all have grown to their 
fullest size, they do not touch by about 1 ft. Thus the distance may vary from 4 to 8 ft., or even 
more. A very important factor in the sum of influences whicli have brouglit the culture to its 
pri sent low ebb is to be found in the greatly diminished moisture of the climate occasioned by the 
wholesale destruction of the forests. This is especially the case with plantations on steep hill- 
sides ; and it remains to be seen what art can do to combat the difficulty. 

Cuba. — In 1847, there were over 2000 coffee estates, yielding nearly 50 million lb. annually; 
in 1851, sugar and tobacco had so far replaced coffee that the production fell to 13 million lb. ; 
and now Cuba imports coffee from Porto Rico. 

Dominica. — From an annual production of over 2 million lb., Dominica has fallen to nil. The 
effects of the negro emancipation and the coffee blight were, perhaps, felt more severely here than 
in the other islands. The export tariff is 13Jd. a cwt. 

Grenada.— At one time, Grenada coffee was one of the only three brands known in the London 
markets ; cocoa has now taken its place. 

Guadaloupe. — A century ago, this French colony exported 7J million lb. of coffee; in 1874, 
the exports were 625,200 lb. It nearly all goes to France as of Martinique growth. In 1873 there' 
were 3588 hectares under coffee, yielding about 1000 lb. a hectare ( = nearly 2 J acres). ' 

Hayti.— Hayti has fallen from a production of 80 million lb. in 1789, to 54 J million in 1874, 
chiefly owing to disastrous hurricanes. The exports in 1878 were, to Italy, 83 000 lb • Spain’ 
17,000; West Indies, 11,000 ; France, 3000 ; United States, 2000 ; Great Britain, 1400. ’ 

Jamaica.— This hilly island used to produce large crops of fine quality. The average annual 
shipment in 1805-7 was 28J million lb.; this fell to 4 million in 1864 ; but increased to over 10 mill ion 
in 1874. The export, in 1875, was 7,136,.327 lb. ; 1876, 8,707,552; 1877, 9,532,887 An export 
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duty of 6s. a tierce is levied. Eenewed efiForts are being made to extend the cultivation, and what 
appear to be rather extravagant hopes are being based npon the introduction of Liberian coffee. 
Some plants of this variety, introduced in 1874, were placed in cinchona propagating houses, and then 
distributed to planters at all altitudes ; those put mt at the lower elevations attained the greatest 
success. In Jamaica, common coffee is cultivated all heights, from the sea-level up to 5000 ft. 
The superior qualities, however, are only produced at heights ranging above 2000 ft., beneath 
which altitude the quality decreases in value as it approaches the level of the sea. As the 
peasantry, who are now the largest producers, almost exclusively cultivate their coffee below 
2000 ft., the acquisition of a species adapted to the climate of the lowlands is a matter of great 
importance. A gradual diminution in the area of plantation coffee is taking place. The soil of the 
Port Koyal Mountains, in which the best coffee is grown, is becoming more impoverished from year 
to year, and all the land adjacent to these plantations has been in a great measure exhausted by 
coffee cultivation, so that there is very little available land in their immediate proximity. These 
fields are confined to the southern slopes of the Blue Mountain range. The northern slopes, except 
near the sea, are covered with dense primeval forest, no attempts at cultivation having been made 
here, though these lands are tlie most valuable in Jamaica for coffee cultivation. It is im- 
portant, however, to bear in mind that the conditions of humidity differ on the northern and 
on the southern slopes. On the latter side, the destruction of the forest has materially lessened the 
moisture, thus rendering the climate comparatively dry. The area of unoccupied land favourable 
for coffee, including forest on the eastern prolongation of the southern slopes, may be roughly 
estimated at 60,000-80,000 acres, nearly all of which belongs to government. The total area in the 
island now under coffee cultivation, much at unsuitable elevations, is 22,000 acres. 

Martinique. — Here also coffee culture is declining, in spite of new lands being taken up. The 
acreage probably amounts to about 1400, the yield being reckoned at 500-1000 lb. a hectare 
(2J acres) ; the total production in 1873 was 210,000 kilo. ; it is mostly consumed in the island, 
France taking the little that is exported. 

Porto Rico. — Coffee cultivation might be extended here on now unproductive land. Considerable 
quantities are grown in the province of Ponce, and minor quantities in Mayaguez, Arecibo, and 
Aguadilla. The quality is excellent, and though not well known in England, it is valued in Latin 
Europe. Shade is provided according to the needs of each plant. The beans are garbled for market, 
and those intended for the Mediterranean are polished in a mill, with the addition of a little 
colouring matter when necessary. The exports in quintals (of 101 J lb.) were, in 1874, 199,488 ; 
1875, 256,485; 1876, 306,526; 1877, 137,140; 1878, 151,204. The destinations of the export of 
1878, were: Spain, 16,771; Italy, 15,406; France, 5908; Great Britain and provinces, 5472; 
Germany, 4279 ; United States, 34; other countries (principally Cuba), 103,334. 

Trinidad. — The coffee export reaches about 25,000 lb. yearly. There is said to be scarcely 
any part of the island where coflFee culture may not be profitably undertaken ; but the dis- 
tricts of Maracas, Aripo, and North Oroponche are regarded as possessing conditions not to 
be surpassed. The export duty is lljd. a owt. The island possesses a fine Botanic Garden, in 
which are grown some ten varieties, or sub-varieties, of coffee. Some notes concerning their 
peculiarities may be of interest (1) Liberian coffee seems to be regarded as a means of re- 
viving coffee culture in the Western Tropics. The plants thrive well in the ordinary red gravelly 
loam of the northern part of the island. From the nature of its growth, it must be planted widely, 
and topping is recommended at 7 ft. Prestoe advises an interval of 16 ft. between the trees, the 
space to be temporarily occupied by common creole cofiee, which would benefit by the shade, and 
afford a quicker return ; the latter are to be removed as soon as the Liberian plants require room, 
say at the 6th-7th year. (2) A narrow-leaved coffee received from Java seems well adapted for 
poor, rocky soUs. It resists drought, is very prolific, and has a large bean ; but it is slow of develop- 
ment. Its peculiar foliage enables it to withstand heat and drought, and renders it unliable to 
attack from insects and fungi. It should be planted at 6 ft. ; its sturdy but stunted growth is said 
to obviate the necessity for topping and pruning. (3) Souffriere coffee has been so named from its 
occurrence on the Souffriere Hills of Dominica, where the plants remained uniformly fruitful and 
healthy, while surrounded by creole and Mocha trees aU affected by blight and drought. The 
texture of the foliage makes it proof against insects ; the natural habit of growth is trichotomous ; 
and the bean is large. It seems suited for steep and barren hill-sides, and though less hardy than 
(2), it develops more quickly. (4) The Mocha variety is sub-divided into major and minor ; the 
former attains a height of 7 ft. ; the latter, formerly cultivated in the Maraval, St. Ann’s, and 
Laventille valleys, does not exceed 4-5 ft., yields a smaller bean, and is less prolific. The northern 
hills and valleys of Trinidad might grow both sub-varieties, major in the low ground, and minor on 
the hills. Prestoe says that as a rule they would become most prolific under full exposure (pre- 
sumably to the sun), after being established by the shade afforded by such crops as pigeon-peas, &c. 
Even such a scorching as to cause a partial shedding of the leaves he considers beneficial. (5) 
Bengal coffee differs from the others, in a very compact growth, small and long bean, and a 
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preference for dense shade. Its peculiarly-shaped bean places it among second-class coffees as 
regards market price ; but it is recommended for planting with cocoa, when this system of double 
cropping is practised. 

Bibliography. — J. B. A. Chevalier, ‘Du Cafe’ (Paris: 1862); W. G. Mclvor, Laborie’s ‘Coffee- 
planter of St. Domingo ’ (Madras : 1863) ; A. R. W. Lascelles, ‘ Nature and Cultivation of Coffee’ 
(London; 1865); C. E. A. Le Comte, ‘Culture et Production du Cafe dans les Colonies’ (Paris: 
1865) ; W. H. Middleton, ‘ Manual of Coffee-planting ’ (Natal : 1866 1 ; W. Sabonadiere, ‘ Coffee- 
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Coffee Production ’ (Aberdeen : 1878) ; T. Christy, ‘ New Commercial Plants ’ (London : 1878 — ) ; 
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del Cafe en la Costa Meridional de Chiapas.’ 

(See Beverages — Coffee). 

CONDIMENTS.- See SPICES. 


CORE. (Fk., Biege ; Gee., Kori.') 

The bark of trees consists, inwardly, of a parenchymatous or soft cellular tissue, and, outwardly, 
of a harder woody tubular tissue, the latter being generally the more abundant. If the growth of 
the parenchyma be prolonged and rapid, it will assume a more or less cork-like character, as in the 
case of some of the elms, the common oak, and many other trees. This peculiarity is developed to 
an exceptional degree in one species of oak, which has been named, from this circumstance, Qwrcus 
suber ; it is the bark of this tree which constitutes the cork of commerce. 

The tree is an evergreen, growing to a height of about 30 ft. ; its acorns are edible, and resemble 
chestnuts in taste. It does not require a rich soil, but seems, on the contrary, to thrive best on poor 
and uncultivated ground. It is indigenous to the basin of the Mediterranean, and was introduced 
some years ago into the most temperate of the United States of America, for acclimatization. The 
principal cork-producing countries are : — 

Portugal, especially the province of Aleutejo. This cork is inferior to the French, but superior 
to the Italian, and is mostly shipped from Lisbon. 

Spain, particularly Catalonia and Valencia. 

Italy (Tuscany). A lighter and whiter variety than the Sardinian, and considered the second 
best imported to this country. 

Sardinia produces a kind easily distinguished by its colour and weight, being pinkish-hued and 
heavier than the Tuscan or African sorts ; said to be the best imported by im. In 1861 it was 
reported that the cork forests of Sardinia and Corsica had been in a great measure destroyed by 
improper working. ■' 

France, most abundantly in Languedoc, Provence, the environs of Bordeaux, and the Depart- 
ment of Var. ^ 


Africa, whose product is reckoned inferior to Tuscan. In Morocco, there are several cork forests 
notably at El Araish. Algeria seems to be peculiarly favourable to the development of the cork 
oak, the climate having a uniformly high temperature, with profuse nightly dews while the dry 
warm, open hill sides are covered with a sufficiency of light soU. The cork thus becomes finer 
more elastic, less porous, and more free from earthy particles than in Europe The tree attains a 
l„p, Th. la* I. i„ Ih. i., „ 

drying is completed by artificial heat. There are over million acres of cork oak forest in this 
province of which about 300,000 acres are utili^d. It is said to be capable of producing as much 
cork ^ all the rest of the glol^, only the people could be kept to peaceful agriLtural pursuits. 

The tree attains to as great size m Britam as m Spain, and might be an object of cultivation in 
some of the warmest parts of these islands ; but there is every probability that the wetness of the 
climate would seriously impede the operations of the cork harvest 

Portuguese acorns were planted, in 1859, in Wayne County, Mississippi, and all grew; the 
largest tree, eleven years later, measured 13 ft. m height. The trunk hafattained a dSmeter of 
11 in., and the cork bark was more than 1 in. thick. In 1872 thn i . 

extended to Southern California. ‘ 
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From a correspondence which has taken place between the director of Kew (Jardens and the 
Crown agents for the Colonies, on the subject of a supply of cork oak acorns to the Cape, it appears 
that the experience of sending them out to the Punjab proved that they lost their vitality very 
rapidly, and it became necessary to rely eventually upon a supply of young plants raised at Kew, 
and sent out in Wardian cases. Numerous cork oaks, however, already exist in the neighbourhood 
of Cape Town, and bear acorns freely, and it is believed that if these were systematically coUected 
and sown, an adequate supply of young seedlings would very soon be procured. 

In the humid district of Western Port, Australia, imported cork oaks grew 4 ft. in one year. 
Two other species of Quercus are found in Australia, viz. Q. pseudo-suber, and Q. occidmtalis ; the 
bark of the former is inferior for cork ; but the latter, which is hardier than Q. suber, is said, by 
Professor von Mueller, to produce a very good cork bark. 

Among the conditions necessary to successful cork-culture, climate and soil are foremost in im- 
portance. In the Mediterranean basin, the tree favours altitudes varying from 1600 to 3200 ft. ; 
as regards latitude, it does not flourish beyond 45*^ N. ; while the minimum average annual tempe- 
rature must not be less than 13° (55° F.). The most generally suitable aspect is southerly. Slopes 
are always preferable to flat lands, as affording a more free circulation of air and admission of light. 
Considerable care should be shown in the selection of the soil. It is said that the tree in a wild 
state is found only on the older geological formations, as granite or clay-slate ; and the experience 
of cultivators is that the best cork, and the most rapid growth, are produced on granitic, siliceous, 
and slaty (Silurian) soils, while the tree almost refuses to grow on calcareous soils. It requires 
abundant moisture combined with eflBcient drainage. 

Planting is usually performed with seed. As a rule, large sweet acorns develop into trees of 
regular growth and yielding the finest cork; while small and bitter acorns produce trees of a coarse 
and inferior nature. The most approved method of planting appears to be the “ furrow ” or “ belt 
system, which consists in sowing the acorns at 20-40 in. apart in a furrow between two or more 
rows of grape-vines, placed at 5-7 ft. apart. Tiie sowing and planting are conducted simultaneously, 
the vines affording shelter which is so necessary to the cork tree during its early growth. Tlie 
young cork trees a^psiltoned out as required, so as to afibrd abundance of air and light to each. 

French sivicultorists recommend an average of 110-120 trees a hectare (about 2| acres), and 
calculate the production of cork at about 8 kilo, (say 18 lb.) a tree. The trees should be barked 
according as they arrive at maturity for the operation, rather than at fixed intervals independently 
of their condition. It is highly important to keep the forests cleared of the naturally-shed virgin 
cork, on account of the chances it ofifers of creating a conflagration. 

The distinguishing feature of the cork oak is that parenchyma forms the mass of the brrk. In 
the earliest stages of its growth, it is much less elastic than it ultimately becomes, owing to its con- 
taining, in the first instance, a large proportion of woody matter. The outer casing of the bark is 
formed during the first year’s growth, and does not subsequently increase ; but the parenchyma con- 
tinues to grow, as long as the tree is alive. In consequence of this phenomenon, the pressure of the 
growing parenchyma beneath forces the outer shell to split and peel off in flakes. The substance 
thus shed under natural conditions is known as “ virgin cork ” ; it is very coarse and of woody 
texture, its applications being, for these reasons, very limited. But the forcible removal of the cork 
bark, when performed in a judicious manner, is fortunately unattended with any evil consequence 
to the tree ; on the contrary, the operation seems to hasten and assist the growth of the bark, 
improving its quality, at the same time that the tree waxes more vigorous, and attains greater 
longevity, trees which are regularly barked living to 150 ye.ars and upwards. 

The age at which the first stripping may be attempted varies, with the locality, from fifteen to 
thirty years, the former being the most general. The yield much resembles the naturally-shed 
virgin cork, and is commonly included under the same term. Subsequently the barking is repeated 
at regular intervals of eight or ten years, the quality improving on each occasion. The second crop 
is, also, still too coarse for any but inferior uses. The cork harvest, as it may be called, takes place 
in the months of July and August, when the second sap' flows plentifully. It is conducted in the 
following manner. An incision through the cork bark is first 
carried round the tree near the ground ; then a similar cut, parallel 
to the first, is made just under the first branches; these are 
united by others of equal depth drawn longitudinally, and dividing 
the bark into broad planks. The instrument employed in the 
barking operations is a sort of axe. Fig. 508, the handle of which 
is flattened into a wedge-hke shape at the extremity ; in short, it is 
not unlike the axe used in this country for barking the common oak. After cutting, each plank 
is loosened from the tree by tapping it smartly, and, when thus isolated, its dislodgment is 
effected by inserting beneath it the wedge-shaped handle of the axe used in making the incisions. 
Occasionally the planks, after being cut out, are left to shed themselves, by the natural process 
resulting from the growth of the living bark beneath. The greatest care must be taken that the 
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incisions do not penetrate to the inner bark, or the life of the tree would be destroyed. The 
thickness of the cork layer thus removed la seldom less than | in. nor more than 3 in. According 
to the 23rd article of the laws regulating cork culture in France, the minimum thickness at 
which the bark maybe removed is 0'023 metre (say 0‘9 in.); on the other hand, no good can 
be gained by allowing it to exceed the ordinary thickness, as the extra amount would only cut to 
waste. 

The freshly out cork planks, or “ tables,” as they are called, have a natural transverse curve, 
corresponding with the shape of the tree from which they have been peeled. In order to flatten 
them, they are either heaped one upon another (with the concave side downwards) in deep trenches, 
plentifully moistened with water, and pressed beneath huge boulders ; or, simply placed with the 
convex side towards a fire, and kept there till the heat has removed the warp. Previously to this 
operation, the variously sized “ tables ” wiU have been reduced as nearly as possible to uniform 
dimensions of about 3§ ft. long by 1 J ft. wide. The next step has for its object the closing of the 
pores of the cork, as non-porosity is the quality which chiefly determines the value of the article. 
The finest kind is compact and firm, without being hard, of even texture or graiu, and slightly pink 
in colour. The most common method of filling up the cavities in crude cork is by placing the tables 
before an open fire, and heating them till the surfaces are partially charred or singed, the heating 
being conducted with great care, and] the sides changed constantly. The objection to this process 
is that it causes the secretion of an empyreumatic oil, which is given off, and may be taken up by 
any liquid with which it comes in contact. An attempt was made to avoid this evil by using young 
cork, whose texture was already so close as not to require heating ; but this was attended with 
little success, as the young cork was too thin for ordinary purposes, and could only be used by 
cementing several layers together. A much better plan, now often followed, is to boil the tables, 
scrape the surface, and then dry them in the sun. The pores are more effectually closed, and the 
sun-dried variety has none of the blackness of that dried by artificial heat. The “tables” are 
tied in bundles for transport to market. 

Cork is not the only product of the cork oak. The inner bark of the tree contains about 12 per 
cent, of tannin, whose properties resemble those of catechu rather than ( ain of most other 
vegetable matters. It affords scarcely any of the light fawn-coloured depogi* called “ bloom,” and 
it is doubted whether it is susceptible of conversion into gallic acid. It is not in favour with 
tanners, principally because it imparts a dark colour to leather on which it is used, and also because 
it yields no bloom. Its tannin is more dasily extracted than that present in English oak bark, and, 
when used, it is generally mixed with the latter, or with valonea. Marseilles annually imports large 
quantities of it ; in Jtaly, it is almost exclusively used in tanning sole leather ; and, years ago, Ireland 
imported 8000 to 10,000 tons annually. It is only produced where the trees are most abimdant,a8 
its collection entails their destruction. (See Tannin.) 

The uses of cork among ourselves are pretty generally known ; but some of its applications where 
it is indigenous seem sufficiently curious. In Spain, beehives, kitchen pails, pillows, and window 
lights are made of it ; in Portugal, it forms the roofing of houses, linings for garden walls, and 
fences for poultry yards ; in Italy, images and crosses are carved out of it, footpaths are paved with 
it, and it is sometimes used in the buttresses of village churches ; in Turkey, it forms cabins for the 
cork cutters, and coffins for the dead ; in Morocco, it appears in the form of drinking vessels, 
plates, tubs, and house conduits ; and in Algeria, shoes and wearing apparel, saddles and horse- 
shoes, armour and boats, landmarks and fortifications, furniture, stable-racks, and doorsteps, all 
consume their share. In England, its greatest and most important application is the manufacture 
of stoppers for bottles and other vessels, which are always known as “ corks.” Until recently, these 
corks were all cut from the “ tables ” by hand, and, though several machines have been invented for 
the purpose, many are still manufactured by manual labour. The workman sits at a bench, which 
has a ledge round it, to prevent the corks falling off. The knife (Fig. 509), which has a very thin 
and sharp blade about 6 in. long, tapering, and with a trun- 
cated end, is either placed edge uppermost in a notch on the 
bench, or is held in the hand. By a few dexterous circular 
cuts, the cork is turned out of the table, the size corresponding 
with the thickness of the latter. Wine-corks, &c. are cut 
across the grain ; bungs are cut with it. The Duchy of Olden- 
burg, in Germany, employs probably more hands in the cork cutting industry than any other 
country in the world, the yearly product amounting far into millions. The work is performed at 
home by the whole family, after the fashion of the tenement-house cigar makers. Prices vary 
but 5s. per diem is reckoned good wages; for the family to earn this sum, they must be skilled 
hands, and work hard for twelve hours. The spongy nature of cork necessitates that the edge of 
any instrument used to cut it should be brought into contact with it by a very drawin<^ stroke, 
and the edge becomes duUed so quickly that it needs robbing on a very fine-grained stone after 
every few strokes. 
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The chief obsiacles in the way of employing machinery for oork-cutting are the rapidity with 
which the edge of the cutter beoomee dull, and the necessity for providing the means of adjusting 
ttie cutter so as to economize tlie cork, by making slight deviations from the cylindrical form where 
such are rendered desirable by the shape of the crude block, in order to entail the least possible 
waste. 

The cork-cutting machine shown in Fig. 510 requires only one attendant, who works by hand, 
and releases the finished cork by a foot lever. It will cut corks or bungs either parallel or tapered, 
being provided with a second 

motion for taking off a second sio- 

cut when required, and a 
stop pin for gauging the 
thickness of the cut and the 
diameter of the cork at once. 

It will make corks and bungs 
from J in. to 4 in. diameter, 
and from j in. to 3 in. long. 

Ti,e chucks are thirty-one 
in number, varying from i in. 
to 3J itn diameter, the larger 
ones made of gnn-metal, and 
the smaller of best wrought 
iron. The manipulation of 
the machine is ea.sily learnt, 
and from 30 to 40 gross of 
corks can be lamed out per 
day of ten hours. 

At the Vienna Exhibition, E. Boethius, of Stockholm, showed an interesting set of cork-cutting 
machines, capable of being regulated to accommodate the cork, should it be too narrow or too feulty 
to yield a perfectly cylindrical cork. For cutting cork floats and other coarse work, hand-saws have 
been found to answer well, requiring less sharpening than knives. In tliese machines, however, 
knives are entirely employed, being kept sharpened by solid emery discs, revolving at high speed, 
arranged to maintain a razor-like edge on every blade. The work is divided into stages, a bottle- 
oork passing through four separate machines. 

The first operation consists in catting the “ tables’’ into strips of adjusted width, according to 
the desired length of the manufactured cork ; thence the strip is passed to a second machine, which 
trims down the thickness to correspond with the length. These are attended by a boy, and the 
cutters employed resemble toothless circular saws, kept as sharp as possible. Each of these machines 
provides material for five machines devoted to the third stage of the operation, by which the long 
strips are passed between a series of similar revolving cutters, and are delivered as corks in regard 
to their length, but square instead of round. The action here is self-regulated, and faults can be 
avoided as easily as by hand cutting. The fourth machine turns the square corks into cylindrical 
ones. The squares are put into a feeding hopper ; two spindles approach in line, grip each cork 
between them, and turn it round against the edge of a stationary knife, by which the cork is per- 
fected. The great point in these machines is the application of the emery wheel ; and in all the 
stages, women and children can be employed as attendants. About 8—10 per cent, of the corks 
need a little hand trimming afterwards. 

The following is an estimate of the cost of a factory with five cylindrical cutting-machines with 
aecessories, to turn out about 20 million corks annually : — 




Plant. 

£ a. d. 

1 Strip-cutting machine, say II2 0 0 

1 Trimming „ 112 0 0 

5 Block-cutting „ at 90/. 450 0 0 

5 Cylinder-cutting „ at 337/. 10s. 1687 0 0 

1 Whetting „ 56 0 0 

1 Polishing „ 28 0 0 

1 Sorting „ 84 0 0 

1 Steam engine and boiler (four horse-power) , . 500 0 0 

Plant for hand-cutting, sorting, &c 337 0 0 


£3366 0 0 
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Worhing Expenses. 

£ s. d 

540 0 0 
122 0 0 
39 0 0 

0 
0 
0 

- 33 0 0 


Whetting, 3 lb. emery at 18s. 2 14 0 

„ 60 lb. tallow at Is. litl. 3 7 6 

„ Wax 0 4 6 

6 0 0 

Labuue. 

Engineer 84 0 0 

Foreman 84 0 0 

Cutting cork into strips, 20 million at about Jd. per 1000 67 0 0 

Dressing ditto at Jd. per 1000 38 0 0 

Cutting into blocks, 13 million beer corks at IJd. per 1000 .. .. 132 0 0 

„ „ 3 million wine corks at 1^. „ .... 38 0 0 

Cylindrically cutting 13 million beer corks at IJd. „ .... 161 0 0 

„ „ 3 million wine corks at l|d. „ . . . . 44 0 0 

Sharpening knives for cylindrical machines 38 0 0 

Trimming 1,040,000 beer corks at Is. l|d. per 1000 58 0 0 

„ 240,000 wine „ 2s. 3d. „ 30 0 0 

Hand cutting 3,750,000 beer corks at 2s. 3d. „ 422 0 0 

„ „ 250,000 wiue „ 4s. 6d. „ 64 0 0 

Repairs 46 0 0 

Contingencies 22 0 0 


£2064 0 0 


The cost for hand cutting is stated thus: — 

Interest on capital required to furnish plant for a hand-cutting £ j. (j. 

factory with 75 workmen, say 4501. at 16 per cent 72 0 0 

Fuel for warming 40 0 0 

Knives, 60 dozen at 13s. 6d., say 40 0 0 

Tallow 2 0 0 

Wages : three cutting strips at 671. per annum, say 200 0 0 

„ cutting 16,750,000 beer corks at 2s. 3d. per 1000 1884 0 0 

„ 3,250,000 wine corks at 4s. 6d. „ 730 0 0 

Contingencies 64 0 0 


£3032 0 0 


Interest on capital at 16 per cent. 
Fuel, 570 tons coal dust at 3s. 3d., say 


Oil for machinery, &e. . . '. 

Knives, 20 circular at 11s. 3d £11 5 

„ 60 direct at 4s. 6d. 13 10 

„ 144 hand at Is. IJd. 8 2 


Perhaps the best cork-cutting machinery yet introduced is that devised by M. Povris Bale and 
Co., Saw-mill Engineers, 20, Budge Bow, London, who have kindly furnished the following in- 
formation and figures descriptive of their specialities. Figs. 511 and 512 represent a hand-power 
machine for cutting corks and bungs. The cork is cut into cylinders, by means of a plain steel 
knife, about 18-24 in. long, moving horizontally, and kept constantly sharpened by two small 
revolviug emery discs bearing upon the cutting edge. The squares of cork to be rounded are held 
.between spring centres, and, as the knife is pushed forwards, they receive a rotary motion by means 
of a lever and belt. One cork is rounded at each stroke of the knife, and is released from the 
spring centre by the elbow of the operator. The knife is fitted on an adjustable slide, to suit the 
various sizes of corks, so that a minimum of waste is produced. Suitable chucks are provided for 
cutting corks and bungs of various sizes up to 3 in. diameter. In working the machine, the follow- 
ing points should be attended to To give greater power to the spring E, which stretches the strap 
C, the lever is raised from E to F by the chain fixed at the end of ihe strap j to diminish the power 
of R, the operation is reversed. The rack K is advanced or drawn back, according to the size of 
the cork squares. The knife must be well adjusted to the squares, and the emery wheels must bear 
evenly on the cutting edge. The emery wheels are set in or out by loosening the screws under the 
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bracket. To make tapered corks, the screw on the bracket R is loosened, and the set-screws 1 
and 2 are turned from right to left, in order to cant the bracket carrying the knife to the required 
angle ; the screw of the bracket is again tightened up, after ascertaining that the bracket rests 
securely on the set-screws. To vary the size of cylindrical corks, the set-screws are raised or 
lowered. The complete machine costs only sixteen guineas ; by it, a lad can turn out 50-70 gross 
a day. It is said to be already in extensive use. 

An equally ingenious machine made by the same firm is one for cutting cork into sheets, for 
lining helmets, hats, soles, &o., for which purpose they are sometimes required to be as thin as 
paper. The apparatus which performs this very delicate operation consists of a circular revolving 
steel knife, ground sharp at its 
periphery; the cork, having 
first been out to the desired 
shape, is fixed in a movable 
chuck-plate, arranged to re- 
volve by hand, and fitted with 
an extremely delicate feed- 
motion, for bringing the cork 
to the knife, or rice tersd. 

Figs. 513 and 514 represent 
respectively a side elevation 
and an end view of a machine 
made by M. Fowis Bale and 
Co., for the disintegration of 
cork waste. The main body of 
the mill is made of' east iron, 
and is divided into halves. In 
the centre of the mill is a cast- 
steel disc, serrated at its peri- 
phery after the manner of a 
file, and movmted on a steel 
spindle, which revolves in suit- 
able bearings of phosphor-bronze. The interior of the mill, in which the serrated disc revolves, is 
fitted with a oast-steel periphery, and the slightest possible clearance is given to the revolving 
disc. The waste cork to be disintegrated is placed in a hopper, and forced in a solid mass 



513 . 


514 . 



through a narrow opening, and against the revolving disc, which operates upon it with the action 
of a file. When the powder attains the required degree of fineness, it is allowed to pass through 
adjustable screens or sieves, placed either in the bottom periphery, or in the sides of the mill. 
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The references indicate : — A, top half of mill ; B, bottom half ; C, Anted rollers for feeding in the 
cork waste, worked either by hand or by steam ; D, driving pulley ; E, pulley used when feeding 
by steam ; F, hand wheel for feeding by hand ; G, feeding hopper. The machine is said to dis- 
integrate about 10 tons of cork before the Ale-plate needs sharpening, which operation is performed 
by a bevelled revolving emery wheel. 

Further remarks on the disintegration of cork for the purpose of Aoor-cloth manufacture will be 
found under Floor-cloth. 

The principal application of cork is for stoppering bottles, after being turned by the machinery 
just described ; but it is also largely consumed in making life-boats and belts ; in thin sections, for 
shoe-soles and hat-linings ; for models and artiAcial bmbs ; and it is burnt to produce Spanish black. 
In France, it has been successfully applied as an insulator for boUers, tubes, &c., and for preserving 
the metal. Cork dust miiy be used in the toilette, as a substitute for rice and wood powders. Horse- 
collars stuAed with cork have been proved very superior, the substance being light, elastic, and a 
nonconductor of heat. “Virgin” cork is now largely employed in all kinds of rustic work. The 
produce of the second harvest is much used for making Ashing Aoats, being too coarse for better 
purposes. The waste from cork cutting, which generally amounts to a third, is applied to Ailing 
cushions and horse-collars ; as a stuffing for mattresses, it is the best substance in the world, being 
light and damp-proof, and forming a raft in case of Aoods or accidents at sea. It forms an admir- 
able lining for ice-houses ; and is largely consumed in the manufacture of cork carpets, kamptnlicon, 
and linoleum (see Floor-cloth.) In cork factories, it is often utilized as fuel. A novel application 
of waste cork in France is for the manufacture of paste-board : the ground cork is thoroughly 
incorporated with paper pulp, by means of mixing machines and heavy hollinder presses; the 
water is then expressed, and the material is dried. 

It is certain that the culture and use of cork were familiar to the ancient Greeks and Romans, 
though it was not then so largely employed as a stopper. In this shape, it appears to have been gene- 
rally introduced towards the end of the sixteenth century, since which time the industry has not 
ceased to grow in importance. Its most important seats are San FeUce de Guixois, Palafurgell, 
Palajos, Damius, and Junquera. The province of Gironde produces annually about 12,500 tons of 
cork, and imports an additional 3000 tons, all of which is made into bottle corks, the manufacture 
employing about 8000 persons. In the United States, there are about sixty cork manufactories, 
cutting corks to the value of about 450,0001. annually. The large cork works at Stockholm employs 
Ave cylindrical cutting-machines, with their complement of preparatory appliances, consuming 
about 16,000 bales of cork, and turning out about 20 million corks yearly, with the assistance of 
manual labour to the amount of ten women and children ; for dealing with the waste cuttings, an 
additional Afteen persons are employed, and, for sorting the corks, a further thirteen ; but this latter 
number will be reduced by the introduction of a machine for sorting them according to size, leaving 
only the qualities to be separated by hand. The total number of employe's is 45, representino- the 
work of 150 when cutting by hand. 

America, in 1877, was still importing cork bark at the rate of 120,0007 a year. France imported 
75,736 cwt. of crude cork in 1865. Italy consumes most of her production at home ; in 1875 the 
exports were about 575 cwt, valued at 6637, and, in 1876, 982 cwt., valued at 11037 Portuo’al is 
the largest exporter ; in 1876, the Agures reached 14,542 tons of rough cork, value 115,1107%nd 
925 tons of manufactured cork, value 32,8887 The imports of cork into the United Ki’nfrdnm in 
1878, were as follows ’ 


(d) Unmanufactured; 

Tons. 

From Portugal 6,264 

„ Algeria 362 

>, Spain J99 

„ France 93 

„ other countries 99 


7,017 

(6) Manufactured ; 


i.,o. 

From France 2,729,149 

„ Portugal 2,383.837 

>. Spain 476,910 

„ other counti ies 48,749 


5,638,645 


£ 

178,344 

10,094 

6,136 

4,106 

2,187 


£200, 867 


£ 

216,465 

163,372 

34,620 

3,590 


£418,047 
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The exports for the same year were : — 




(a) Unmanufactured : 

Tons. 


£ 

To Germany 

.. .. 431 


15,736 

„ Denmark 

.. .. 286 


11,521 

„ Bussia 

.. .. 159 


5,479 

„ Sweden 

.. .. 141 


5,655 

„ Norway 

.. .. 129 


5,312 

„ Austntlia 

.. .. 51 


1,952 

„ other countries 

.. .. 102 


3.475 


1,299 


£49,130 

(6) Manufactured : ' 

Lb. 


£ 

To Australia 

.. .. 281,403 


19,740 

„ Germany 

.. .. 71,918 


5,446 

,, Sweden 

.. .. 46,988 


3,925 

„ British India 

.. ,. 33,677 


2,781 

„ other countries 

.. .. 83,300 


5,605 


517,286 


£37,497 

The values of the annual imports for the four preceding years respectively 

were : — 

1874. 

1875. 

1876. 

1877. 

Unmanufactured .. .. £175,758 

£195,109 

£197,515 

£203,541 

Manufactured 390,882 

(See Floor-cloth ; Tannin.) 

396,078 

489,539 

491,503 


COTTON MANUFACTUBES. (Fb., Filature de Colon ; Geb., Baummllenmanufactur.') 

Cotton manufacturing, in its broadest sense, may be defined as the sum of the processes 
necessary to transform cotton — the seed down of Gossypeum herhaceum, and kindred plants (see 
Fibrous Substances — Cotton) — into yarn and cloth. The art is very ancient, having been practised 
in Eastern Countries from time immemorial. In those lands, the methods pursued have undergone 
little change since their first adoption. The marvellous perfection and beauty attained in the 
manufacture of Eastern textiles is the result of patient and persistent labour, continued through 
numberless generations, and which has led to the development of exquisite skill in the manipula- 
tion of simple instruments. This form of the art is, however, rapidly declining before the 
vigorous competition of the modern system, which in England has sprung up, and been almost 
perfected, during the last hundred years. The excellence of the latter is demonstrated by the fact 
that it has been atlopted in almost every country of Europe, and in America. Of late years, it has 
even gained a footing in India, the original home of the cotton industry, and there its remarkable 
development has threatened the existence of its primitive rival. It is to the environments, 
conditions, and processes of successful manufacture by this system — which may most properly be 
called the English system — that the reader’s attention will be exclusively directed. 

This object will be most readily attained by selecting for description the method of manu- 
facturing pursued in Lancashire, because this county is the birth-place of the system, and here it 
has received its highest development. The causes that have contributed to this result are 
manifold ; but only those of a permanent character need be briefly noticed. 

In Lancashire, all the conditions requisite for fitting it to become the seat of a prosperous 
manufacture of this particular exotic fibre are to be found. One of the chief of these is a humid 
atmosphere, which the district derives from its geographical position, lying directly in the track of pre- 
vailing westerly winds that come laden with moisture from the sea, tempering the severity of winter, 
moderating the heat of summer, and supplying perennial rains. These fall upon a geological 
formation composed of impervious rocks and clays, covered with only a thin layer of vegetable 
mould and are here retained, forming a subterranean reservoir, whence there arises a constant and 
great evaporation, that ensures the requisite humidity of the atmosphere — with few exceptions — 
the year round. The cotton industry is entirely — or very nearly so— located upon the Coal- 
measures, which form the mountainous portions of Lancashire and the adjacent counties ; and the 
chief towns in which it is carried on are situated upon the hill-sides, almost within the cloud-track, 
or in the moist valleys under the Shadows of the hills. The consequence is that the atmosphere, 
except during the rare occurrences of dry east winds or keen frosts, is sufficiently humid to preserve 
the pliability, and even to increase the strength, of the cotton fibre, during all the processes of 
manufacture. This feature contributes greatly to the success of the Lancashire cotton industry. 

Another natural advantage enjoyed by Lancashire, is the hilly character of a great portion of 
its surface, which favours the formation of numerous streams. These in early days furnished tlie 
motive power for turning the jennies, water-frames, and mules, when they had grown beyond 
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manual and animal power, and before the perfection of the steam engine ; and though the latter 
generally superseded the earlier motors, abundant water was still essential for condensing purposes. 
As the trade has grown, the streams have been supplemented by canals and reservoirs, by means 
of which large manufacturing towns have been brouglit into existence in places where they could 
not otherwise have flourished. 

On the adoption of steam as a motive power, the mineral riches of the district further assured 
the localization of the industry, which, even at that early time, gave promise of future atfluenee. 
Among the natural facilities of the district, too, must be included ready access to the sea, through 
the port of Liverpool, and thereby to the world. Nor would it be just to omit mention of the 
mechanical ingenuity and inventive talent of its operatives, and the readiness with which its 
capitalists encourage likely projects, tending to perfect the mechanism of the iudustry. 

Technically considered, cotton manufacturing may be divided into two great branches — 
“ spinning” and “ weaving.” The former includes all processes from the first handling of the raw 
material on its arrival in this country, untU the product becomes a commercial article in the form 
of “yam” ; the second embraces every operation necessary to transform this into “cloth.” Very 
frequently, both branches are united in one establishment ; but there exists a strong and growing 
tendency to separate them. A proper conception of the causes underlying this movement 
is very important. They will be explained under the headings to which they respectively belong. 

The Haw Matebial. — A few remarks at this point upon the nomenclature, countries of produc- 
tion, varieties, characteristics, and mechanical structure, of the raw material of the cotton industry, 
will obviate the necessity of much repetition in subsequent stages, and enable the reader to compre- 
hend more readily the difierent points as they come successively under notice. 

The cottons of commerce are generally distinguished by geographical names, borrowed from the 
countries in which the article is produced. The scientific designations conferred by botanists are 
unknown in the trade. The prevailing system of nomenclature is unsatisfactory, because it gives 
rise to arbitrary distinctions ; but custom and experience have obviated most of the practical 
difiaculties, and any attempt to effect a change would probably be quite futile. 

The chief contributors to the European supply are, in the order of their importance, as follows : — 
The United States, India, Egypt, Brazil, and Peru ; as well as numerous other places of less note. 
Besides the cottons indigenous to most of these countries, nearly all produce different varieties, 
generally grown from seed of the most popular kinds cultivated in the United States. The following 
are those usually quoted in the Liverpool Cotton Brokers’ Circular ; to them are appended brief 
descriptions of their important characteristics : — 


Country of 

Variety. 

Length of Staple. 

Growth. 

Max. 

Min. j 

Mean. 



in. 

in. . 

in. 


Sea Islands . . 

1-80 

1-60 

1-70 


Florida ditto 

1-85 

1-30 

1-58 


Upland 

1-20 

1-00 

1-10 


Mobile 

1-20 

•90 

1-05 



1-20 

•90 

105 

America ' 

Texas 

1-00 

•70 

•85 



•95 

•70 

•82 


Orleans 

1-20 

•100 

1-10 


Pernams 

1-50 

1-20 

1-35 


»» • • ' • 

1-40 

l-IO 

1-25 



1-30 

•90 

1-10 


Ceara Aracati, &o. 

1-30 

100 

1-20 


Paraiba 

1-30 

110 

1-20 

Brazil 

Santos 

Bahia 

•• 



Aracaiju, &c. 





Maceio 

1-30 

1-io 

1-20 


Maranhams . . 

, 

1-30 

1-30 

100 

■90 

1-15 

1-10 


Mean 
Diameter 
of Fibre. 


Description. 


in. 


j ? 


I A fine, silky, regular cot- 
ton of several varie- 
ties, American being 
beot. 


_i_ I Soft, and rather short in 
1 - B “ I staple ; usually clean, 
’ ’ j and best adapted for 

’ ’ [ weft. 

Firmer in staple than the 
above ; but contains more 
leaf, and is less bright in 
appearance. 

I The best and most re- 
gular of all tlie American 
I cottons. Some lots are 
very white, but leafy ; 
others of a creamy tone, 
but clean. 



\ 


Pernams toMaranhams are 
Brazilian cottons ; and, 
I as a rule, are harsh in 
staple, and give a wiry 
feel to yarns into whose 
composition they enter. 


I 
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Country of 
Growth. 

Varie^. 

Length of Staple. 

Max. 

Min. 

Mean. 



in. 

in. 

in. 


Egyptian .. 

1-60 

1-40 

1-50 

Egypt .. . 

Gallini 
,, brown 

1-50 

1-20 

1-35 


„ white 





Smyrna 

Greek, &c 





Fiji ; Sea Island 
Tahiti : „ 

1-90 

1-25 

1-70 



1-60 

1-30 

1‘45 


West Indian 

1-40 

1-20 

1-30 



1-30 

110 

1-20 


Hay tian 

Laguayran 


•• 



„ Sea Island 





Peruvian 





„ Soft Staple 

•• 

.. 



„ Sea Island 





African 


•• 



Surat 1 

1-20 

. 1-00 

110 


1-20 

•80 

1-00 

India 

Bengal 

1-30 

1-00 

1-15 

1 

Rangoon . . 
Ma<lras 


.. 



Mean 
Diameter 
of Fibre. 


Desceiptioh. 



I Brown Egyptian is soft 
and silky, whilst the 
white is usually hard 
and harsh. 

{ Harsh in staple, and cha- 
racterized by its irregu- 
larly twisted fibres 


I Very irregular in staple. 

Fair in staple, but cannot 
be relied upon through 
successive seasons for 
uniformity of colour. 


Exotic. 

{ Hard and soft varieties. 
The soft assimilates with 
Orleans ; the hard is best 
mixed with BrazUian. 

. . Exotic. 

UHarsh-stapled cotton, not 
j\ of a bright colour. 

1 ' The various classes under 
this head are fair working 
cottons : but the fibre is 
not so uniformly twisted 
as in Americans. 



I A’ luiu octt xautuu aua ■C'gyp* 
I tian seed. 

Low in character ; con- 
tains a large quantity of 
rormd and flat fibres. 


Cotton is valued according to the degree in which it possesses the special characteristics that 
best adapt it to the use for which it is intended. As its uses are multifarious, the raw material is 
classified in groups according to the probable wants of different consumers. The qualities chiefly con- 
sidered in classifying cotton are length of staple, fineness, strength, smoothness, colour, and cleanliness. 
American varieties are classed in four qualities : good ordinary, low middling, middling, and good 
middling ; South American, three : middling fair, fair, and good fair ; Egyptian, two : fair, and good 
fair : East Indian, three : fair, good fair, and good. Standard samples of these classes are preserved for 
reference, in case of dispute, in the offices of the Liverpool Cotton Brokers’ Association ; and it is 
customary amongst brokers to form a set of the classes in which they deal, and, after careful com- 
parison with the standards, to preserve them for easy reference when required. As, however, the 
crop of each succeeding year differs in some important respect from its predecessor, these standard 
samples are subject to considerable modification. According to the relative abundance or scarcity, 
fulness or deficiency, of special characteristics, the different varieties are classed up or down, as the’ 
cases may require. Thus, within a limited range, there is a constant fluctuation of the standard. 
The accompanying diagram (Fig. 515) shows the lengths of the staple in several representative 
varieties: 1: Sea Island, mean length of staple, 1-65 in. ; 2: Egyptian, 1-50 in. ; 3: Pernambuco 
1-25 in.; 4: American, 1-10 in.; 5: Port Natal, I’lO in. ; 6: Indian, 0-90 in ■ 7- Indian’ 
0-65 in. ■ ’ 


It will be obvious, from what has already been stated, that considerable skill and discrimination 
are required in selecting the right qualities of cotton for any required description of yam, as mis- 
takes cannot be rectified after the cotton has entered the first stage of manufacture. 

The mechanical structure of the cotton fibre is such that its perfect development has an 
important bearing upon its quality. As received in this country, mature or ripe cotton fibres, when 
placed under the microscope, present the appearance of irregularly twisted ribbons with thick 
rounded edges. The thickest part is the root end or base — that which was attached to the seed 
The diameter of the cylinder remains without material change, through probably three-fourths of 
the length, when it tapers off to a point. The accompanying illustrations admit of a comparison of 
the fibres of cotton at different stages of maturity. Fig. 516 exhibits a portion of mature fibre 
magnified ; and Fig. 517, sections of the same. The latter show it to be a collapsed cylinder the 
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walls, as compared with the bore, being of considerable thickness. Fibres possessing these charac- 
teristics are longest and strongest, and are considered well developed. But amongst the perfect 
fibre, there is always more or less of unripe, imperfectly developed, or dead, fibr^ according to the 
favourable or unfavourable conditions that have prevailed during the growth of the plant. 
The proportion of defective fibre naturally present is always largely inareased by the practice, on 
the part of cotton growers, of collecting the immature pods on the cotton plant, after the latter 
ba$ been killed by frost, or, from other causes, has 
ceased to grow. These are dried, and their lint 

is stripped from them, and added to the bulk. 

The appearance presented by the unripe fibre is 
greatly different, both longitudinally and in 
section, from that of the mature. In Fig. 518, 
the half-ripe fibre is shown longitudinally ; and 
in Fig. 519, in section. The least ripe form in 
which cotton, usually appears in commerce is 
depicted in Figs. 520 and 521. Though twisted 
almost as much as the perfect fibre, this last is 
thin, weak, and brittle: and, owing to the de- 
ficiency of cellulose, of which the walls of the 
mature fibre are composed, it is destitute of the 
corded edges seen in the latter. In sections, it 
appears like crooked bits of fine wire, showing 
little or no vestige of having been a hoUow 
cylinder. 

When these defective fibres are found in great 
abundance, they seriously detract from the work- 
ing quality of the bulk ; and it is an important 
matter, in judging of cotton, to be able to dis- 
tinguish them. This may be acquired by careful 
observation. In relation to these faulty fibres, 
the greatest circumspection needs to be exercised, 
in the seasons when the plant, with its load of 
bolls in all stages of growth, has been struck 
down by an early frost, for all the bolls are care- 
fully gathered, and their contents abstracted, and 
mixed with the perfect lint. 

The convolute form of the cotton fibre 
specially adapts it for its manifold uses. If it 
were cylindrical, like the fibres of flax and hemp, 
its shortness would prevent its holding together. 

But from their peculiar form, when twisted in the 
process of spinning, the fibres become firmly 
interlocked, by which means they may be made 
into a continuous thread, of considerable tenacity. 

When the finest varieties of cotton are employed, 
this thread is capable of remarkable attenuation. 

Lint gathered from the unopened or unripe pod, 
does not show these twistings in the fibre ; hence 
it is incapable, when spun into yam, of affording 
the same cohesive power, and produces defects 
wherever it occurs. The convolutions in the dif- 
ferent varieties of American cottons are more 
regular, uniform, and numerous than in those of 
other descriptions, and fully account for their 
acknowledged superiority. The naked eye is in- " 

capable of distinguishing these twists; but the 

micr^cope shows them to amount to from one to three hundred an inch, and close examination 
would probably show even a wider range than this. uuunuuu 

Many theories have been broached, and much ingenuity •„ i * 
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extremity, wMch is closed. They have their root in, and receive all their nutrition from, the seed. 
Whilst in a growing state, the fluids of the plant circulate freely therein, conveying to every part 
the necessary amount of nutritive matter. When maturity is attained, this operation ceases ; the 
juices are probably absorbed by the seed, and as they retire from the fibres, a vacuum is formed, 
first near the extremity, and subsequently along the length of each fibre, to its base at the junction 
with the seed. The pressnre of the atmosphere, acting upon this vacuum where it is first formed, 
causes the tube to collapse and twist, from its apex downwards to its base. The seeds of each pod, 

516 . 618 . 520 . 517 . 619 . 621 . 





ripening simultaneously, set up a commotion in the interior of the latter, by the general collapse of 
their fibres ; and the consequent re-arrangement of these, in relation to each other, causes the pod to 
burst, when the desiccating action of the sun’s rays expedites and completes the process. A further 
elucidation of this theory shows that it satisfactorily explains the whole phenomenon ; and though 
perhaps of no great practical utility, it is not without interest, as it appears to have engaged the 
attention, and to have baffled the penetration, of previous writers on the subject. 

Mechanical Treatment of Cotton. — ^As a preliminary to a detailed description of tho pro- 
cesses and machinery used in the various stages of the treatment of cotton, for the production of 
yam, and afterwards of textiles, the subject will be rendered more easily intelligible by drawing 
up a scheme representative of the general procedure; this will also afford an opportunity of 
defining the principal technical terms used, and will remove any confusion arising from their 
occasional employment in wide, restricted, or otherwise varying senses. 

Cotton Spinning . — This term, as previously indicated, is employed to describe in the aggregate 
all the operations involved in transforming raw cotton into yam : that is, into a single twisted 
strand, or thread composed of cotton fibre. The word “spinning” has also a more limited 
signification, being used to denote, as will subsequently be seen, the concluding process of the 
series. 

The manipulation, mechanical and otherwise, that cotton undergoes in being converted into 
yarn, from the state in which it is gathered from the plant, may be outlined as follows : — 

1. “Ginning.” — This is usually performed in the vicinity of the cotton plantation; the object 
being to remove the fibre from the seed of the plant, and partially to cleanse it from foreign 
matters. 

2. “ Packing ” or “ Baling.”— After ginning, the lint is in a loose state, and unfit for convenient 
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transport to distant markets . hence it is necessary to compress it into less space, which is ordinarily 
performed hy means of hydranlie presses. The package leaves the press in the well-known form 
technically called a “ bale,” in which state it passes through the markets into the hands of the 
spinners. 

3. “Mixing.” — Is the blending of different varieties of raw cotton, in order to secure 
economical production, uniform quality and colour, and an even thread, in any desired degree. 
Mixing is, in a measure, imperatively necessary, in order to neutralize the irregularities of 
growth, and imperfect classification, found more or less in all cottons. It is the first operation 
in a cotton mill. 

4. ‘‘ Willowing.” — This is a process of opening and cleaning cotton, which, except in the Oldham 
district, is not much used in modem mills, and is retained chiefly for opening and cleansing low 
cottons, waste, &c. 

5. “ Opening.” — In consequence of the heavy pressure to which cotton is subjected in packing, 
the fibres become strongly matted together ; the opening process is to loosen them, and to remove 
a portion of the foreign substances present. It is the present equivalent of willowing. 

6. “Scutching.” — Has a twofold object: viz. the further extraction of impurities, and the 
formation of a “ lap,” which is a web or sheet of cotton formed in the machine, and wound upon a 
small roller. In this web, the fibres lie in all directions. 

7. “ Carding.” — The foregoing processes have dealt with the cotton in bulk. In carding, the 
operation of opening is continued ; but the material is treated in its individual fibres, which are 
taken from the lap, further cleansed, and laid in a position approximately parallel to each other, 
forming a thin film, which is afterwards condensed into a “sliver”— a round, soft, and untwisted 
strand of cotton. 

8. “ Combing."— Is used for the production of fine yarns, or those of very high quality. Its 
object is to obtain nniformity in the length of the fibres undergoing preparation ; to accomplish 
this, all those shorter than the required standard are combed away, and rejected. 

9. “ Drawing.” — In this operation, several slivers, the product of the carding process, are 
combined, and attenuated to the dimensions of one of the component parts; the objects are to 
render the new sliver more uniform in thickness, and to place the fibres more perfectly in parallel 
order. 


10. “ Slubbing.” — Is a process by which a further combination of the slivers is effected, and the 

objects of drawing are more perfectly accomplished. The drawing or attenuation of the strand is 
now carried so far that it becomes necessary to twist it slightly, in order to preserve its cohesion, 
and rounded form. ' 

11. “Intermediate” or “Second Slubbing.” — Is in all respects a repetition of the above; 
necessary in cases where the most even and clean yarn is required. It is not ordinarily used in the 
production of low numbers. 

12. “ Eoving.”— This is a continnafion of the preceding, its principal object being to still 
further attenuate the sliver. At this point, also, the latter receives additional twist, to enable it to 
bear the slight strain necessary to draw it from the “ spool,” without the formation of uneven 
places. 


I he sliver is here atteBuated to the 


13. “ Spinning."— The concluding process of the series. „„„ « uere ai 

required fineness, and is given the twist by which the thread is completely formed, 

14. “ Doubling.”— In this series, may ^ included the process of doubling, it being much more 
akin hereto than to manufacturing. It is a large and increasing business, often carried on in 
conjunction with spinning, but frequently found quite apart. It is a method of combining two or 
more threads to form a single cord ; and is adopted in the production of many varieties of yam, 
■which are used for widely different purposes. 

The above processes, and the machinery necessary thereto, wiU be described in the order given 
excepting, however the first two, which wiU be dealt with in treating of the production of the 
raw materia (see Fibrous Substances). In performing this task, it is not intended to alhide to 
obsolete meth^s and machines, nnl<»s such reference will tend to elucidate the principles on 
which the modem system is based. Even with this limitation, it will not be possible toLke a 
general reader aequamted with every variety of machine that has met with, and still retains a 
certain amount of favour. * « 

The CoUon MUU—The considerations that influence the selection nf a r* • t.- 

fuel; secondly, an unfading supply of water, or means of preservino- it • thirrll,, „ ^ f 

means of access to the market, by road water, or rail; and, fourthly, 'an area withL“?hiA^n 
experienced <dass of operatives can be obtained. There are several other minor points, but they 
n.^d not be detailed As many as possible of these conditions should be found te the locality 

select^,asaU are highly important and ^eatly conducive t, The choice of site should 

carefuUy considered. A valley, protected from dry winds, and open to moist ones, is of great advan- 
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tage. The sabsoil should be of stiff, impervious clay, such as will retain the moisture in a subter- 
ranean reservoir, the evaporation from which will be constantly moistening and softening the 
atmosphere — advantages that have been previously explained. 

522 . 



The fittest materials for the structure will be dictated by the circumstances of the locality ; but 
in the presence of the conditions prescribed above, brick will generally be found most suitable and 
economical. Should it be requisite to provide a reservoir for water, any clay excavated for this 
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purpose, as well as from the foundation trenches, can be utilized for the mannfactnre of bricks. 
The methods of construction are various. The one formerly common — ^and, perhaps, even now 
cheapest in first coat — was a combination of brick or stone with timber. Another is the so-called 
“half fireproof” plan, in which that portion most liable to destruction by fire — until recently, 
considered to be that in which the preparatory machinery 
is worked — is constructed as far as possible without timber. 


But of late years, owing to the high speeds attained, the 
danger has extended to the mule-room. This experience has 
given rise to the most modern, and now generally approved, 
system, in which the whole structure is fireproof. There 
are several ways of attaining this end. 

The mill shown in Figs. 522, 523, and 524, from drawings 
kindly famished by A. H. Stott and Sons, mill architects, 
of Manchester and Oldham, is thoroughly representative of 
recent constructions, such as prevail in the great spinning 
districts of South Lancashire. The dimensions of the main 
portion of the structure would be about 295 ft. by 125 ft.^ 
accommodating 75,000 spindles, and the usual complement 
of machinery in connection. The foundations are of coarse 
rubble, on 1 ft. of mortar concrete. Those on which the 
columns immediately rest are of flag-stones. The walls are 
composed externally of pressed brick, and internally of 
_common brick. The window-sashes are of wood, glazed in 
the lower part vrith rough plate, and in the upper with clear 
glass. The floors are supported upon cast-iron columns, in 
which brackets or arms are cast. To these are secured rolled 
iron beams, the object being to get two arches in place of 
one. Each pillar bracket is connected with the next by an 
arch beam, to form a complete continuation between the 
pillars and the direction of the bracket. The brick arches are 
7 in. thick at the base, diminishing to 4 J in. at the crown ; 
they are turned between the beams. Timber joists, 2i in. 
deep, are then laid across the beams, and the space is after- 
wards filled up with concrete, composed of lime and furnace 
ashes. When this is thoroughly dry, the floors are laid 
with IJ-in. deal boards, nailed to the joists. Boarding is 
now generally preferred for all room floors, except the blow, 
ing-room. The floor of the cellar is composed of bricks, laid 
’on puddled clay, with passages formed of cement concrete, 
or flag-stones. The roof of the mill is, in the first place, 
constructed in the same manner as the floor ; but the concrete 
is laid level, and then covered with two coats of asphalt, each 
J in. thick. These are turned up the wall, 18 in. all round, 
and protected from the weather by a dwarf brick wall, built 
inside on the asphalt. Constructed thus, the roof forms a 
reservoir, containing 6-12 in. of water. The object of this 
is to render it thoroughly fireproof. In some cases, 12-18 in. 
of water is preserved, and arrangements are made for utilizing 
it at a moment’s notice in the event of fire. When this plan 
is adopted, conduit pipes are laid to, and around, the iiiterior 
of each room, and provided with the necessary taps. The 
staircase is composed of stone, with cast-iron risers. 

Thejroof of the engine-house is fireproof, and supported 
on large rolled-iron girders ; that of the boiler-house is of 
ordinary construction, provided with ventilators. The 
chimney rises to a height of 210 ft; its diameter at the 
bottom is 17 ft externally, and 8 ft. internally; at the 
summit, it is 9 ft. 10 in. externally, and 7 ft. 6 in. in- 
ternally. 



The arrangement of the null is as follows : — The ernuT,^ i . . 

carding-room, warehouse, ofidces, and entrance lodge. Over the cardim^ 
rooms, of equal dimensions. Above the blowingl^m a^aleL^f 

for cotton, Ld store-rooms for sundries. PartiMly over the mxmg-r^m 

j j luc mixmg-room is the bale-room, provided 
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with a door opening on the end of the mill, and fitted with a self-acting hoist. Level with the bale- 
room is the reeling-room, and over these is a twining- or donbling-room. The boiler-house at the 
back of the mill contains five Lancashire boilers, 30 ft. long and 7 ft. diameter, each having two 
circular fiues, 2 ft. 9 in. diameter at the firing end, tapering to 2 ft. 4 in. Behind the fire are in- 
serted six Galloway tubes. The boilers are fed with water from the hot well of the engine. Behind 



e.'ich boiler, is fixed a fuel economizer, of ten pipes width : in all, 360 pipes. Passing through 
these, under the influence of the waste heat from the furnaces, the water attains a temperature of 
138° (280° F.), before reaching the boUers. The latter are usually worked at a pressure of 90 lb. 

The engines are of the tandem type, with low-pressure cylinders in front, and high-pressnre behind, 
on the same piston ; the former are 40 in. diameter, the latter 21 in. The stroke is 6 ft. The air- 
pump is situated under the slides of the piston-rod, and is worked by a bell-crank motion ; it has a 
stroke of 3 ft. The condenser stands by the side of the air-pump. The ordinary vertical type of 
the latter is still the most popular amongst practical men. The fly-wheel is 30 ft. in diameter; its 
periphery is 5 ft. 6 in. broad, and is grooved for the reception of 23 ropes. The grooves are 
V-shaped, and of such a depth that the ropes do not touch the bottom. The ropes are of hemp or 
cotton, and are made in difierent ways. In the centre of, and extending around the periphery, are 
cast a set of cogs, for barring it round ; these can also be used for moving it by a small bar-and- 
ratchet arrangement. 

Power is transmitted directly from the engine to each compartment of the mill, by means of the 
above-mentioned ropes, which are received by a grooved drum, fitted upon shafts that extend 
throughout the length of the mill. In the carding-room, the central shaft, driven from the engine, is 
turned by five ropes, and makes 220 revolutions a minute. Two other shafts, one on each side, run 
parallel with the former, and are driven from it, by ropes, at the same speed. The shaft nearest 
the rear of the mill supplies the motive power to the carding-engines ; the middle shaft, to the 
drawing-frames, slubbing-frames, and intermediates ; whUst the one farthest from the engine drives 
the roving-frames, the willows, and the openers. In the spinning- rooms, the shaft driven by the 
engine extends throughout the entire length, and makes 220 rev. a minute. In the top room , 
a shaft is carried over the warehouse part, and drives the twiuing-jennies. The bale-room, which 
receives the raw cotton, as it is hauled in from the mill yard by means of the automatic hoist, is pro- 
vided with openings in the floor, bound with cast-iron frames, having covers of the same material. 
Similar provision is made in the mixing-room, for passing the raw material to the blowing-room. 
At the corner of this room nearest to the chimney, is a dust-flue, for carrying away the dirt and sand 
separated from the cotton by the willows, openers, and scutchers. 

The machinery is arranged with a view to rendering the processes consecutive, and to incurring 
the least possible cost for handling the cotton as it passes through. For a mill of the dimensions 
indicated, 2 willows and 2 openers are required to serve 12 single-beater scutchers. These provide 
laps for 54 double carding-engines, 50 in. on the wire. SufScient sliver is produced from these to 
supply 9 drawing-frames of 3 heads of 6 deliveries each ; which, in their turn, serve 9 slubbing- 
frames, of 80 spindles each ; whilst the latter give full employment to 12-13 intermediates of 124 
spindles each, the production of these being taken by 40 roving-frames, of 168 spindles each. In a 
mill spinning 32’s warp yam and wefts to correspond, the above-named preparatory machinery sufiices 
to supply the complement of spindles, about 70,000. Twining, or doubling, is a subsequent process. 

Mixing. — The raw material received into the bale-room is examined by drawing samples from 
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different parts of each bale, and is classified accordingly. This step is necessitated by the fact 
that the quality of cotton gathered at different periods of the picking season is subject to material 
variation. Errors of classification and warehousing may produce a better or worse quality than 
the purchaser intended, or mistakes may be made in purchasing, from unfamiliarity with the needs 
of the establishment. These are sources of error to be guarded against. When the quality and 
magnitude of the mixing have been decided on, the classified stock is drawn upon ; the coverings 
are stripped from the bales, and the contents are passed in succession through the apertures in the 
floor to the room below, and spread upon the floor, in layers occupying a fixed area. Some- 
times this space is railed off from the room. The “ mixing ” will be composed of as many layers as 
there are bales, these being taken in that order which will best enable their qualities to contribute 
to the end in view. When the mixing is completed, it is usual to test the result, by taking a 
vertical section of the blend — raked from the face of the pile — , sufficiently large to manufacture 
1 nto yarn ; this is carefully examined, and compared with a standard yarn, or with that from the 
last mixing. Should it be deficient in strength, cleanliness, or colour, a sufficiency is added of the 
raw material possessing the requisite quality. Sometimes the testing is repeated, especially when 
the quality is intended to be high class, and it is desirable to run no risk of deterioration ; in other 
cases, the blend can be made so near the requirement, that it is not considered necessary. In 
low qualities, and admixtures of waste, the testing process is sometimes neglected ; but in a well 
regulated establishment, it should never be omitted. 

The satisfactory condition of the blend having been ascertained, it is ready for use. When 
required, it is carefully and evenly drawn down from the sides of the pile, by means of a rake ; this 
ensures a further intermixture of the qualities. 

The component parts of the blend will necessarily differ according to the quality of yam sought 
to be produced. Experience will enable cotton-spinners of average skill to prescribe mixings with 
great accuracy ; but there is nothing like uniformity among them in this respect, many affecting to 
keep the particulars secret. The following Table, however, very kindly furnished by John Butter- 
worth, of Shaw, near Oldham, one of the most scientific and skilful spinners in Lancashire, shows, 
in a general manner, the adaptability of certain cottons for spinning different nnmbers of yam, and 
their suitability for admixture with each other : — 


Best Sea Island I 

Best Egyptian, and Shortest ! 
Sea Island 

Peeler (American), and Soft 
Egyptian 

Orleans, Texas, and Soft Peru- 
vian . . . . I 

Pernams, Parailias, Maran- / 
hams, Maceio, Rough Egyp- 
tian, and Rough Peruvian .. | 

Puerto Cabello (W. 1), Suri- 
nam, and Brazilian Peruvian 

La Guayran (W. I.), CearaV; 
(B.), and Aracaju (B.) 

Dhollerah, Dharwar, Broach, ‘ 
Oomrawuttee i 

Smyrna, African, Persian . . j 

Comptah, Bengal, Madras, | 
Rangoon i 


These two classes are mixed together, ns 
the abundance or scarcity of each class 
prevails ; but it is found that rough 
and smooth staples do not incorporate 
well, and hence do not make the best 
yarn. 

Tlie lower classes of American are often 
mixed with these varieties. Georgia, 
Boweds, &c., mix best with Dhollerah, 
Broach, Oomrawuttee, &c. ; but 
stronger kinds are often used. 

The strong low classes of American are 
best adapted to mix witli West Indian, 
Bough Br.izilians, Smyrna, African, 
&c. 


120’s upwards. 
80’s to 120’8. 
go’s to SO’s. 

lO’s to 60’s. 

lO's to 50’s. 

SO’s to 40’s. 

2G’8 to SG’s. 

16’s to 28’s. 
10 ’b to IG’s. 

1 very low numbers. 


Several varieties not named above would mix with one or other of the classes ; but special 
adaptations must be left to tbe discretion of the spinner. 

At this point, it may be well to explain the significance of the figures in tbe third column of the 
above Table. Tams are always quoted by the pound, the price differing according to quality and 
fineness. The latter is indicated by numbers, from I’s (one’s) upwards ; the limit of fineness in 
the mercantde article is about 300’s (three-hundred’s). These numbers are arrived at in tbe 
following manner :-In tbe early d.iys of tbe trade, when yams could not be spun with the regu- 
larity that can be accomplished at present, uniformity was secured by reeling the yam and 
assorting the hanks according to weight. The circumference of the reel was Ij yds and the 
80th revolution was indicated by a rap from a released spring, the length then wound being 
120 yds., or 1 “ lea.” When 7 leas had been wound, they were tied together, formm<r 1 " hank,” 
or 840 yds. The number of these banks in 1 lb. indicates the fineness of the yarn which is 
expressed thu8-4’s, 12’s, 20’s, 32’s. 40’s, 60’s, &c., &c., to 300’s. From the lowest Nos., it is 
customary to rise 1 hank at a time, np to lO’s; thence steps of 2 hanks are generally taken, up to 
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24’s : then 4 hanks at a rise, up to 40’s ; after this, the gradation, though sometimes 5, is generaUy 
10 at a step. Any Nos. between these would be special, and would require to be spun to order. 

Cotton yarns are always bought and sold by avoirdupois weight ; but, in asceHaimng the 
counts or Nos., it is necessary, to subdivide the pound into Troy grains, of which it contains 7000. 
The measure employed is as follows : — 

54 in. = 1 thread (or circumference of reel). 


4320 

30240 


= 80 
= 5G0 


= 1 lea. 
= 7 „ 



- 1 hank, or 840 yds. 

To ascertain the counts of a yarn. 7000 is divided by the weight (in grains) of one hank. It is 
customary, however, to take a proportionately less quantity, say 1, 2, or 3 leas, the dividend being 
1000, 2000, or 3000 accordingly. The quotient is the number of hanks in 1 lb., hence the No. of 
the yarn. 

Opening. — This process follows mixing. It is performed by the aid of various machines, 
accoring to the requirements or the preference of the spinner. The principal are the following : — 
The willow, the Crighton opener, tlie Porcupine, and Lord’s opener. 

The common, or Oldham, willow (Figs. 525 and 526) consists of a cylinder c, about 40 in. in 
diameter and 40 in. wide, mounted on a shaft, furnished with driving pulleys, and resting on 
bearings in the framework. Fitted on, 

and extending across, its periphery, ^25. 

are several rows of teeth, or blunt 
spikes. A semicircular casing, in- 
ternally furnished with two or three 
rows of spikes similar to the above, 
covers the upper part of this cylinder. 

The lower portion is covered with a 
wire grid, in two parts, hinged to- 
gether. The back section of this is 
fixed to the frame, whilst the front 
part is balanced by weights, suspended 
from cords or straps, passed over 
pulleys at each side, and attached to 
the end of the grid, which is free to 
move up and down in an opening in 
front of the machine. An exhaust fan 
/ is placed behind the fixed part of the 
grid. 

The operation is as follows The 
grid is let down, and a quantity of 
cotton is placed upon it. It is then 
raised, and the cotton is thus brought 
into contact with the spikes of the re- 
volving cylinder, which dash it against the fixed spikes on the internal face of the casing, loosen- 
ing its matted fibres, and freeing it from sand, dust, and other foreign matters, which fall through 
the grid into the cavity below, or are drawn away by the operation of the exhaust-fan, and dis- 
charged through a tube into the air. After the cotton has been subjected to the action of the 
machine for a few seconds, the grid is let down, and the cotton is thrown out. The process is 
then repeated with fresh mateiial. This is the simplest form of the willow as it exists in use. 

The willow, however, has lately undergone great improvements. It is sometimes made with 
an automatic motion, to let down tlie grid when the cotton has been in the machine for the proper 
length of time, which can be varied according to requirement. At other times it is made con- 
tinuous, as seen in the figures, by placing a feed cloth a in front, and a lattice creeper e at the back, 
to carry away the cleansed cotton, which is then ready for delivery to the scutcher. 

The second machine mentioned above, the Crighton opener, which is now in extensive use, is a 
modification of thecone willow. As will be seen from the accompanying illustrations. Figs. 527 and 
528, in the interior of the framework, is fitted a conical grid, having its apex downwards, and resting 
on a cross-rad at a short distance from the bottom. On the top of the frame, stands a tripod, which 
forms a beaiing for a vertical shaft, carrying driving pulleys, and descending through the centre 
of the grid to a foot-step in the cross-rail. Mounted on this shaft, are a number of discs 6, smallest 
at the bottom and increasing in size as they approach the top. Fixed on these, are a series of thin 
steel blades, for beating the cotton. At the top of the grid, is an orifice conducting to the dust- 
cages. The space c, between the casing and the grid, forms a cavity for the reception of any 
foreign matter conhained in the cotton. The machine is fed by means of the tube », which may 
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be introduced on any side away from the attachment. The latter includes the dnst^ges, fan/, 
lattice-creeper d, and, below the dust-cages, a pair of small delivery-rollers, and an exhaust-fan. 
The cages are hollow cylindrical wire frames, with the wires set sufficiently close to prevent the 
entrance of the fibres of cotton, but wide enough to permit the dust to be drawn away by the 
current. Only the portion of 
the cage opposite the orifice 
is left open, the remainder 
being closed by an internal 
casing, which follows the 
contour of the cylinder. 

The details of the process 
are : — The cotton is fed into 
the tube a, emerging into the 
lower portion of the conical 
grid, where it comes into con- 
tact with the beaters h, which 
strike it against the bars of 
the grid. This action loosens 
the mass of fibre, and permits 
any seed that may be in the 
lint, as well as sand, dust, 

&c., to fall through the grid 
into the dust-cavity c, and 
thence to the bottom e. The 
cotton remains subject to the 
action of the beaters, until 
it is opened sufficiently to 
admit of its being drawn up- 
ward, and carried away by 
the suction of the fan /, 
through the orifice. Fol- 
lowing the direction of the 
arrow towards the dust-cage, 
it is taken on by the rollers, 
and passed to the lattice- 
creeper d, which discharges 
it upon the floor, or into a 
receptacle provided. 

This machine has also been improved by the addition of an automatic feed or lattice apron, and 
a lap machine. By some, its action is regarded as being gentler, and leas injurious to the cotton, 
than that of the willow, through its possessing no stationary teeth to intercept the progress of the 
fibre ; also by its peculiar structure, which causes it to retain the cotton until thoroughly opened, 
but not longer, thus avoiding excessive beating. 

The “ Porcupine ” is another opener, whose chief difference from the willow as illustrated above 
lies in the possession of two cylinders for opening purposes, laid parallel to each other, the first of 
which has twelve rows of teeth, and the second four. It is fed and discharged hy lattice-creepers, 
and exhausted by the usual appliances. 

Lord’s combined opener, scutcher, and lap machine, is a remarkable illustration of the manner 
in which several processes may be concentrated in what is practically one machine. The inventors 
largely avail themselves of the pneumatic principle seen in each of the previously described openers, 
and use a current of air to bring the cotton from any moderate distance. 

As will be seen from Fig. 529, which represents the feeding as taking place in the room above 
the machine, an endless lattice A, on which the cotton is evenly laid, delivers it to two pairs of 
rollers B, the second revolving more quickly than the first ; these convey it to the tube, where it is 
instantly seized by the air current. During its aerial passage, sand, dirt, dust, small stones, 
and all heavy or dangerous substances accidentally present with the cotton, are dropped upon the 
bottom of the tube. In order to secure the abstraction of these, Messrs. Lord invented and patented 
their grated trunks. Intermediately between the feerl table and the opener, several lengths of these 
tubes C are inserted. Seen in section, they are Q shaped. Inside these, at short distances apart, 
plates of sheet iron are placed athwart, and slightly inclined against the direction of the current, 
and reaching about half-way to the crown of the tube. The spaces between these plates form cells 
for the reception of extraneous matter, which, dropping out of the cotton, is retained in them ; it is 
removed daily through the bottom of the tube, which opens downwards, and is hinged for the 
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purpose. These cells prove very eflScient, as is shown by the quantity of dust that is taken out of 
those in the front, and its gradual diminution towards the last j and by the small amount of foreign 
matter thrown off in the opener and scntcher. 

The opener consists of a horizontal shaft a, carrying a series of accurately balanced arms d, 
arranged radially on the shaft at several inches apart. These arms are of cast iron, with steel 
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blades bolted firmly to their extremities. The length of these arms is, at the small end nearest the 
tube, about 18 in. ; it increases gradually as the opposite side is approached, terminating with 
28 in. When revolving, the arms describe the figure of a cone. A conical grid surrounds the 
beaters, constructed by the junction of two rings of unequal diameter by means of straight steel 
bars. This grid can be moved endwise upon the shaft, by means of the wheel beneath the tube, 
at the left extremity of the machine. The bars are fixed at the delivery end, but are capable of 
adjustment at the feed end, in order to increase or diminish the distance from the beater, according 
to the length of staple or quality of cotton that has to be treated. On the same shaft, at the 
delivery end of the beater, is a powerful disc fan, which, in conjunction with the other fan p, whose 
specific function is to exhaust the dust-cages //', and which is situated below them, draws the 
cotton from the extremity of the feed-pipe, through the beater, to the dust-cages ; at this point, the 
cotton is received by two small rollers, that deliver it to the beater g of the scutcher, where it 
undergoes further opening and cleansing, by a process resembling the one it has just passed 
through, except as regards the form of the beater. The scutcher and lap attachment, which receives 
the cotton at this point, will be described in connection with the next machine. 

Scutching.’* — Scutching has a twofold object : to further cleanse the cotton, and to form a lap. 
If the raw material has not, in the previous stage, passed through an opener with a lap-forming 
attachment, it arrives at this point in bulk, and but partially cleansed and opened. Scutching is 
the first stage in the series of arrangements that produce the finished article. The lap is a 
continuous sheet of cotton, about 40 in. wide, which is formed into a roll of convenient length to 
suit the machinery. In it the fibres lie in all directions across each other, no attempt having yet 
been made to arrange them in parallel order. 

The scutcher has imdergone many changes ere attaining its present comparative perfection. 
Amongst makers, the result is unanimity regarding the main features of the machine, tempered by 
differences on points of detail. The latter need not be brought fully before the reader; it will 
serve to describe one or two of the most popular and representative forms. 

The Crighton scutcher is a well-known machine. It possesses a lattice-creeper, on which the 
cotton is evenly laid, in measured spaces, after being weighed. A pair of small fluted rollers take 
the cotton from the lattice, and pass it to a beater, having two blades encased in a cylinder ; a 
quarter-section of the latter, from the fluted rollers to the bottom, is composed of a grid. The 
beater, having a speed of about 1000 revolutions a minute, strikes the cotton with great torce from 
the rollers against this grid, causing leaves, motes, and other impurities, to fall through. Parallel 
with the bottom of the cylinder, is a passage, leading to the pair of dust-cages situated at the back. 
Along this, the cotton is drawn by the current induced by the exhaust-fans. The bottom of this 
passage is formed by a lattice, arranged with its surface open, for the reception of impurities that may 
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have passed the first grids. This lattice moves over three rollers arranged thus — ■ . • , and, travelling 
in a direction opposite to that followed by the cotton, it carries away only substances of greater 
specific gravity than the fibres under treatment, and discharges them into the dust-cavity beneath 
the grid. The loose cotton is evenly distributed by the current over the wires of the dust-cages, 
as they slowly revolve. These wires, whilst holding the cotton, permit tlie extraction, through 
their interstices, of the fine particles of dust that may have come on the current of air along with 
the fibre, — hence their name. The perfect removal of sand or grit is of great importance, because 
were it to pass along with the cotton through subsequent processes, it would seriously damage the 
machinery. The cages join the cotton deposited upon them into one sheet, which is removed by a 
pair of small fluted rollers ; these pass it to the compression-rollers, whence it escapes to the lap- 
roller : this, by means of a pair of large fluted rollers, revolving in the same direction, takes on 
the sheet of cotton untU it has formed a thick roll, technically called a “ lap.” 

From the first handling of cotton in the mUl, the object is to obtain a clean, round, even thread 
of yarn. In order to secure this, it is necessary that the scutcher or first lap machine should be 
carefully fed, the cotton being spread evenly upon the lattice, so that it may pass through at a 
uniform rate. But it is not always possible to ensure this with hand labour, and mechanical 
appliances have in consequence been invented for the purpose. 

The most popular, and reputedly the best, of these is the one introduced by Lords, and called 
the “ lever-’’ or “ piano-feed ’’ motion, from its being in principle similar to, and in figure distantly 
like, the arrangement of the keys of a pianoforte. Fig. 530 will help to explain its details. 
Fig. A shows it in section ; a represents the beater, the dotted line tracing the circle which its 
blades describe in their revolution. Instead of a pair of feed-rollers, as usual for delivering the cotton 




to the beater a, the bottom one is replaced by a series of levers c, extending across the frame, 
arranged as in Fig. C. In B, is shown a different form of the short end c of the lever, adapted for 
long-stapled cotton. By means of a hook at the extremity of the lever-arm c, the levers’are attached 
to rods /, which increase in thickness at the end where they pass between two horizontal plates or 
bars g, laid parallel on the back and front of their pendant extremities. In the interstices, small 
bowls are introduced, shown by the dotted circles i. The rod /, on the right, is slotted for the 
reception of a connecting-rod attached to the levers, the second of which Ts connected with the 
strap-lever ft seen between the cone-drums in Fig. 531. A sector wheel, on the strap-lever p gears 
into a similar one on the strap-lever ; g, r are cone-drums, and s is the strap by which motion is 
transmitted from one to the other. 

The action of the different parts Is as follows When the cotton is matted, or unevenly spread 
upon the lattice, causing a thick portion to go beneath the roller 6, the short end of the lever c is 
pressed down, the long arm c is raised ; this pulls up the rod /, the thick end of which comin<r up 
between the bowls i, presses the rods in the only direction in which they can move-towards° the 
slotted rod at the end, which, through the connecting-rod and levers above described moves the 
strap s upon the cone-drums q and r, and regulates the speed according to requirement • the cone- 
drum r gives motion to the feed-roller 6, through the worm on its shaft. This has proved to be a 
very efficient arrangement, and has been extensively adopted. It can be attached both to the first 
and second scutcher. 

Lord’s finisher lap machine, with the “piano” feed attachment, is illustrated in Fig. 531. The 
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creel holds from four to six laps n, which, by means of the lattice x, revolving on the rollers at each 
extremity of the creel, deliver a three, four, or sixfold sheet of cotton to the feed-roller 5 ; this, by 
means of the evener, or piano feed, just described, is made to deliver its burden to the beater a, at 
a uniform rate. The bottom of the beater case A contains a grid d, whilst a longitudinal grid d‘ 
extends to the dust-cages v. At 0, the casing is usually glazed, or a doorway is formed, in order to 


531 . 



permit inspection of the interior. Glazing is preferable, as a doorway interferes with the action of 
the exhaust draught. Next to the dust-cages, are the compression-rollers tc, through which the cotton 
passes to the fluted rollers z, at the end of the frame, which, slowly revolving, wind it upon a roller, 
called the “ lap-roller.” When the lap y is completed, it is lifted from the frame, and laid aside, 
and the roller is withdrawn, and replaced to wind on another lap. The soft mass of cotton quickly 
closes up the space left by the withdrawal of the roller ; and ordinarily, when the lap has to be 
skewered, for placing in the carding-engine, considerable diflBenlty and waste are the result. In 
order to obviate these drawbacks, a plan has been devised and patented by H. H. Clayton, manager 
of Kingston Mills, Hyde, which is thoroughly successful In place of the solid lap-roller, the 
inventor substitutes a tube-roller, into which he inserts a long pin, having a flat head, of greater 
diameter than the roller. When the latter is withdrawn, the pin is left in the cavity, retained by 
the head, thus preserving the bore, maintaining the form, and facilitating the handling of the lap, 
whilst lime and labour are economized, and all waste from the “ stabbing ” of the lap is prevented. 

The process through which the cotton passes is very similar to that in the compound opener 
previously described. The draught of the feed upon the laps in the creel is very slow, and stands 
in remarkable contrast to the action of the swiftly revolving beater. The exhaust-fans also revolve 
very rapidly, whilst the dust-cages move at a slow pace, in order to allow the draught to deposit a 
thick sheet of fibre upon the exposed portion of their surfaces. 

The finisher lap machine is used for the purpose of completing the cleansing process, and 
obtaining a uniformly level lap, by doubling the taps from the scutcher. The idea which suggested 
the latter plan is to some extent erroneous. The assumed result would be achieved if it depended 
solely upon mechanical influences ; but to these is closely allied a pneumatic force, which greatly 
modifies the process. The cotton, after passing the beater, is drawn by the current from the fans to 
the dust-cages ; upon the exterior of these, it is accumulated, until the layer becomes impervious to 
the air, when the cotton ceases to be drawn to that spot, and is diverted to other portions of the cages, 
where the draught is still exerting its influence. An even delivery of the cotton may aid, but will 
not necessarily secure, the formation of an even lap, as the latter will quite as much depend upon 
the uniform strength of the current over the exposed surfaces of the cages. Should this vary appre- 
ciably in any portion, the lap will be thinner there than elsewhere. The pneumatic principle is 
dispensed with in all machines subsequent to the finisher lap machine. 

Carding. — This is one of the most important processes in cotton-spinning. The object of those 
preceding it has been to cleanse the raw material from gross impurities, such as leaf, seed, sand, 
dust, and heavier objects, that may accidentally or otherwise be introduced. Carding is the final 
stage of cleansing. As far as the carding-engine is capable of accomplishing it, all short, tangled, 
and “ neppy ” fibre is removed in this operation. To msike clean yam, cotton should be selected 
free from immature seed, which the gin often fails to remove, owing to defective seeds being so 
small as to pass its blades, and get drawn in by the short and imperfectly developed fibre that 
covers them. Neither opening nor scutching abstracts them completely, and those that escape pass 
into the card, and are broken up. The particles are cariied through the succeeding operations 
without being markedly visible, until the spinning is reached, when the twining brings them to 
the surface of the thread, where a great proportion are retained by the adhering fibres. In other 
respects, the cleansing function of the machine is very efficient. 
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In carding, the construction of the thread is commenced. Up to this point, there has been no 
effort to arrange the fibres in any given order. Here the attempt is first made to place them 
parallel. The thick sheet of cotton composing the lap is reduced to a thin cloud-like film, which 
is drawn through a cone tube, and condensed into a “ sliver,” a round, soft, and untwisted strand 

of cotton. r • • 

The carding-engine is the machine by which this is accomplished. Some difference of opinion 
esasts amongst practical men as to the best principles of construction, and in consequence there are 
several forms of the machine. Good arguments can be adduced in favour of each, and probably the 
diverse opinions that exist originated in dealing with different classes of raw material, and getting 
various results. 

To trace the development of the card would be interesting, but would need a volume for its 
elucidation. All that is necessary is to describe representative forms as now in use. Of these, there 
are three:— the roller, the Wellman, and the revolving fiat card. 

A section of the roUer card, with a portion of the side, is shown in Fig. 532. Its chief parts are 
the following A, main cylinder or swift, which has a surface speed of about 1600 ft. a minute ; the 
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roller B is termed the “ licker-in,” from its function of taking the cotton from the feed-roller 0, 
and delivering it to the swift. The small cylinder D is the doffer ; E, the coder ; F, the can in 
which the sliver is coiled ; and G, the lap, resting upon G', the lap-roller. Arranged over the 
main cylinder, are a number of small rollers, r and s. The former are carding rollers or “ workers ” ; 
the latter are “ strippers ” or “ clearers.” The cylinder, licker-in, doffer, workers, and clearers, 
have their surfaces covered with “ cards,” the fineness of which is varied according to the class of 
work to be performed. 

Cards are composed of small bits of wire, inserted at an angle, into a foundation of leather, cloth, 
or a composite material which includes a layer of Indiarubber. They are usually made in 
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the form termed “ filleting a strip about IJ in. wide, which is carefully wound in a spiral 
manner upon the cylinders and roUers. Sometimes they are made in what are termed “ sheets.” 
Fig. 533 shows the first card with which the cotton comes into contact, that clothing the 
“ licker-in ” roller. The card for this roller is purposely composed of strong wire, of short cut. The 
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kind now generally employed is flattened, and cut diagonally at the required angle. It is extremely 
strong, and by its action, without injury to itself, will destroy any foreign matter that may be likely 
to come from the lap, and which, if it passed this point, would subsequently injure the fine clothing 
of the cylinder and rollers. This specimen shows the fineness required for use in the longer staples 
of cotton. Fig. 534 exhibits the card used for clothing the main cylinder, when fine cottons are 
used ; its count or degree of fineness is lOO’s. No. SO’s is used for low cottons, making coarse yams ; 
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90’a, for general purposes ; and lOO’s, for fine work. The clothing upon the doffer cylinder is nearly 
always 20 counts finer than that upon the main cylinder. The dirt-roUer card. Fig. 535, is of a 
coarse wire openly set, so that it may readily receive into the interstices the motes, seed, leaf, or 
other description of refuse, lying upon the surface of the main cylinder. Its cut is similar in depth 
to that of the “ lieker-in ” roller. The carding rollers, or “ workers ” and “ clearers,” are both covered 
with cards of the same fineness, or nearly so, as the main cylinder. The curved form of the illustra- 
tions shows the cards as when actually ready for work. 
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Good carding very greatly depends upon the careful adjustment of aU the rollers to the surface 
of the cylinder, the cards of which, while set closely and evenly, should at no point touch each 
other. The rollers and clearers, in order to admit of this being done with the utmost nicety, are 
mounted upon two flexible “ bends,” very accurately turned, and fitted to the sides of the frame. 
The main cylinder, and all the rollers, are now usually composed of iron, which is less susceptible to 
the influence of damp or dry atmospheres than wood, the material formerly used. The bearings 
should be made of the most durable metal, and be kept carefully oiled. Every part should be set to 
work without oscillation, which, if permitted, soon renders good work impossible. 

The process Ls as follows ; — The machine having been supplied with the lap G, the end of 
which is passed under the feed-roller C, the lap-roller G' slowly revolves, xmrollmg the web from 
the lap. The “ lickei -in ” B, running at a surface speed of about 800 ft. a minute, strikes the cotton 
in a downward direction from the feed-roller, combing the fibres straight, and carrying them to the 
cylinder A, which, revolving at a surface rate of about 1600 ft. a minute, owing to its greater 
speed, and to the cards being bent in the direction of its motion — upward, strips all the cotton from 
the former, at that portion of its periphery nearest the licker-in. The cylinder carries the cotton 
forward to the first roller, which usually is a cleansing roller, and is technically called the “ dirt- 
roller.** Its surface speed is comparatively slow, only about 15 ft. a minute. Its function is to 
gather from the cotton all the remaining dirt, motes, seed, leaf, and neps, and to aid in combing the 
fibres straight. The dirt extracted is carried round, and stripped from the roller by the attendant ; 
sometimes, however, a vibrating comb is attached for that purpose. The main cylinder carries 
the cotton onward to the rollers r and s, which successively assist in perfecting the cleansing and 
combing of the cotton. These rollers being set in opposition to the main cylinder, their contact 
surfaces move in the same direction, but at a greatly reduced speed. The cards are set on the 
stripper with the teeth inclined in the direction of the motion, whilst those on the workers are 
disposed in the reverse way, the teeth being thus in opposition to those of the main cylinder. The 
latter- carries the cotton past the stripper to the worker r, the teeth of which exert a combing 
action, owing to its relatively slow movement of about 20 ft. a minute. That portion of the cotton, 
which is taken up by the teeth of the worker r, is carried round, until, coming into contact with the 
stripper «, it is taken by the latter, which moves at a surface velocity of 400 ft. a minute, and is itself 
stripped by the more swiftly revolving main cylinder. After passing the series of workers and 
stripper^ the cotton is taken from the main cylinder by the dofiing cylinder D, which has its teeth 
arranged in the opposite way, but moves only at the slow rate of about 60-70 ft. a minute in the 
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same direction. The cotton is carried ronnd its under side, until brought within reach of the 
doffer-comb t, fitted upon vibrating arms, and stretching across the face of the dofifer, from which it 
strips the cotton in a tliin film. Its movement is vertical, or nearly so ; it strips the dofifer in its 
descent, and clears itself when ascending. It makes 600-1000 strokes a minute according to 
requirement, being driven by balanced cranks. From the doffer-comb, tlie cotton is delivered in a 
thin sheet or film, which is condensed in its passage through a trumpet-shaped tube, and com- 
pression rollers c, whence it is carried over the pillar E, and, by an ingenious motion, is coiled iu 
the can F, which stands upon a revolving plate. The cotton thus becomes a “ sliver.” 

This form of carding-engine is probably most extensively in use, being best adapted for low and 
medium numbers of yam. It is simple, easily set, and not liable to get out of order. The produc- 
tion exceeds that from flats, or the Wellman card, but the quality of the work is hardly equal. 
The cards should be put on both cylinders and rollers, closely, evenly, and with uniform tension. 
After being securely fastened, all should be evenly ground. The frame of the machine ought to 
be perfectly level, and placed on a floor free from vibration. The dofifer, the taker-in, and the 
rollers, should be set exactly parallel with the cylinder, and be carefully adjusted as close as possible 
without touching. 

Another system of carding is the one in which the rollers and strippers of the machine described 
above are dispensed with, the substitutes being a series of flats, extending from side to side of the 
machine, and covering the upper half of the cylinder. The under sides of these flats are covered 
with cards, and are so adjusted as to effect the same object as the above. This form of carding- 
engine has passed through numerous mutations and improvements, before its present stage of 
perfection was attained. Formerly the flats were stripped by hand, which required steady atten- 
tion and skill on the part of the operative ; qualities which were not always found in combination. 
As the difilculty of obtaining a supply of efiflcient men increased, attempts were made, with varying 
degrees of success, to accomplish the work by mechanical appliances. Amongst the most successful 
of these, was the method devised by George Wellman, an American, who inventcu the machine so 
widely known as the “ Wellman card.” 

On its introduction into this country, it was taken in hand by Dobson and Barlow, machinists, 
further improved in numerous details, and adapted to work as either a first or “ breaker,” or as a 
finisher card. In the production of medium numbers of yams, more carding is necessary than for 
lower counts. In many cases, the roller card is used as a “ breaker” ; in others, various adaptations 
compounded of the roller and the flat card are used, and sometimes modifications of the latter alone. 

The finisher carding-engine on the Wellman principle, as made by Dobson and Barlow, is 
represented in the accompanying illustration. Fig. 536. In it's main parts, it differs little from the 
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means of this arrangement, the flats are lifted from their respective brackets, and tnmed upward, 
and their face is exposed to the action of the stripper roller, which clears away the accumulated 
waste that has gathered thereon. Immediately this has been done, the mechanism restores it to 
its place ; the arm resumes its movement, until it reaches the next flat that has to be stripped, 
when it again pauses, to allow the above performance to be repeated, and so continues until the 
whole of the flats are stripped, when the operations recommence. The order in which the flats are 
lifted varies, those nearest the lap needing to be stripped most often. The numbers of flats are so 
arranged that, whichever plan be adopted, each in proper order will come under the action of the 
stripper. The brackets e are for the reception of the grinding roller, for grinding the cylinder and 
doffpr, without removing them from their positions. 

The revolving flat card is another form of the same machine. In this machine. Fig. 537, the flats 
are arranged in the form of an endless lattice ; the working flats rest upon a semicircular guide 
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moves is very slow — alwut 1 iu. a minute. In their course, each flat is subjected to the action of 
the stripping roller i, after which it passes on to take its place amongst the working flats. 

Besides these principal forms of the carding-engine, there are several modifications, wherein 
the distinctive features of the roller and the Wellman card are combined. These are called 
“ combination ” or “ union ” cards. 

The most remarkable machine employed in the preparation of cotton for spinning is the 
combing machine used for long-stapled cottons, for fine yarns. It was invented by M. Heilmann, 
of Mulhausen, and first became extensively known to the public through being shown at 
the Exhibition in London in 1851. The patent was purchased by a company of Manchester 
spinners of fine yams, for the sum of 30,0001. They for a time restricted its use to them- 
selves, but subsequently permitted it to be supplied to the public, on payment of a royalty of 
3001., which brought its cost to 5001. This was reduced, as the patent neared its expiration. It 
was, however, virtually extended by the patenting of improvements which experience had suggested. 
It has since been extensively adopted, and, for making the best classes of yams, is now regarded as 
indispensable. ’ Another combing machine, invented by Imbs, has since been favourably received. 
In the Heilmann “comber” (Fig. 538), the lap a is placed upon the rollers i, which, by their revo- 
lution, unwind the fleece, and pass it down an inclined guide e to a pair of steel feed-rollers d d* ; the 
nether one is fluted, and the upper is covered with leather. These rollers have an intermittent 
motion, obtained through peculiar gearing, by which they are turned of “ revolution at a 

time. They deliver the cotton to a nipper, which opens to allow its passage. This nipper is com- 
posed of two parts — the blade e and the cushion e', the latter being covered with leather. The 
nipper-blade receives motion from a cam, at the gearing end of the machine. The motion is 
transmitted through two levers, a connectiiig-rod e’, and a shaft. The movement imparted 
to the blade is greater than is required to bring it into contact with the cushion plate, and the 
latter, being hung upon a pivot, and held forward by a spring, is pushed backward by the pres- 
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sure of the blade, into a position which subjects the cotton to the action of the combing cylinder. 
A reverse movement then occurs, which permits the cushion plate and nipper-blade to advance with 
the cotton in their grip, to a point where, when the nipper-blade rises, the fibres are taken hold of 
by a detaching roller and a fluted segment on the combing cylinder p . The side of this cylinder 
opposite to the fluted segment carries a series of 17 combs /*, graduated in fineness from 30 to 90 
teeth in the inch. Between the fluted segment and the combs, is a plain space at each side, which 



affords time for making the required changes between the combs ceasing to act and the fluted 
segment coming into work, and vice versa, the cylinder revolving continuously. The top comb is 
fitted above the cylinder ; its purpose is to comb the ends of the fibres, and to prevent any being 
drawn forward, except those that have been combed and cleaned by the cylinder. The top comb 
has only a vertical movement, being lifted out of the way of tlie cylinder comb when the latter is 
passing beneath. The detaching roller g, with its leather-covered fellow 3'., and the accessory 
roller 3®, receive their motion from a cam, which is arranged to turn the roller 3 one-third of a 
revolution backward, then, reversing, two-thirds forward, when it stops until the cylinder-combs 
have prepared another length of fibre. The reverse movement is given to the roller 3 for the pur- 
pose of taking back the rear end of the previously combed fibres, so as to place them under, and 
attach them to, the fibres coming from the combs, to form them into a continuous sliver or riband, it 
being necessary to detach the fibres under operation from the remainder of the fleece as fed in, and 
also from the fibres already combed. The attachment having been made, the roller 3 reverses, and 
removes the next length' of fibres out of the way of the cylinder combs. In order to properly catch 
the partially combed fibres, the top roller 3* is made to move round the axis of the roller 3, into 
contact with the fluted segment of the cylinder thus forming a revolving nipper. The top 
roller is brought into contact by the lever 3* and its connections by means of a cam at the gearing 
end of the machine ; it is in contact with the fluted segment only for a portion of the time that 
the roller 3 is making the partial revolution forward ; but is always in contact with the roller 3. 

Combing being thus completed, the riband of cotton passes to the rollers i i', and is drawn by 
them through a trumpet tube, which presses it together to form a round sliver. The slivers from 
the six heads are then united, passed through the drawing head at the end of the machine, and 
coiled into a can. 

As the combing process has for its object not only the removal of dirt and neppy cotton, but also 
the separation of the short fibres contained therein, the disposal of these may be briefly described. 
When the roller 3* and the fluted segment have got hold of the front ends of the half-combed fibres, 
the top comb falls a little in front of the part upon which the cylinder combs had previously 
operated. The roller 3' and the fluted segment of the cylinder then draw the fibres forward, the 
top comb preventing anything coming forward, except the long fibres protruding through the teeth 
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of the comb. The short fibres are thus left in the portion of the fleece from which the long ones 
have been drawn, and on the rollers d d* delivering a fresh length through the nipper e e*, the combs 
on the cylinder /’ pass through the projecting part of the fleece, and separate from it the neps, dirt, 
and all the fibres not long enough to be firmly held. They thus tahe the waste from the front ends 
of the fibre, and that which was left by the top comb. As the cylinder revolves, the waste is cleaned 
out by the action of the revolving brush z, which has a more rapid motion tlian the cylinder ; the 
brush then throws the fibres upon a dofBng cylinder, covered with card clothing, which is stripped 
by an oscillating comb, when it drops into a receptacle at the back of the machine. This short 
fibre and waste is subsequently used in spinning low and coarse qualities of yam, in which cleanli- 
ness is not an important requisite. 

Drawing. — One of the main purposes of each successive process in cotton spinning is to eliminate 
the defects and irregularities left by preceding operations. An intermittent or irregular supply of 
cotton to the lap machine produces variations in the weight of the laps, occasionally to the extent 
of 3-6 per cent. These, in the carding process, give correspondingly irregular slivers, and, if passed 
through the subsequent stages, would yield the most unsatisfactory results. 

In order to obviate this, in the drawing process, 6-8 slivers from as many different cards are 
combined, and attenuated to the dimensions of one; six of these are again put up, and the 
operation is repeated ; this takes place usually a third time, when the sliver is regarded as having 
been sufiiciently drawn. The series of doublings stands thus — 8 x 6 x 6 = 288, so that the 
irregularities existing at the commencement are reduced to an imperceptible amount. 

The machine by which this is accomplished is the drawing-frame, a front view of which is shown 
in Fig. 539. It is one of the simplest machines employed in cotton spinning. It is the first, 
however, in which is introduced the important principle of drawing or attenuating the material by 
means of rollers. Of these rollers, there are four pairs in this machine, arranged in parallel order 
behind each other. The front pair are visible at a. The two pairs at the rear are fluted ; whilst 
in the two front pairs, it 
is only the bottom ones 
that are so constructed, 
the upper ones being 
covered with cloth or 
leather. These pairs of 
rollers revolve at differ- 
ent velocities, the speed 
increasing from the back 
to the front. By this 
action, the fibres are 
drawn into parallel order, 
the sliver is attenuated, 
and the unevenness of 
each, and the irregu- 
larities of the whole, are 
eliminated. The speed 
is graduated between the 
different pairs, in such a 
manner that the front or 
delivery rollers have a 
surface speed equal to about six times that of the taking-in rollers. Where eight slivers are drawn 
into one, it becomes correspondingly increased. The usual speeds of the rollers are in the fol- 
lowing ratio : — Taking-in, 1 ■ 00 ; 2nd, 1 • 50 ; 3rd, 5 • 75 ; 4th, 6 • 00. These will differ as the draught 
is more or less, but the proportions will be maintained. 

Id the drawing-frame, the cans containing the slivers are arranged behind ; the slivers are passed 
through holes in a horizontal plate, for the purpose of preventing their passing up in the form of 
loops, knots, or kinks. From here they go over a semicircular plate to a guide plate, in front of which 
the ordinary lever-stop motion is placed. This is a compound lever balanced in the middle. One end 
of this is spoon-shaped, and rises in front of the guide plate. The opposite projects beneath the 
semicircular plate, and has a loose bar, attached by a joint, pendant from its extremity. Beneath 
this bar is a notched shaft. The sliver, after passing the semicircular plate, is carried upon the 
spoon-shaped end of the lever ; its weight and the draught upon it depresses it, so as to lift the 
pendant bar out of the way of the revolving notched shaft ; thence, by means of the coder, it is 
neatly deposited in the cans. When the sliver is finished, or breaks, the spoon end of the lever 
rises, the pendant bar at the opposite extremity is depressed, and stops the notched shaft, which, 
being driven by a catch box, its sliding portion is pushed aside, and stops the frame. 

Until about 1840, much difficulty was experienced in making thoroughly even yarn, owing to the 
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fact that efScient supervision could not be obtained from the operatives superintending the prepara- 
tory processes. It will be clear that when six, eight, or other numbers of slivers are drawn together 
into one, should one or more of these become exhausted or broken, and the draught of the remainder 
continue, the resulting sliver will be proportionately reduced in substance and strength. Wherever 
two or more threads are worked together to form one, this is liable to occur, and, when it happens, 
the commercial product is seriously depreciated in value. These defects were constantly pressed 
upon the notice of the trade, and led to many attempts at their removal ; but success was not 
obtained until James Smith, of Deanston, invented the above-described stop motion, which partially 
remedied the evil. Since his day it has been considerably improved, but, at its best, has hitherto 
left much to be desired. It will be obvious, from the description, that its sensitiveness and constant 
action are dependent upon the presence of conditions which cannot always be assured. Many 
attempts to further improve it have been made, but without much success. It is, however, likely to 
be superseded by the electric stop motion, recently introduced by Howard and Bullough, of 
Accrington. 

The inventors of this novel improvement, having regard to the fact that mechanical stop motions 
as ordinarily constructed are often either too cumbrous or complex to be sufficiently sensitive, or, if 
the latter be attained, are too fragile in their parts to be durable, sought to reduce these to a mini- 
mum, and, if possible, to increase the sensitivity. The idea of employing electricity for this purpose 
suggested itself, and the fact that cotton wool, in its ordinary condition of dryness, is a non-conductor, 
favoured the plan. After considerable effort, the invention was perfected ; and, in practical appli- 
cation, it has been found to be all that conld be desired. 

To supply the electric current, the inventors employ a small magneto-electric machine, which is 
driven by a band or belt from the shafting that drives tlie machinery. It is very small, and the 
power needed is not more than would suffice to drive a small domestic sewing machine. 

In Fig. 540 is seen a section of the chief working parts of the drawing-frame, with sufficient detail 
to show the application of the electric stop motion. The rods V and T convey electricity from the 
generating machine to the frame. The parts marked A, 0, D, E, are connected with T, and H, K, L, N, 
with V. The drawing-frame requires to be stopped on any of the following occurrences : — on the 
breakage of the sliver M at any part, or on the exhaustion of the supply ; on its lapping around the 
front rollers ; and on the can Z becoming full. The insertion of the sliver between the rollers pre- 
vents electrical contact taking place. Should breakage occur, the slight space is instantly closed, 
the electric circuit is com- 
pleted, and the small magnet 
P is endowed with power 
to attract the lever, which 
stops the revolving notched 
shaft S ; this, by means of a 
catch box, as in the ordinary 
stop motion, moves the driving 
strap from the fast to the 
loose pulley. Should the 
sliver, or a part of it, begin 
to lap round either of the 
front rollers, the space be- 
tween them is increased, the 
top roller K rising soon comes 
into contact with the screw 
C, which completes the elec- 
tric circuit again, and stops 
the machine. When the can 
Z is filled, and the sliver 
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would run to waste if not attended to, its accumulation lifts the tube wheel N, until it comes into 
contact with the point E, when electrical contact again takes place, and the machine is stopped. 
By means of another arrangement, the electrical circuit is broken when the machine stops and the 
force is made available ffi the needs of other machiutrv. ’ 

The introduction and utilization of this subtle agent in a realm of industry which is almost 
exclusively occupied by mechanical powers is quite new, and, in the cases of the drawin- slubbing 
and intermediate rovmg-frames, to which it has been applied, has proved highly satisfactory For 
the carding-engine, and the final roving-frame, to which it has also been applied, the inventors do 
not so strongly recommend it ; but ™ of oases is it so necessary, as the purposes to be 

answered, and the difficulties to be obviated, are not so impoi-tant. ^ 

In the drawing process, the number of times the material should be doubled and drawn is chieflv 
dependent upon the class of cotton used. The object being to draw the fibres into parallel positions 
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with regard to each other, drawing, carried beyond the point at which this is accomplished, is in- 
jnrious and wasteful, weakening the fibre, and entailing loss. The varieties of cotton in which the fibre 
is soft and pliable, such as American qualities, brown Egyptian, and soft Peruvian, require less 
doubling than the harsh and intractable descriptions, such as Brazilians, &c. Much also in practice 
depends upon personal opinions. For the softer descriptions, when intended for yams not exceeding 
30’s or 32’s, putting it through two heads of eight ends each, thus doubling sixty-four times, will 
generally be found sufficient. In other mixings, or when higher numbers are spun, the employment 
of three heads of drawings is necessary ; one of eight, and two of six ends each, being equal to 288 
doublings. Sometimes eight ends are put through each head, when the number becomes 512. 

Drawing-frames should never be placed in damp rooms, nor should the atmosphere of the room 
ever be allowed to become damp, as it tends to make the rollers “ lick ” the fibre, making a large 
percentage of waste. The opposite extreme of dryness should also be avoided, as it prevents 
the laying of the fibres parallel to each other, because they manifest a tendency to curl, which 
subverts the end in view. 

Stubbing. — As previously defined, slubbing is to further attenuate the sliver, and draw the fibres 
into more perfect parallel order. Instead, however, of 6-8 slivers being put up, only two are usually 
condensed into one. The machinery, in its first working parts, is similar to that of the drawing-frame ; 
but, instead of the sliver — after this process called “ slubbing ” — being coiled in a can, it is wound 
upon a bobbin, or barrel, by means of the spindle and flyer ; the slubbing-frame belonging to the 
series of bobbin and fly frames. It is generally constructed with about eighty spindles as a 
maximum number. These are of a size to fit them for the reception of bobbins 10-12 in. in height. 
The traverse is correspondingly large. In this frame, the cotton is first twisted, the attenuation of 
the sliver having proceeded so far, that, without this, its coherence wonld not be sufficient to pull 
the bobbin round when being drawn off in the subsequent process. As the strand of fibres has to 
be further attenuated, and much twist would prevent this, no more is put in than is necessary for 
the above-mentioned purpose. A better opportunity for describing the flyer, and the differential 
winding motion, will occur subsequently, so it need not be introduced at this point. 

Intermediate, or Second Slabbing. — This is, in aU essential respects, a repetition of the slubbing 
process, the machine containing, however, rather more spindles than the slubbing-frame, and its 
bobbins being smaller — 8-9 in. In spinning Nos. below 20’s, it is not usually employed. The 
accompanying diagrams illustrate the method of applying the electric stop motion to this important 
machine. In its operation, there are two occasions when the frame requires to be promptly stopped. 
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Two “ slubbings ” are put up to form one thread, one of these may break, or the bobbin may become 
exhausted, and it is necessary that these occurrences should be detected immediately, otherwise the 
attenuation of the single thread, which wonld continue passing through, would cause a great amount 
of waste ; or, if permitted to pass into the spinning-frame, it would seriously depreciate the quality 
of the yam produced. Numerous attemjjts have been made to obviate the mischief by mechanical 
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appliances, but without any satisfactory result, until the meat perfect success was achieved by 
this invention. 

As shown in Figs. 541 and 542, the bar on which the springs A are fixed is placed in con- 
nection with the positive pole of the battery or magneto-electric machine. The fluted roller B is in 
connection with the negative pole. The strands of cotton separate the spring and the roller ; but 
when, through the breakage or exhaustion of 
one strand, they come into contact, the electric 
circuit is completed, and the magnet is charged, 
so as to attract downwards one end of the 
double lever F, the opposite end of which, 
rising into contact with a ratchet wheel, acts 
upon a clutch, and stops the machine through 
the medium of the usual appliances. The 
action of the working parts can be most clearly 
seen in Figs. 542 and 543, the latter being an 
enlarged view of the parts. 

Eoving. — This is a continuation of the 
above, the object being the same, and the means by which it is accomplished, identical. The sizes of 
the spindles and bobbins are further diminished, whilst the number of the former is increased, 
ranging from 140 to 200 ; the lift of the bobbin is 5-7 in. Sometimes a second, or fine, roving- 
frame is used, where fine numbers are spun. It is often called a “jack” frame, and carries the 
fineness of the roving to 30-40 hanks. 

For purposes of illustration and description, the roving-frame may be taken as representative of 
the stubbing and intermediate frames. In principle they are the same, and differ only in details. 
AU belong to the class of hobbin-and-fly frames. The roving-frame (Figs. 544, ^5), unlike 
the slnbbing-frame, which draws its supply of the raw material from the sliver cans, is provided 
with a creel similar to, but necessarily smaller in detail than, that of the intermediate frame. 
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possefflea what is temed a “ pressnre-flnger ” e. The arms of the flier, to one of which this is 
attached, are tnbniar, and the pressnre-linger is interchangeable. It is of great importance, in 
ensuring the perfect working and durability of the machine, that the flier should be nicely adjusted 
upon the spindle, and the arms be in equipoise. Two shafts extend throughout the length of 
the machine, under each of the series of plates marked / /* and g g'. The lower one carries the 

S45. 



bevel wheels, that gear into smaller ones upon the spindles, by which the latter are driven. 
Similar gearing, upon the corresponding upper shaft, drives the bobbin at a slower speed, and 
in connection with a differential motion, arranged to accelerate or reduce the pace, as the 
diameter of the bobbin increases by the addition of successive layers of the strand of cotton, and 
according to the principle on which the machine may have been arranged : — viz. whether the flier 
runs faster than the bobbin, or the converse. 

The formation of the raw material into a strand, and its attenuation, commenced in the carding 
engine, where the sliver coming from the card is usually about | hanks to the pound ; after its 
passage through the drawing, slubbing, intermediate, and roving frames, it may have become, 
according to requirement, 5, 7}, or 12 hanks. Should the jack frame be in use, it may be any 
number of hanks up to 40. The roving is now passed to the last machine of the series, in which the 
processes necessary to the construction of a thread from the raw material are completed. This is 
the mule, throstle, or its modification, the ring frame. 

Spinning. — This is the chief process of the series ; those previously described being subordinate 
and preparatory only. There are two methods in use : the older being that which Arkwright, if 
he did not invent, certainly rendered practicable, in his “ water-frame,” which, under subsequent 
modifications and improvements, has come to be called the “ throstle-frame ” ; the second, the 
mule, invented by Samuel Crompton, in which the chief features of Hargreaves’ “jenny” and 
Arkwright’s water-frame are combined. In Hargreaves’ machine, which was the first practically 
successful attempt to spin more than one thread at a time, a portion of roving was delivered from 
the frame, and attennated by the dranght of a receding carriage, containing the spindles, which, as 
they drew out the fibre, gave it the amount of twist necessary to constitute a thread. In all 
spinning machines, the twine imparted by the spindles naturally crowds into the thinnest portion 
of the strand, making it firm and hard, but leaving the thick parts almost unchanged. In this state, 
as the carriage receded still further, the thick parts of the thread were easily attenuated to the 
same degree as the other portion, and properly twisted, making a fairly uniform and even thread. 
This was a far more successful imitation of the operations of the band spinner than was Ark- 
wright’s plan, invented subsequently ; but it was not nearly so successful, owing to the roving 
having to be reduced entirely by the stretch of the receding carriage. The attenuation of the 
roving by the drawing rollers of Arkwright was much more easily accomplished, and admitted of 
the process of spinning being continuous; whilst in the latter, it was intermittent, stopping 
to wind upon the spindle each “draw” or length of yam as it was spun, thus consuming 
nearly of the time. The yam was adso insufficiently twisted for warp purposes, and was fit only 
for weft. That produced on the water-frame was firm and hard, and quickly began to displace the 
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linen wai^ at that time in use. It had, howeTer, numerous defects, the chief of which was it; 
irregularity in strength and evenness. The crude manner in which the preparatory processes were 
carried on at that time yielded a very irregular roving, from which the yarn had to be spun. Ark- 
wright’s machine possessed no means by which this could be eliminated, the drawing rollers 
reducing the thick and fine places only in equal proportion. The need of further improvement was 
therefore generally felt. Amongst the number who sought to accomplish this, was Samuel Crompton, 
who had been accustomed to spin weft on Hargreaves’ jenny. Experience had made him 
acquainted with the merits and defects of both Hargreaves’ and Arkwright’s machines, and shown 
him that, to a great extent, they were complements of each other, and united would almost perfect 
the art of spinning. This he laboured for a long time to realize, and the fruit of his efforts was the 
mule, in which the distinctive features of the jenny and the water-ftame are combined: the 
stretch of the yam in the former, and the attenuation of the roving by means of rollers in the 
latter. The result of his success was quickly seen in the rapid multiplication of spindles chiefly on 
this principle. With subsequent improvements, the mule has become the most perfect and 
important machine in the series, and, as such, claims priority of notice. 

Fig. 546 represents a side elevation of the mule headstock, with a transverse section of the 
carriage, shown as running in, and in the act of winding. The drawing-rollers and roller beam are 
also seen in section. In Fig. 547 is seen a corresponding plan of the mule, showing the headstock 
in the middle, and having spindles working on each side. Fig. 548 is a front view. 
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The driving ^wer is mmmimicated to the machine through the horizontal first-motion shaft, 
on which are the fast and loose strap pulleys A B. When the carriage M has run in to the roller- 
^ or dra^g-roUers, the front of which series is seen at c*, the driving strap is on the fast-pulley A, 
though a portion extends to tte I^e-puUey B. Motion is communicated to the drawing-rollers hy 
the small change ^^1-wh^l C, ^vmg the large bevel-wheel O', mnning loose on the horizontal 
Aaft c, and TOnnec^ with the ^nt line of drawing-rollers. The spindles are also driven from 
the chief mo^ sh^ ^ the double-pooved cord-pulley, or rim, M on the extremity of tte shaft, 
carrying the bevel-wheel C. From this pulley, an endless cord a passes downward, beneath the 
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gaide-pnlley a\ thence to the oblique coid-pnlley a*, ae seen in the carriage M, and to and aronnd 
Bie tin roller o’, keyed on the horizontaL shaft J, which carries the tin cylinders J* nsed for driving 
file spindles. Thence it passes forward, and around the carrier-pulley o'*, fixed to the front of the 
frame, then along the floor to the guide-pulley a’ at the back of the headstocb, and thence to the 
rim-pulley A^. Whilst these movements for the spindles and drawing-rollers are going on, the 
small spur-pinion keyed on the front roller c, drives the spur-carrier-wheel cS which drives 
the spur change-wheel c", fixed on the boss of the smaller spur-wheel c* ; the last-named o’ and c* 
run loose on studs, fixed to the movable weight-levered, hinged on the front roller-shaft c, the spur- 
wheel c‘ gearing into the spur-wheel c*, which is keyed on the shaft H, running the full length of 
the mule, and upon which are fixed three scroll-pulleys, one being seen at c?, and one at each end 
of the shaft. These pulleys have a rope attached to and wound upon them, the other part being 
passed round the guide-pulleys, turned back, and attached to the carriage, for the purpose of 
traversing it outwards as the yarn is spun. When the carriage arrives at the extent of its stretch, 
i. e. is at the point of its traverse the furthest ftom the front drawring-rollers, the faller-shaft 
comes into contact with the incline E', fixed on one end of the beam-lever E, pressing it down, so 
that it turns on its fixed centre W. On the opposite end, is a similar incline E?, also a stud E\ 
on which hangs the pendant cam-plate, the back of which bears against the fixed bracket. At 
the tower end of this bar, is an oblong slot, through which the cam-shaft passes. This slot is of 
sniHcient length to allow of the free vertical movement of the cam-plate. At each end of this slot, 
concentric with its centre, and projecting from the face of the cam-plate, are two circular inclines, one 
of which is seen at E*, commencing its rise, and terminating diametrically opposite, being half a 
revolution. One end of a steel pin abuts against the top of this incline, and passing in a horizontal 
direction throngh the catch-box D’, presses with its opposite end against the other half of the catch- 
box, bolding it out of gear until acted upon. This half of the catch-box slides freely upon a key, fixed 
on the cam-shaft. A spiral spring E®, one end of which presses against its boss, and the other 
against a stop-hoop, which is adjustable to regulate the tension of the spring E®, is fixed with a set- 
screw to the shaft. This shaft next passes through the tubular cam-shaft D, to the back of the 
headstock, where it has the wheel D® keyed upon it When the end of the beam-lever E is pressed 
down, so that it turns on its fixed centre E*, moving its opposite end upwards, it carries the pendant 
cam-plate, with its circular incline, away from the steel pin ; the new position allows the steel spring 
E® to act upon the catch-box, putting it into gear with the catch-box D^, which it carries round half 
a revolution, when the steel pin which is brought with it comes into contact with the second 
incline, puts it out of gear, and causes all motion to cease. The tubular cam-shaft D runs in 
bearings, one at each end, projected from the frame side, and supports the last-mentioned shaft. 
The catch-box D* is keyed on one end, to give it motion. The cam 4, which acts on the lever 6, is 
also fast. The lever 6, passing upwards, extends to the catch-box on the front roller c, and is 
carried by a stud in the frame, the centre of which is seen in the plan. The helical spring 7 
is attached to this lever, and thereby holds the catch-box in gear. The partial revolntion of the 
cam-shaft D is effected by the revolving bevel-wheel 6, fixed on the boss of the loose-pulley B, on 
the first-motion shaft, which gears into another wheel 6‘, keyed on the top of the upright shaft F, 
which passes down to the scroll-shaft. Another bevel-wheel Bn the same vertical shaft 6® gears into 
the large backing-off bevel-wheel shown by dotted lines in the drawing, cast in one piece with the 
spur-wheel D®, and which runs loose on the journal of the main driving-shaft, and gears into 
the spur-wheel D’, on the end of the cam-shaft giving motion. When the carriage arrives at 
the boundary of its stretch, the first movement of the cam-shaft D, actuated in the manner 
explained, is to throw out of gear the catch-box on the front roller-shaft, thus stopping the motion 
of the drawing-rollers and carriage. This is accomplished by the cams 4 and 5; the cam 4, 
coming round, presses against the projection on the lower end of the forked lever 6, working in the 
ring-groove in the projecting boss of the catch-box on the front roller-shaft. The cam 5 presses 
down one end of a beam-lever, the centre of which is seen at the opposite end, lifting the vertical 
bar, the top of which bears against the lower surface of the movable weight-lever c®, and dis- 
connects the spur-wheel c* and the wheel c®, thus stopping the carriage. 

The next operation is stopping the motion of the spindles. This is effected by the worm d on 
the first-motion shaft, gearing with the worm-wheel d' on the end of a short shaft, which passes 
through the bracket d®, fixed to the headstock ; the opposite end of this shaft carries a cam d®, 
which acts at the proper time upon the end of the catch d*, hooking on the end of the bracket d*. 
The opposite end of this catch is joined to the strap-lever d®, which carries the fork to guide the 
strap. When the catch d‘ is hooked on the bracket d®, it retains the strap on the fast-pulley A. 
As the shaft makes one revolution during each stretch of the carriage, the cam d® is so adjusted as 
to act at the proper time upon the catch d*, liberating it from the bracket d®, when a helical spring 
is made to act upon the strap-lever d®, shifting the strap on to the loose-pulley B. The lower end 
of this lever hinges on a stud, fixed in the frame side, and, at this point, it branches off for a short 
distance, in a horizontal direction, towards the back of the frame, passing under a short projection 
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from the backing-off lever <fi. This projection rests upon the branch of the strap-lever ; its ofSce 
is to prevent a shock when putting the backing-off cones into gear as the strap leaves the fas& 
pulley. The backing-off lever oscillates on a stud fixed in the frame. On the upward branch of 
the lever, is a loose stud (P, which is secured to one end of a screwed rod, by means of two nuts, so 
as to be adjustable ; the other end is attached, by means of a small stud, to one end of the 
horizontal lever d®, the middle portion of which fits the ring-groove on the boss of the conic^ 
friction-pulley, by means of which the latter is brought into frictional contact with the internal cone 
of the backing-off wheel 6’, on the main driving-shaft, and is thus made to revolve in an opposite 
direction to the main driving-shaft, by the bevel-wheel, on the boss of the loose-pulley B, as before 
shown. Thus, when the friction-cones are brought into contact, combined with the motion of the 
pulley A* and the main driving-shaft, the change reverses the revolution of the spindles. As soon 
as the backing-off commences, the ratchet-wheel j, which is keyed fast on the tin roller-shaft, is 
carried round with it. On the boss of this wheel, a ring-groove is turned, which is clipped by a 
bent spring p, and the latter being carried round with it by frictional contact, its free end bears 
against the tail of a catch r, pressing it into gear with the ratchet-wheel j, which carries the last- 
named catch and its stud with it. This stud is fixed in the disc 3, which runs loose on the tin 
roller-shaft J. The boss of the disc is formed into a spiral groove, increasing in diameter as it 
approaches the flange. A chain j' is attached to this boss, and, winding round the spiral groove, 
passes horizontally towards the front of the carriage, partially round a flanged carrier-pulley, fixed 
on the top end of the lever then up to and over a short bent lever p^, and is fixed on the faller- 
shaft p, being attached by means of a screw and wing nut, to adjust its length. This short lever 
pulls down the faller-wire to the apex of the cop. A lever p' is fixed on the faller, and, at its free 
end, is a stud, on which hangs the pendant bar jp. By the time the faller-wire s has attained the 
level of the points of the cops in process of formation, the foot of the pendant bar is drawn upon 
the top of the slide, with its anti-friction bowl resting on the cop-shaper R. A stud is fixed in the 
pendant bar, on which is placed the adjustable rod p*, the other end being attached to the upper 
extremity of a short lever, placed just within the carriage. The opposite end of this lever is 
connected with a short shaft, at the extremity of which is fixed another lever p‘, which passes 
downwards beneath the carriage. The free end of this lever is formed into a double or forked 
incline, sufficiently wide to fit the anti-friction pulley p®, which runs loose on a stud, fixed into the 
end of the lever p'. This fork presses down the friction-pulley, which carries with it the lever p', 
the lower end of which is secured to the end of a short shaft, passing through a bracket, fixed to the 
lower portion of the frame. On the opposite end of this shaft, is fixed the boss of the lever p®, to 
which, at its lower extremity, is secured a stud ; to this stud is attached one end of a long rod p®, 
which passes to the back of the headstock. Kear to its extremity, is a stop-hoop, against which 
one end of a helical spring p'® abuts, the opposite end pressing against the lower end of the backing- 
off lever d® , where the rod passes freely through, compressing the spiral spring p^®. At its 
extremity, is fixed a second stop-hoop p*', which is fixed on the rod with set screws, being adjustable. 
The office of this stop-hoop is to disconnect the backing-off cones. 

The inward movement of the pendant bar stops the further progress of the faller-wire, and locks 
the faller to the shaper. The chainej'*, being still in tension, draws the chain-pulley inwards ; 
acting upon the upper end of the lever p®, and upon the lower end of the lever p', move the long 
rod p®and stop-hoop p'', carrying with them the backing-ofl' lever d®, which puts out of contact the 
conical friction pulley, when the backing-off ceases. On the upright shaft F, at the back of the 
headstock, is a cone friction-pulley F>, one half of which slides on a key, fixed in the shaft; on its 
boss is a ring-groove. The other half runs loose upon the shaft, and, keyed upon its boss, is a 
bevel-wheel, which gears into a similar wheel on the scroll-shaft F\ which extends for some distance 
on each side of the headstock. Two scrolls are fixed on this shaft, one of which is shown at F®. A 
stout rope A, made fast to the boss, is then wound round the scroll attached by its end to the 
carriage, and thus pulls it in. A second rope is attached to the other end of the scroll, and is 
wound round in an opposite direction, passing off at the under side, and along the floor to the 
front of the headstock, where it passes over a carrier-pulley, fixed to the frame, and then back to the 
front of the carriage to which it is attached. At the lower extremity of the lever p“ is fixed a stud, 
carrying an anti-friction bowl, on which the lever I rests while the hacking-off is in progress; the 
boss of this is attached to the shaft f*, which passes along the floor to the back of the headstock. On 
this, is a second lever, having at its free end a fixed stud, on which is placed one end of a vertical 
rod i*, which is attached to the forked lever P , the free end of which works in the ring-groove, on 
the boss of the loose half of the frictional cone-pulley F‘, holding it out of contact. ° When the 
lever p® drops down, taking with it the lever /, it allows its shaft to rock, which causes the lever 
at the back end of the shaft to f.ill, bringing the cone friction-pulleys into contact, which gives 
motion to the bevel-wheels and scroll-shaft, and “ puts up,” or draws in the carriage. 

At the moment that the cone-friction is in gear, the mitre-wheel G on the back shaft H, gears 
into the mitre-wheel G* on the side shaft G^. At the opposite extremity of the shaft, is a second 
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pair of mitre-wheels, giving motion to the shaft G*, on the other end of which is keyed the spnir 
pinion I, gearing into the spur quadrant-wheel I‘, which forms a portion of the radial arm I*, 
oscillating on a stud fixed in the frame. A coarse-threaded screw T is mounted upon this arm, and 
on it is fitted a nut f, free to move up and down. To this nut, is attached a chain i, which, 
passing down, is wound upon the chain-drum i*, and made fast. The chain-drum ** is cast in one 
piece with the spur-wheel »*, and keyed on a short shaft, gearing into a spur-pinion i’ on the boss of 
the disc i*, which runs loose on the tin roller-shaft J. A stud is fixed in the disc, which bears a 
catch that takes hold of the teeth in the ratchet-wheel t®, fixed on the tin roller-shaft J. A 
bent spring clips into the ring-groove, in the end of the journal T, and its free end rests on the 
small catch i®, thus completing the connection between the quadrant and the tin roller, by means of 
which the yam is wound upon the spindles. 

When the backing-off is completed, and the fatler-wire is down at the apex of the cop, the anti- 
friction bowl at the foot of the pendant bar is resting on the lower part of the short incline, at 
the front of the shaper E. As the carriage, on running in, commences to wind the yam on the cop, 
the bofrl ascends the incline, further depressing the faller-wire to the base of the upper cone. The 
action of the parts is to uncoil the chain from the winding barrel, which gives motion, through the 
spur and ratchet-wheels, to the tin rollers, and thence to the spindles. The quadrant moves 
round its centre | rev., and gives less chain, which increases the speed of the spindles, as the threads 
approach the apex of the cone of the cops. 

When the building of the cop commences, the above-mentioned nut stands at the bottom of the 
screw, at the centre of oscillation. On the extremity of this screw, is a bevel-wheel T', gearing into 
a similar wheel on the boss of a spiral wheel T^, running on a fixed stud. This spiral wheel 
gears into a second spiral wheel T®, on the shaft T* ; on the same shaft, is fixed the spiral roller 
T^. At this point the bowl begins to descend the longer incline of the shaper, which allows the 
faller-wire gradually to rise, guiding the thread to the apex of the cone of the cop, as the spindle 
winds it on. For a short distance, at both ends of the shaft T\ is cut a screw-thread, which passes 
through a fixed nut bearing the shaft up. As the latter turns round, the spiral roller is taken 
towards the back, which gives less motion to the nut in the radial arm ; this continues till the 
bottom of the cop is completed, when the spiral roller passes out of range, and its action ceases. 

By means of this arrangement, when the yam becomes too tight in winding on, the counter- 
faller o is depressed ; a lever under the carriage, which is attached to the counter-faller by a chain, is 
lowered until it comes into contact with the spiral roller, to which it gives motion ; by this means, 
the screw in the radial arm is turned round, working the nut upwards, imtil the yarn is slackened 
so much as to permit the counter feller to rise, and to disengage the lever from the spiral grooves 
in the roller. 

When the winding of the yam upon the spindle is completed, and the carriage arrives at the 
drawing rollers, the fellers are disengaged by the pendant bar striking a fixed stop in the frame, 
pushing it outwards, and disengaging it from the slide, when the fellers rise by the action of their 
springs. When the carriage has been put up, and has arrived within a few inches of the roller 
beam, the feller-shaft comes into contact with the incline E®, pressing down the end of the long 
beam lever E, and forcing the pendant bar, with its circular incline, away from the steel pin, which 
allows the catch-box D® to turn the cam-shaft J rev. when it puts the strap upon the fast-pulley, 
and all the other motions into their original positions, where they are ready to recommence 
spinning. 

The operation of this complex arrangement of shafts, wheels, levers, pulleys, ropes and springs, 
may be briefly recapitulated as follows ; — The creel having been supplied with bobbins containing 
rovings, the ends of the latter are passed through small guide-wires, and between the three pairs of 
drawing-rollers c. The function of the back pair — that first taking hold of the roving — is simply 
to draw the latter from the bobbin. The motion of the middle pair is slightly quicker than the first, 
but only sufiBoiently so to keep the roving uniformly tense, in order that when delivered to the next, 
or front pair, running much more quickly, the “ drawing,” or attenuation of the roving may be 
equal throughout. Connection is then established between the attenuated rovings and the spindles. 
When the latter are bare, as in a new mule, the spindle-driving motion is put into gear, and the 
attendants wind upon each spindle a short length of yam from a cop held in the hand. This done 
the drawing-roller motion is placed in gear, and the rollers soon present the attenuated roving in 
front, to which the threads on the spindles are then attached, by simply placing them in con- 
tact with the untwisted roving. The different parts of the machine are next simultaneously 
started, when the whole works in harmony together, the back rollers pulling the sliver from the 
bobbins, and passing it to the succeeding pairs, whose differential speeds attenuate it to the required 
degree of fineness. As it is delivered in front, the spindles, revolving at a rate of 6000-9000 rev. a 
minute, twist the hitherto loose fibres together, thus forming a thread. Whilst this is going on, the 
spindle-carriage is being drawn away from the rollers, at a pace very slightly exceeding the rate at 
which the roving is coming forth. This is called the “gain” of the carriage, its purpose being to 
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diminate all irregnlaritiM in the fineness of the thread. Shonld a thick place in the roving come 
thiongh the rollers, it wonld resist the efforts of the spindle to twist it ; and, if passed in this con- 
dition, it wonld seriously deteriorate the quality of the yam, and impede subsequent operations. As, 
however, the twist, spreading itself over the level thread, gives firmness to this portion, the thick 
and untwisted part yields to the draught of the spindle, and, as it approaches the tenuity of the 
remainder, it receives the twist it had hitherto refused to take. The carriage, which is borne upon 
wheels, continues its outward progress, until it reaches the extremity of its traverse, which is 54 in. 
from the roller beam, when the revolution of the spindles ceases, the drawing rollers stop, and the 
backing-off commences. This process is the unwinding of the several turns of the yam, extending 
from the top of the cop in process of formation to the summit of the spindle. As this proceeds, the 
faUer-wire, which is placed over and guides the threads upon the cop, is depressed ; the counter- 
faller at the same time rising, the slack unwound from the spindles is taken up, and the threads 
are prevented from ru n ning into snarls. When the baeking-off is completed, the carriage com- 
mences to ran inwards — that is towards the roller-beam — the spindles winding on the yam at a 
uniform rate, but by means of a varying speed in their revolution, as the fuller is guiding the 
thread upon the larger or smaller diameter of the cone of the cop. Immediately the winding is 
finished, the depressed faller rises, the connter-faller is put down, and the former actions recom- 
mence in the order described, and are repeated until the “ set ” is completed — that is, the oops on 
each spindle are perfectly formed. In modem mules, when the set is finished, a stop-motion 
paralyzes every action of the machine, rendering it necessary to “ doff,” or strip the spindles, and 
to commence anew. Dofiing is performed by the attendants raising the cops partially up the 
spindles, whilst the carriage is out ; then depressing the faller, so far as to guide the threads upon 
the bare spindle below. A few turns are wound on, to fix the threads to the spindles for a new 
set, and then the cops are removed, being collected into cans or baskets, and subsequently delivered 
to the warehouse. The remainder of the “draw” or “stretch,” as the length of spun yam is 
called when the carriage is out, is then wound upon the spindles by the carriage being run np to 
the roller beam. Work then commences anew. 

The modem mule is one of the most perfect triumphs of mechanical skilL The processes 
described above are entirely automatic, the labour of the attendants being confined to superintend- 
ing : supplying the creel with rovings, piecing the broken threads, doffing the completed sets, and 
cleansing and lubricating the whole. In order, however, that the best results may be secured, from 
the machine, it is necessary that an intelligent supervision should be exercised over it by managers, 
and great care be displayed by the attendants, otherwise serious damage can easily be done, and can 
only be repaired at great cost and trouble. Imperfect adjustment of the spindles and rollers, or 
neglect to lubricate the spindle footsteps, bolsters, and roller-bearings, or the friction surfaces of 
the headstock, may soon cause the neglected parts to wear down, and cause more or less defective 
action in the parts, greater labour for the attendants, and an inferior product for the result. 

One of the most important parts requiring attention is the setting of the drawing-rollers in all 
the machines where they occur. Should the top and bottom rollers of each pair not be set accurately 
parallel, a great deal of destractive action takes place. In one part, the fibre is overdrawn, strained, 
broken, or cut. On the opposite side, where the rollers are too close, it is underdrawn and nepped 
(rolled), the product from the different bosses varying also in counts. The fiuted surfaces, and the 
leather covers, are also greatly injured, and soon wear out. Great skill and care have hitherto been 
required for setting the top drawing-rollers with the accuracy necessary to produce the best results, 
and these qualities are not always available. As tending to obviate these difficulties, we may draw 
attention to the recent invention of a roller adjusting gauge, by H. H. Clayton, of Hyde, whose 
name has already been mentioned in connection with an improved method of lap skewering. By 
the use of this gauge, rollers may be set with the greatest accuracy and speed by an unskilful 
person. 

The automatic or self-acting mule is not used for numbers of yams much above 60 ’b or 70’s. 
When these points are passed, it has been found advantageous to retain the hand mule, which 
admits of being tempered to exigencies more readily than its rigid mechanical competitor. In 
spinning fine numbers of yarns, a distinctly different principle is introduced. When the carriage 
is within a few inches of the end of its traverse, the drawing-rollers stop delivering the raving, 
whilst the carriage, continuing its traverse, stretches the thread the remainder of the distance. 
This is for the same purpose as the “ gain ” of the carriage mentioned in spinning the ordinary 
counts. 

In spinning the finest counts, the ordinary hand mule itself has to give place to a still more • 
sensitive form of the mule, called the “ Box Organ.” In this mule the arrangement of the parts is 
such' as to compel the spinner to wait until all the vibration ceases, before making the different 
changes. This is requisite, as the least tremor has a tendency to break down the almost invisible 
threads. This machine is usually employed for numbers above 160’s. 

The throsUe-frame, as used in cotton-spinning to-day, is a development of the water-frame ” of 
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Arkwright. The latter maohine, at the time of its invention, was justly i^iarded as displaying 
remarkable ingenuity and merit. In it, the system of drawing or attenuating the roving by means 
of rollers was first made a practical success, and proved so superior to aU other modes that, until 
the invention of the mule, by Crompton, the water-frame stood far above all competitors. After the 
expiry of Arkwright’s patent, the existence of which temporarily prevented the mule coming into 
use, the latter kept it in check, but never altogether displaced it The relative superiority, in point 
of solidity and firmness, of yam spun upon the water-frame rendered it extremely suitable for warp 
purposes, and better than could be obtained from the mule. It maintained this position until quite 
a recent date ; and even now, the best mule-spun yam does no more than equal it. For producing 
some descriptions, it is yet esteemed superior to all other machines, and unless such exist in the 
ring-frame — ^itself an important modification of the throstle — it is held to he without a formidable 
rival. 

The throstle-firame is one of the series of bobbin-and-fly frames ; in fact, the parent of the whole. 
In appearance, it differs little from the roving frame, previously illustrated, except that in detail 
its parts are smaller, and its spindles are more numerous. The latter ron at a velocity of 3000- 
5000 rev. a minute, and are driven from a central shaft, placed within, and extending throughout 
the length of the machine, and supplied with driving pulleys at one end of the frame. This shaft 
carries a long tin cylinder, from which motion is transmitted to the spindles, by means of endless 
cotton bands, ranning upon small wharves on the latter. Each spindle is supplied with a flannel, 
leather, or cloth washer. On the top of each spindle, is mounted a flier ; and midway, is the bolster- 
rail. When ready for work, each spindle is supplied with a bobbin — a small short tube with a 
flange at each end. These flanges differ in shape, the top one being slightly convex on its upper 
surface, the bottom one being concave, causing the bobbin, as it were, to stand upon a ring, coinci- 
dent in its dimension with the circiunference of the flange which constitutes the base. It is con- 
structed thus, in order to diminish the friction that would otherwise exist. The bobbin fits loosely 
upon the spindle, and rests upon the cloth washer. The spindle-holster, in most frames, is made to 
traverse up and down a distance equal to the length of the tube of the bobbin, or the space between 
the heads. This is called its “ lift.” In some instances, there is an independent lifting rail. The 
“ ends” or threads having been attached to the bobbins, and the machine having been started, the 
twist is put in the roving as it comes from the rollers by the revolution of the spindles, the thread 
passing through the top of the flier, and then around its leg to the bobbin. The latter, being only 
in slight contact with the spindle, has a constant tendency to fall behind it in speed, were it not 
pulled along by the attached thread. As, however, the latter is being delivered by the rollers, the 
bobbin is permitted to drop behind, so much as to take up the yam as it is spun, winding it upon 
its barrel or tube. In order that the yam shall be evenly distributed, the bolster or lifting rail 
carries the bobbin up and down the spindle, which causes the yarn to be wound in even layers. 

“ DofiBng,” which is the operation of removing the full bobbins, and supplying the spindles 
with another set, is performed by the attendant called a “minder” — always a female — and an 
assistant child of either sex, denominated a doffer. In an ordinary sized frame, this generally 
takes 4-5 minutes ; and, as the bobbins are small, and doffing is a frequent operation, especially in 
spinning low Nos., it is obvious that a considerable amount of time is expended on that process, 
besides the cost of keeping a set of operatives to perform it. The latter amounts to 4d.-6d. a spindle 
per annum. In consequence of this, many attempts have been made to devise some method of 
superseding manual by mechanical doffing, one of which, invented by Bernhardt, a spiimer of 
Radcliffe, near Manchester, is generally regarded as a practical success, though the first cost of its 
application has prevented its extensive adoption. 

The throstle-frame has always possessed two great merits, those of being continuous in its 
operation, and of permitting the employment of feirrale labour for its superintendence. These 
principles have led to numerous efforts to overcome its acknowledged defects, with the result that 
great improvements have been made from time to time. Amongst the earliest of these efforts must 
be ranked those of the late G. Bodmer, of Manchester. In patents taken out in 1838 and 1842, 
there are descriptions of a “ bastard ” spinning frame — a throstle-frame without fliers, and with 
mule spindles, on which cops were spun like those in the mule. This frame possessed what would 
now be called the ring and traveller, and, without much doubt, it forms the basis of the modern 
ring-frame, the origin of which is generally attributed to American inventors. 

The throstle-frame, owing to its being available for the employment of female labour, was 
always the most popular spinning machine in the United States ; and the experience gained by 
its extensive use stimulated invention, and led to its comparatively perfect development. 

Whether the ring-frame was an English or American conception originally, it is undoubtedly 
the fact that it is in the latter coimtry that it has been brought to such a degree of perfection as to 
render it a better machine than the throstle-frame, and also to endanger, for low and medium Nos., 
the supremacy hitherto enjoyed by the mule. In this country, during the last few years, it has 
attracted a great deal of attention, and been extensively adopted. 
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The ring-frame ia a modified throstle, and preaerres its chief features. It differs from the latter 
machine mainly in having the flier replaced by a ring, which is fitted in the traverse rail. From 
this it takes its name. This ring is grooved inside and out, or made with flanges, and ia furnished 
with a amall piece of flat steel wire bent in a form almost like the letter D, with the vertical lino 
cut through, to permit its passage over the flange of the ring, when it clips into the groove. This 
is called the traveller. Its oflSce is to oonstitute a drag upon the yam, by means of which the 
latter is wound upon the bobbin. Its size and weight depend upon the counts of yam required to 
be spun : coarse yams demand the largest rings and heaviest travellers ; and the finer yams, the 
opposite. The capability of the frame extends from the lowest numbers to 50’s or 60’s ; but it has 
not been found expedient as a rule to pass the first-named point. 

Owing to the high speed of the spindle— 5000-9000 rev. a minute — that has been attained in 
the ring-frame, it has been found that the dimensions and constmction of the spindle are points of 
vital importance. The frame alluded to above is furnished with what is known as the Babbeth 
spindle. Of the three illustrations contained in Fig. 549, A represents a section of the spindle 
complete with bobbin ; B, the spindle with its sleeve ; C, spindle complete with bobbin. A brief 


description will suffice to render its constrac- 
tion easily comprehensible. The steel spindle 
A is furnished with a cast-iron sleeve B, which 
is firmly secured to it. This sleeve at its lower 
extremity has the wharve C cast upon it, for 
the reception of the driving hand. A tubular 
bolster D is constructed to receive the lower 
part of the spindle. Literally it is a com- 
pound of bolster and footstep. The top of its 
tube is fumishe 1 with a German silver bush E, 
of which the dark lines indicate the section. 
This, when the spindle has been inserted, forms 
a cavity below, constituting an oil chamber or 
reservoir H. This effectually secures the per- 
fect lubrication of the spindle foot, and of its 
frictional portion in the bush E at the top of 
the bolster D. The chamber carries sufficient 
oil to ensure perfect lubrication for several 
months, and experience demonstrates it to be 
efficient. The question arises at this point as 
to whether its lubricating properties may not 
become impaired or destroyed after being sub- 
mitted for a lengthened period to the attrition 
of the revolving spindle; or whether si me 
chemical action may not be induced which 
will essentially change its nature. In con- 
tact with brass in the bolster or footstep, after 
some time, oil becomes turbid, green, and 
slightly viscid. If this point has been decided 
favourably, as we are assured, this arrange- 
ment would appear to be unobjectionable. 
Should the oil work up and over the top of the 
bolster, the bobbin and yam are still quite free 
from risk of contact, the oil falling down in- 
side the sleeve B, and passing out beneath the 
wharve upon the exterior surface of the bolster. 


549 . 



ABC 


By means of the sleeve B and the bush E, the oil ia securely protected from contamination by 
loose fibres, dust, or atmospheric influences. Upon the top of the wharve C, a brass cup F is 
securely fixed, for the reception of the foot of the bobbin G, which, however, has its chief 
bearing at the bushed part near the top of the spindle. The brass cup assists to steady the bobbin, 
and preserve the balance of the spindle; but its principal function is to facilitate doffing. In 
removing the full bobbin, the thread between the bobbin and the traveller coils itself in an open 
spiral upon the sleeve of the spindle. The empty bobbin, being placed upon the spindle, puslies 
the thread downwards into the cup, where it is firmly held by the contact of the two surfaces. 
After each operation of doffing, the threads are thus secured without loss of time, simply by the 
process of supplying the frame with a fresh set of bobbins. The bottom of the bobbin being within 
the cup, and the thread trom the traveller passing over its edge, it is just in the proper position for 
recommencing spinning. The bolster is secured in position by means of the nut K. The wire J is 
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for the purpose of retaining the spindle in the bolster during the doffing operation, or when tahing 
the bobbin off for other reasons. * 

Another of the most successful ring-frame spindles is represented in Fig. 550. It is known in 
this country as the Booth-Sawyer spindle. Like the Eabbeth, it is of American origin. In the 
illustration, 1 represents the outline of the spindle mounted with bobbin; 2 is a vertical section of 
the same ; 3, the bare spindle. As will 550 

be seen from the third sketch, the 
spindle is very simple, carrying only 
the wharve E, and a cup forming an oil 
cliamber K. The bolster has a tube B, 
which is spirally grooved inside. Its 
basement is constructed in the form of a 
tube L, which receives the oil-cup K 
on the spindle. The bush 4, composed 
of bronze, is fitted into the top of the 
bolster-tube, and constitutes the bear- 
ing. The footstep C is furnished with 
an oil chamber F, and a tube extends 
to the wharve. In the bolster, lubri- 
cation is efiected at M, when the oU 
poured into the cup flows through the 
hole into the bolster-tube, until it meets 
the revolving spindle, which carries it 
along the spiral groove to the bronze 
bush, where it comes into contact with 
the bearing surfaces between which it 
is forced by the pressure of the stream 
ascending from below. As this is con- 
stantly going on, the oil would be liable 
to pass over the top, flow away, and be 
wasted ; but against this, provision is 
made by vertical grooves being cut into 
the sides of the bush, as seen at 4, and 
in the section of this at 5, the bush 
being inserted a little below the top of 
tlie bolster-tube, the oil which overflows 
passes down the vertical groove F in 
the bush, and at O re-enters the bolster- 
tube, there to be used over again. This 
is continuous, so ti.at the spindle is 
kept perfectly lubricated, and no oil is 
wasted. When the spindle is at rest, the oil flows down the spiral groove into the spindle cup K, 
where it remains until work is resumed. Both oil chambers are supplied with covers, to prevent 
the entrance of loose fibre, dust, &c. Experience has proved this to be an efficient and economical 
method of lubricating the spindle, wliich, owing to the high speeds attained, is an absolute neces- 
sity if the machine is to be preserved for any length of time in working order. The bobbin for the 
Booth-Sawyer spindle is designed to secure lightness, firmness, and steadiness on the spindle. It 
possesses a wide bore, which extends almost to the top, where it is reduced so as to fit the spindle 
point only. In the centre of its length, it is bushed, at which point the second bearing is formed. 
Thus being firmly held at two points upon the taper spindle, it is quite free from vibration. 

There is a tendency in the “traveller” to collect fibre upon itself, which seriously injures 
the quality of the yam, by increasing the strain upon it beyond the point it is calculated to bear. 
Many ingenious attempts have been made to overcome this difficulty, and several plans now in use 
are more or less efficient. 

The ring-frame appears to have a great future before it ; and since its introduction a few years 
ago, it has greatly risen in public estimation. At the moment of writing, we are informed that 
the largest firm of cotton machinists in this country have not a single order in hand for the 
ordinary throstle-frame, whilst they have several for the ring-frame. Every maker of cotton 
m.ichiuery in England has turned his attention to it ; and many have sought to improve upon its 
present condition. As ordinarily used in America, and as introduced into this country, there are 
several drawbacks against its general adoption. The necessity of employing a bobbin, upon which 
to wind the yam, would seriously interfere with the trade in yam as at present conducted. The 
small quantity of yarn that can be put upon the bobbin, the weight of the latter in proportion to 
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the yam, and the cost of its transit to and fro between the spinning mill and the weaving shed, 
wonld form important items of expense, and do mnch to neutralize aU its advantages. A very 
great proportion of the yarn spun in this country is produced for sale in that form, and is 
manufactured elsewhere. This is not the case in America ; hence the same difiBculty has not been 
experienced there. Another obstacle to its adoption is the fact that it has not yet been adapted to 
produce weft yarns, or filling, in the beat forms. For some time, filling has been spun upon the 
ring-frame in America ; but where this is the case, bobbins have been employed, and these have 
not been capable of reduction below a point which required the use of a large shuttle in the loom, 
or the re-winding of the yarn upon pirns, both of which courses are extremely objectionable. 

The ingenuity of English machinists has therefore been directed towards the removal of these 
difficulties, and to the modification of the frame so as to fit it for incorporation with the existing 
system. The attempts made have been partially successful. Several makers have been able to 
dispense with the bobbin, and have spun cops upon paper or metallic tubes. This may be 
regarded as a partial success, but it will hardly be perfect until these can be abolished altogether. 
“ Pin ” cops, otherwise “ pirn ” cops, for the shuttle have also been successfully produced from 
machines constructed by Samuel Brooks, of Manchester, and John Tatham, of Eochdale. The 
machines upon which this has been done only require perfecting in a few points of detail before 
they become commercial successes ; and this may be confidently expected in a very short time. 

The adoption of the ring-frame is greatly to be desired, from the fact that it will preserve a 
large amount of capital invested in mills erected 25^0 years ago, but which, owing to recent 
improvements in the construction of the mule, are unable to compete with mills furnished with the 
most modem plant. These, however, could be easily adapted to the ring-frame.: in fact, without 
alteration even are nearly as suitable as new erections would be. On this ground, it is to be hoped 
that success may attend the efforts being made to improve it. 

Reeling. — This is one of several subsiiliary processes carried on in connection with spinning, 
according to the character of the business transacted. It is used in the preparation of yams for 
export, and also when the yarn as suclr has to undergo the further processes of bleaching, printing, 
or dyeing. For the former purpose, it is “ straight ” reeled, and made up into “ short ” bundles ; for 
the latter, “ cross ” reeling is preferred, and the yam is made up into “ long ” bundles. 

Where throstles or ring spinning frames are used, reeling, or “ ball-warping,” is a necessity, when 
the yarn is sold from the mill, as the transit of the bobbins backwards and forwards entails expense 
and loss, which it is usually sought to avoid. Warping will be explained under the next division. 

Doubling. — This is a process in the course of manufacture, and is generally carried on in con- 
nection with spinning, though it often forms a separate and independent business. In it, two 
threads are twined together to form one. The throstle machine is most usually employed for the 
purpose. It is in all respects the same as the spinning-frame, except in being deprived of the 
drawing-rollers, which are replaced by a single pair of rollers of larger diameter. There are two 
processes of doubling, called wet,” and “ dry.” In the former, this pair of rollers are covered 
with brass, to prevent oxidation. After it leaves the cop or bobbin, the yam is passed through 
zinc troughs filled with water. Inconvenience arises from the use of these troughs, through their 
liability to become receptacles for loose fibre, dust, &c., which is agitated when the water is 
renewed, and fouls the yarn, or necessitates the stoppage of the frame during its subsidence. 
This may be avoided, and all the troughs in a frame may be fed at one operation from a supply 
pipe at the end, by connecting the troughs together by means of little inverted U-shaped syphon 
pipes. This will prevent damage to the yarn, and loss of time. After passing the troughs, the 
yam goes between the pair of rollers to the flier on the spindle, which gives it the requisite twist, 
and delivers it to the bobbin ; this, lagging slightly behind the spindle in its revolution, winds up . 
the thread. 

In the doubling-throstle, especially where fine numbers are doubled, several serious disad- 
vantages are encountered. One of these is in the fact that after duffing it is necessary to oil the 
spindles, in order to make the bobbin slip more freely than it otherwise would, so as not to 
break the fine threads in process. The consequence is that many bobbins soon become saturated 
with oil, the dry porous wood readily absorbing it, whereby the weight of the bobbin is greatly 
increased, and the drag is rendered unequal as compared with others that have not absorbed oil. 
This produces irregularity in the yam. A greater evil is the large number of bobbins that are 
rendered useless. The saturated bobbins also stain the yam wound upon them, by which its 
value is depreciated 3d.-6<i. a lb. Often when a frame has been replenished with bobbins 
it is found that several will not slip ; and the threads, after breaking and being pieced several 
times, are thereby rendered unfit for their purpose. They are then taken and stripped with a knife ; 
yarn worth l-5s. a lb. being thus reduced to waste, worth only ir-dd. a lb. In numerous other 
ways, yam is stained by the saturated bobbins, and thereby greatly depreciated in value. A great 
quantity of oil is also consumed in the lubrication of the spindles, and a heavy loss is sustained 
weekly by the necessity of throwing out as unfit for use a great number of saturated bobbins. 

The losses thus arising have led to many attempts to devise a remedy, though, until quite 
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recently, without much snccesa. An invention just perfected and patented by Taylor and Eamsden, 
of Bolton, has, however, accomplished the end songht. The arrangement is illustrated in Fig. 551. 
The spindle is reduced in length, and slightly tapered towards the top. The flier / is removed 
from the summit of the spindle — the position it occupies in the ordinary throstle 


— inverted, and relegated to the place formerly occupied by the bobbin b. In- 
stead of being made fast, as before, it has a boss 5" fixed to it, and is left loose 
upon the spindle, resting upon the bolster-rail r, with only the ordinary leather 
washer intervening. Midway on the spindles, is placed a braid b', uniform in 
height. These braids have a rib cast upon and across their upper surface. The 
bobbin b being put upon the spindle, descends to the braid, the rib upon the latter 
fitting into a groove in its base. It is there held with sufficient firmness to pre- 
vent slipping. It will thus be seen that with the inversion of their relative 
positions, their functions are also exchanged : the drag being obtained ftcsn the 
flier, instead of the bobbin, as before. Fig. 551 exhibits the application of 
Taylor and Kamsden’s invention to existing spindles. In the construction of 
new machines, it would be further modified, as seen in Fig. 552. This repre- 
sents the most perfect form it has yet attained. The important changes effected 
will be best seen by contrasting the following particulars of the old and new 
forma : — ^length, 16 in. : 11 in. ; weight, 14 J oz. : 5 oz. ; length of traverse, 2 in. : 
IJ in. ; weight of flier, 3 oz. : 1 j oz. ; diameter of bobbin across top, 1 j in. : 2 in. 
The new form easily attains a speed of 7000 rev. a minnte, whilst maintaining 
good results. The braid b' is dispensed with. 

The advantages of this arrangement are obvious, and will commend them- 
selves to everyone practically acquainted with the matter. The bobbin is placed 
quite away from contact with oil, and revolves with the spindle. There are 
consequently no bobbins saturated, and no oil-stained yam. The fliers not being 
to take off, doffing can be performed by the minder, a spindle at a time, without 
stopping the frame. This increases production and diminishes expense, dis- 
pensing with dofiers’ wages. The space between the arms of the flier is also 
increased. Bobbins can be used until they break, and the introduction of larger 
flanges greatly increases their capacity, and reduces the number of knots made 
by piecing the yam in the winding room. There is no waste from snarled yam 
at the spindle top, as in the old arrangement. In wet doubling, the fliers soon 
become rusty, and comparatively rough, which, owing to the thread having to 
pass several times round the arm, causes it to be frayed and roughened. In the 



new arrangement, this is obviated, the surface of the yarn is more glossy and free from fibre 
enabling a better thread to be made from a standard quality of cotton, or the standard to be lowered 
whilst the quality is maintained. 


In a large establishment, say of 65,000-70,000 spindles, the economy resulting 
from this invention has been estimated at 15001. per annum, and may safely be 
put at a considerably higher figure. 

The ring-frame has also been very successfully ad.apted to doubling, and 
the yam from it occupies a position intermediate in its characteristics between 
the productions of the throstle-frame and the twiner. 

The last-named machine, the twiner, is an adaptation of the mule for doubling 
purposes, and the characteristics of the yam from it are that it is less firm and 
hard than that from either of the above-mentioned machines. 

Gasing. — This is a process in which yam is passed through a jet flame, in 
order to bum from the surface of the yam the ends of the fibres that have not 
been thoroughly incorporated in the thread in the course of spinning. The yam 
subjected to this process is usually doubled, and is used in the lace trade, and 
when polished for mixing with silk goods ; in this coimectioD, it usnaUy forms 
the back of what are termed silk-faced textures. The gasing machine is like 
almost all others, nearly automatic. The yam is wound from one bobbin to 
another, and, in its passage, goes through the flame. When the thread breaks, 
or the supply is finished, the gas jet automatically drops out of its position, nntil 
the connection is again made. In stopping the machine, the same thing occurs. 
Every care is taken to reduce breakages of the yam to a minimum, as knots axe a 
serious drawback to the value of this description of yam. An essential quality of 
a good machine is that the pace of the thread should he capable of the nicest 
adjustment, so that it may never be under-singed nor burnt. The driving in 
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order to secure this object should also be thoroughly uniform. There are several machines in the 
market, differing somewhat in details, hut they call for no further description. 

Polishing.— This is another of the subordinate processes employed in special branches of the 
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cotton indnatiy. In this, the hank of yam is placed over two rollers of a machine, the distance 
between which is gradually increased, thus stretching the yam to its full extent, whilst a sizing 
of beeswax and other materials is applied thereto. This imparts to the thread a beautiful gloss, 
and when the yam is dyed in bright colours, the effect is exceedingly rich. Polished yam is 
mostly used for silk mixtures. 

Cotton Weaving or Manufacturing. — As technically vmderstood, manufacturing forms the second 
great division of the processes usually grouped under that term, when used in its most extended 
signification. In the restricted sense in which it has to be considered, it includes all the processes 
necessary to transform yarns, after they leave the spinner, into the various descriptions of cotton 
cloths. These processes are five in number, and may be briefly defined as follows : 

1. “ Winding.” — This is the operation of transferring yam from the cop or hank, to bobbins, to 
prepare it for the next stage. 

2. “Warping.”— In this stage, a given number of bobbins, generally 300-500, are placed in 
a creel, and the threads are wound thence in parallel order upon a large beam, to a length of 
3000-5000 yds. This is the plan pursued where the sizing machine is used. Where the old 
system of ball sizing is retained, the method is different. 

3. “ Sizing.” — This consists in im m ersing the yarn in a fluid composition, containing water, 
flour, starch, and other materials ; the object is to solidify and strengthen the threads, to enable them 
to withstand the friction and strain incident to the subsequent process of weaving. There are three 
methods of doing this, which will be described in their place. 

4. “ Drawing- or twisting-in the warp.” — This is simply furnishing the warp with the necessary 
healds, or harness, to make it ready for the loom. 

5. “ Weaving.” — This is the art of interlacing threads, in such a manner as to make a web or 
texture. It is subdivided into branches ; plain, twUl, figure, and leno weaving. AH these arise 
from the order in which the threads of the warp are opened to receive the weft, or filling, which 
composes the cross threads of the texture. 

In primitive times, the art of weaving was of the simplest eharacter. The weaver spun a single 
thread, and wound it into a baU ; then stuck two or three sticks into the ground, and passed the 
thread around them a sufficient number of times to give the breadth and length required for the 
warp ; next he interlaced a second thread by the simple process of darning, pressing the latter as 
closely together as he desired by the aid of his fingers. For a long time, very little progress appears 
to have been made. Some of the ancient nations, such as Egypt, Persia, Assyria, and Greece 
attained great skiU in the textile art, though the instruments they possessed showed little advance 
upon the above. India for many centuries possessed an almost world-wide reputation for the 
variety, beauty, and fineness of its textures ; all these were manufactured by the simplest tools the 
thread being spun by the distaff and spindle, or the single thread wheel, and the shuttle being 
passed through the open warp from hand to hand. 

It is, however, to Lancashire that the world owes the impetus given to invention in the textile 
arts. Nearly all the great improvements have originated and been perfected within the boundaries 
of the county, and within a few miles of each other. The first great step was made by the elder 
Kay, of Bury, by the invention of the picking-stick, and the attachment of boxes to each end of 
the slay or lathe of the loom, for the reception of the shuttle, in place of the hand of the operative. 
This so greatly increased the productive power of the weaver, that cotton weft yarns— the warps 
were of liuen— became exceedingly scarce, and advanced so much in price, that the spinners 
enjoyed a period of great prosperity. The weavers were often compelled to wander from cottage to 
cottage for several days in order to collect a sufficiency of weft to supply them for the remainder of 
the week. 

This state of matters stimulated invention very gre.atly, and, in many secluded corners, 
“conjurers,” as the people then called inventors, were working to devise remedies for the scarcity 
of yam which so many felt. Jas. Hargreaves, of Oswaldtwistle, near Blackburn, was the first to 
accomplish on his “jenny,” the feat of spinning more than one thread at a time. The treatment 
he met with need be only cursorily alluded to here. The rapid manner in which the new invention 
spread in East Lancashire was not regarded with complacency. Mobs broke the jennies wherever 
they could find them, and compelled Hargreaves to fly for safety, which he found in Nottingham. 
Arkwright, thus warned, when he had made his water-frame a practical success, migrated in the 
same direction. Crompton closely followed these men with his combination of the jenny and the 
water-frame, which received the name of the “mule.” The details of the two inventions last- 
named were wrought out almost upon the same spot, Bolton, and not long apart. 

The invention of the jenny, the water-frame, and the mule, soon yielded an abundance of yams 
and the question arose as to how to work them up. Mechanical production suggested a 
mechanical power of consumption : hence the power-loom. A clergyman named Cartwright appears 
to have been the first to broach this idea, and to attempt its realization. After spending several 
years, and a considerable fortune, in the attempt, he only succeeded in achieving a very limited 
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degree of success. But the idea was not destined to be lost ; others were assiduously labouring to 
attain the same end. Horrocks, of Stockport, and Miller, of Glasgow, soon succeeded better; 
BuUoughs, of Blackburn, and a host of minor inventors, have contributed to bring the loom to its 
present degree of perfection. To no one, however, can be given exclusive merit ; each man’s im- 
provement forma a complement to preceding inventions, and the earliest require the latest to perfect 
them. The system as now existing has been developed from the experience and labours of many. 
It is not yet perfect ; frequent contributions are being made, and more are needed. 

The Weaving-Shed.— The remarks made concerning the selection of a site for a spinning-mill, 
apply with equal force to that for a manufacturing establishment. To secure freedom from vibra- 
tion, and a cool and soft atmosphere, the weaving-shed is always by preference placed on a ground 
floor. The preparation may be conducted in a building of two or three stories, should it be 
desirable to economize the ground space. The site should always be chosen so as to permit the 
windows of the roof of the weaving-shed to run in a direction from east to west, in order to present 
the glazed portion to the north, the light from this point being the greatest, most steady, and best 
adapted for manufacturing purposes. This point secured, regard must be had to the arrangement 
of the looms, which dught to run at right angles to the bays of the roof, in order that the slay, or 
lathe, may not cast shadows upon the warp in the process of weaving, and thereby interfere with 
the ability of the weaver to perceive the occurrence of breakages, or flaws of other descriptions. 

553 . 
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Figs. 553 and 554 show plan and section of a well-arranged weaving-mill, from designs by the 
architects who furnished those for the spinning-mill. It will be seen that the general arrangement 
is such as to avoid the necessity of the material going over the same ground twice, which would 
increase the cost of handling. Assuming that the supply of yarn is purchased, it is brought into the 
establishment in targe skips or baskets, holding 300-400 lb., and is warehoused in the yarn store. 
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From here, it is delivered to the winders ; next, upon bobbins, to the warpers, and thence npoa 
beams to the sizers. After undergoing the sizing process, it is delivered upon loom beams, to the 
“ drawing-in-” or “ looming-room ” for the drawers or twisters to finish it for the loom. Hence, 
famished with healds, it passes to the weaving-shed, in which, so far as the mannfecture is con- 
cerned, it is completed. It is only in very rare instances in tliis country that bleaching, dyeing, 
or printing is carried on in the same establishment. Weft yams, not requiring any treatment in 
passing from the spinner to the weaver, when received, are warehoused in the weft store, whence 
they are delivered in small cans or baskets over the counter to the weavers in the loom shed. 
When the cloth is woven, it is cut into certain lengths, called “ pieces,” and sometimes collected 
from the weavers by a labourer, carried into the warehouse, and entered to each weaver’s credit. 
In other cases, the weavers perform this duty themselves. The cloth is next examined, made into 
bundles, and despatched to the agent or merchant in Manchester. 

The above plan is designed to represent a mill of about 700 looms, and the complementary 
machinery, working medium numbers of yams. It contains four winding frames, of 300 spindles 
each ; six warping frames ; two sizing machines, and 700-750 looms. The motive power is supplied 
by two tubular boilers, 30 ft. in length by 7 ft. diameter, which are supplied with a Green’s Econo- 
mizer of 100 pipes ; and two horizontal engines, driving a large fly-wheel, grooved for the reception 
of ropes, by which power is transmitted to the main driving-shaft, which is walled off from the shed, 
in order to secure cleanliness, and to partially deaden the noise produced by the gearing. Prom the 
main shaft, and connected with it by bevelled gearing, a line of light shafting runs parallel with and 
between each two rows of looms, set back to back, which are driven from it. In the changes inevitable 
in the conduct of a large business, such as is implied by a mill like the one described, it sometimes 
occurs that orders for lightly picked goods will be received, in working which, the looms will over- 
run the preparatory department, which would cause inconvenience, loss of time, and diminished 
production. In order to avoid this result, a small engine is provided for overtime working of the 
preparatory department — especially the sizing machines, — without running the shafting and gearing 
of the other portion. The steam left in the boilers — and which would otherwise condense during 
the night — is generally sufficient for this purpose, and is thus utilized. A mechanics’ shop for 
making repairs completes the equipment of the establishment. 

Winding. — The first machine in the complement is the winding frame, of which a view is given 
in Fig. 555, It is one of the simplest machines in the series necessary for manufacturing ; and its 



parts require only brief description. A skewer rail a extends throughout the length of the frame • 
b is the knee-boarA covered witt flannel, to cleanse the yam from leaves, motes, and impurities’ 
The next is the toveme-rail, c»rymg the brushes c, the dark Une running below representing 
a steel or glass rod Kie tox d is provided for the operative to pile the yam upon, in a position 
convenient to the hand. The spmdle c, carrying the bobbin /, is connected between the wtorve • 
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and the tin cylinder g, extending thronghont the length of the &ame, by means of a cotton driving- 
band. A fest and a loose pulley are fitted at one end of the firame upon the shaft that carries 
the tin cylinder. The traverse motion of the guide-rail is obtained from suitable gearing, and the 
chains h. 

The process is as follows : The winder successively fills her skewers with cops of yam, places 
them in the skewer-rail a, draws the threads between the guide- wires in the knee-board, and, taking 
a bobbin in hand, attaches the thread thereto by tying it to the yam already upon it, or upon 
the empty barrel; then places the bobbin upon the revolving spindle, when the thread is 
drawn into and through the cleansing-brushes, and the lump-detector behind the brash, which 
stops anything the brushes have been unable to arrest, by breaking the thread. From here it 
passes upon the bobbin. The yam is placed in layers upon the bobbin, by means of the traverse- 
raih The filled bobbins are placed in receptacles, whence they are carried to the warpers. 

When the winding is done from yam in the hank, which is generally the case in using bleached, 
dyed, or printed yams, the skewer rail of the above machine is replaced by reels. 

Warping. — In simplicity, this process almost equals the preceding one. But carelessness here 
has worse results than in the winding process. Threads dropped in warping are missed in the 
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siderably damaged. A few years ago, good warping depended entirely upon the carefulness and 
quickness of eye of the attendant, and, owing to the frequent lack of these qualities, much inferior 
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woA was the result. In order to obviate this, endeavours were made to supply the warping-frame 
with an antomatie stopping apparatus, to operate whenever a thread broke. The first machine in 
which this was effectnsdly accomplished was the invention of Singleton, of Darwen ; it has become 
known as the self-stopping warping-frame. Figs. 556 and 557 show elevation and plan of this 
machine, which is made by Howard and Bnllongh, Accrington. 



The following brief description will enable its operation to be easily understood. It contains the 
following parts ; a, treadle; 6, friction, or driving-pulley ; c, friction-plate ; d, drum-shaft ; e, drum; 
/, drop-rollers ; h, ledge on BUde-bar ; i, slide-bar ; j, bracket ; k, weight ; I, treadle-lever ; m, nip- 
rollers ; z, drop-wires. The creel having been filled with bobbins, the threads are drawn through 
the reed, passrf over the large roller, under the rollers /, over the intermediate one, and are next 
carried over the two succeeding rollers, whence they descend to the beam, which, however, to admit 
of the more easy explanation of the working parts of the machine, has been omitted from the illus- 
tration. Over the point of contact of the two last rollers, the drop-wires z are hung upon the 
threads. These wires are in shape Uke the following figure H. * 

The ari-angements for work being complete, the treadle a is pressed down, which brings the 
friction-pulley 6 into contact with the friction-plate c, which sets the drum e slowly in motion, and 
brings the drop-rollers / into their working position. Further pressure upon the treadle, raises the 
ledge h upon the slide-bar, until it reaches the point where it is pressed upon the bracket by a 
spring. By these means the friction-pulley and plate are brought into such close contact as to drive 
the machine at its required speed. As long as the tlireads are unbroken, it continues in opera- 
tion. Immediately a fracture occurs, the drop-wire z falls between the nip-rollers m, causing the 
front one to be pressed outwards, carrying with it the lower arm of the lever n, which pushes the 
slide-bar i out of its position in the bracket ; this, falling, separates the driving-pulley and friction- 
plate, and thus stops the machine. The response to the drop of a wire is extremely quick. The 
drop-wires are suspended in position on the threads, over the nip-rollers, and are arranged in three 
slots, extending across the machine. Smking into these grooves to almost the extent of their depth, 
the wires bring the threads into contact with the top of the frame, causing them to act as “ self- 
fiukers,*’ or automatic scavengers, which prevents stoppages, or defective work, from an accumula- 
tion of loose fibres. The nip-rollers being placed at about 3-5 in. below the drop-wires, the machine 
is not stopped by a bobbin temporarily overrunning the beam, and causing slackness of the thread. 
The length of yarn run upon the beam is accurately measured, and shown upon an index plate. 
This is necessary to avoid waste, which would arise from working together beams of different 
lengths. 

Sizing.— The beams from the warping-mill are conveyed to the sizing-machine, in which 3-5 
or 6, according to requirement, are combined to form a warp for the loom. 

The sizing-frame is the most important machine in the aeries necessary for manufacturing. Two 
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or three suffice for a large weaving establishment, and upon their efficiency and skilful superin- 
tendence, to a large extent depends the success of the firm. Perfect and uniform sizing is necessary 
to produce even results in the cloth. A few years ago, sizing, especially as conducted in the mills, 
was a rude process. The compounding of the size was left to the skill and discretion of some 
superannuated man in connection with the establishment, who probably was appointed to this duty 
through having, in his early days, been a hand-loom weaver, when the sizing of his own warps 
would fall to his lot. The utensils deemed necessary were a few tubs, a bucket, and a stout stick. 
The flour was put into the tubs, water was poured upon it from the bucket, and the mixture 
was thoroughly incorporated by means qf the stick. It was usually then considered ready 
for use. Subsequently, it was discovered, from mixtures being left until fermentation had set 
in, and perhaps subsided, that size subjected to this action, had its particles of flour more 
minutely subdivided, and in consequence made a smoother cloth than when used fresh. This 
led to the extensive adoption of the use of fermented size, though new size was never without 
advocates. At this time, sizing was not thought of as a means of adulteration, in which 
capacity it was subsequently for some time used. The system of adulteration arose during 
the period known as the Cotton Famine, the result of the American Civil War. Eastern com- 
munities being in the habit of pnrchasing their textiles according to prescribed widths, lengths, 
and weights, were difficult to wean from this habit ; and the impossibility of obtaining cotton, so as 
to comply with this requirement, at a reasonable price, or such price as natives of the East could 
pay, caused manufacturers to resort to the introduction of a substitute, which to a great extent was 
found in Kaolin or China clay. Cloth sized with a composition, of which this mineral formed a 
considerable proportion, proved very acceptable in the Eastern markets, and this enabling manu- 
facturers to comply with requirement as to weight, the system was generally adopted. It has been 
still further developed, and, by the introduction of various chemical salts, cloth is now made to 
possess an appearance, and feel to the hand, which prove so acceptable to consumers that without 
these properties, especially the latter, it is practically unsaleable. So much is this the case, that 
cotton textiles containing no yams finer than 30’s— from which a cheap and substantial cloth 
can be made — admitted duty free by a recent regulation of the Indian Government, have been 
generally refused, unless sized to produce this peculiar sensation. What may be the cause of 
this it is difficult to divine. It may be that as the bulk of the cotton textiles exported to Eastern 
countries are consumed in clothing which is simply meant to cover, and not to warm the wearer, 
the presence of these minerals in a fabric may give it an advantage over one of pure fibre, in 
rendering it cooler. 

The moral question involved has been discussed at times with a great amount of asperity, and 
BtUl continues to be talked of amongst ignorant people. As a matter of fact, however, all questions 
of fraud or deception have long since disappeared, the consumer knowing as well as the manufac- 
turer tlie character of the article he is buying, and knowingly giving it the preference. It has been 
thought fit to introduce these remarks, in explanation of a matter which is greatly misunderstood. 

The practice of heavy sizing has, however, not been without important drawbacks. For a long 
time, cloth so treated proved exceedingly liable to mildew ; and the damage resulting from the 
development of fungoid growths upon it caused great losses in numerous cases. Out of these 
occurrences, several important lawsuits have arisen with a view to testing the liability of the 
manufacturer. The two most notable instances are those of Mody r. Gregson, the trial of which 
took place some 10-12 years ago ; and that of Provand v. Langton and Eiley, which terminated in 
1879. In both of these, the verdict went against the manufacturer. A different issue was tried in 
each case, the first being upon the manufacturer’s responsibility for the damage, the fact of 
mildew being indisputable. The decision of this case against the defendant settled the question 
of liability ; and in the law courts it has since formed a precedent in like cases. lu the second 
instance the dispute hinged upon a question of fact : as to whether certain staips that the plaintiff 
alleged were mildew, were such or not In this case also, the verdict was cast against the 
defendant. The results of these trials have laid the manufacturer rmder heavy responsibilities, 
with the nature of which he should make himself acquainted. Keports of the cases, in extenso, 
have been published, and to these the reader is referred. 

Under the stimulus of necessity and risk, combined with the hope of advantage, a great deal of 
skill and attention have been of late years bestowed upon the question of sizing, and especially 
upon the composition of the size. The latter of course depends upon its purpose : whether the end 
to be accomplished is light, medium, or heavy sizing. These terms may be defined to mean : — 
1. “ light sizing ” ; that which is requisite to lay down the loose fibres of the threads, and to enable 
the yarn to withstand the friction and strain incident to the operation of weaving ; 2. “ medium 
sizing” : in which a larger quantity is put upon the warp than is requisite for the above purpose, 
and in order to procure to some extent the peculiar feel remarked upon above ; 3. “ heavy sizing ” ; 
in which the yarn is loaded to the extent of its capacity to carry the burden, consistently with 
retaining its adaptability for weaving. In the first case, the weight of the warp will be increased 
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from 5-10 per cent., according to the strength of the cloth into which it has to be woven ; in thw 
second, 25-30 per cent, may be added ; and in the last, this proportion will probably be doubled. 

The materials that enter into the composition of size vary according to the requirement and 
opinion of the manufiicturer. In all cases, however, they may he classified under the following 
heads : — Starchy matters, to lay the fibres of the yam, and to induce close coherence ; fatty sub- 
stances, to reduce the harshness resulting &om the former ; mineral matters, generally used to 
procure “ feel ” and weight ; and chemicals, chiefly introduced for antiseptic purposes. The starchy 
matters generally in use are wheat-flour; farina, or potato-flour; rice-flour; sago; and maize, or 
Indian com-flour. The two first are in most extensive use. The fatty substances introduced for 
softening purposes are chiefly soap, tallow, coconut-, palm-, olive-, and castor-oils. Sometimes, a 
small proportion of white wax is introduced. Of mineral substances used for weight-giving purposes. 
China-clay is the moat common : that of a white hue is the best (see Clays — China-clay). Soap 
stone, or French chalk, has also been introduced for sizing purposes in this capacity, but has not 
met with much favour. The “ chemicals ” or salts used in sizing are primarily for the purpose of 
keeping the yam moist and pliable, whilst passing through the process of weaving. This they do, 
owing to their power of absorbing moisture from the atmosphere. The principal ones hitherto used 
have been chloride of magnesium and chloride of calcium. In some caises, they are used in excess 
of the above requirement, for obtaining weight, but this is exceedingly dangerous, unless a powerful 
antiseptic, such as chloride of zinc, is used in combination therewith. Without this, if other neces- 
sary conditions are favourable, mildew or other fungoid grovrth is liable to be developed. 

For light sizing, whereby a pure cloth results, the following recipes give the prescribed 
quantities of ingredients used by numerous manufacturers: (1) Flour, 2801b., or 1 sack (fer- 
mented) ; soft soap, 5 lb. ; tallow, 8 lb. ; used at 14° Tw. (2) Flour, 280 lb., or 1 sack (fermented) ; 
curd soap, 10 lb. ; tallow, 12 lb. ; used at 16° Tw. (3) Sago, 180 lb. ; water, 360 gal. ; coconut- 
oil, 22 Ib. These, especially the two first, will serve for medium sizing by the addition of China- 
clay to one-third the weight of fiour, and proportionate quantities of the chlorides of magnesium 
and zinc. For heavy sizing, the composition is materially altered in its proportions. (4) Flour, 

5 sacks, or 1400 lb. ; China-clay, 10 bags, or 1240 lb. ; tallow, 200 lb. ; chloride of magnesium, 
24 gal. at 56° Tw. ; chloride of zinc, 10 gal. at 92° Tw. ; blue, 1 oz. ; us^ at 42° Tw. (5) Flour, 
1 sack, or 280 lb. ; China-clay, 2i bags, or 560 lb. ; tallow, 100 lb. ; chloride of magnesium, 20 gal. 
at 56° Tw. ; chloride of zinc, 2 gal. at 92° Tw. ; blue, 5 dwt. (6) Farina, 180 lb. ; China-clay, 
580 lb. j tallow 25 lb. ; duloine, 8 gab ; chloride of magnesium, 14 gal. at 56° Tw, ; chloride of zinc, 

6 gal. at 92° Tw. ; blue, 2 dwt. Duloine is a mixture of glycerine, gum, and Chinese wax, in 
various proportions. The above mixtures, for heavy sizing, are used at a high degree of specific 
gravity, generally 38° to 44° Tw. If light sizing be required, it can be attained by simply 
reducing the strength of the above mixtures 20°-25° Tw. 

The following is a recipe used with advantage in making “ shirtings,” a description of cloth 
largely exported from this country to India, China, and adjacent markets : — Flour, 840 lb. con- 
taining 12 per cent, of gluten, fermented at 21°-27° (70°-80° F.), aged for 6 weeks, and made to 
34° Tw., is mixed cold with 225 lb. solution of chloride of zinc at 90° Tw., and 112 lb. solution of 
chloride of magnesia at 56° Tw., the whole kept at 27° (80° F.) ; 896 lb. China-clay, mixed with 
water, and boiled for one day ; 193 lb. tallow ; 24 lb. wax ; 10 lb. cheap fat is melted and run 
into the clay, and the mixture is boiled for another day. The fiour at 27° (80° F.) is run into the 
clay at boiling heat, and allowed to cool ; 200 lb. farina is mixed with water, and heated to 65° 
(150° F.) for 6 hours, then run into the other mixture, the whole being heated to 65° (150° F.). It 
is then ready for use. 

The above mixtures fairly represent some of the best sizing compositions, but there is no posi- 
tive formula in the matter. Every man modifies these according to the dictates of his experience, 
and this is never uniform. 

The manner in which these compounds have to be put together is also of importance. The 
water ought to be quite pure, as the presence of organic matter greatly increases the risk of 
mildew. But every sizing-room in which the cylinder sizing-machines are used can furnish a 
supply of pure water frx)m the condensed steam, which is the result of the operation. 

Modem sizing-rooms are supplied according to their magnitude, and the system of sizing pur- 
sued, with a series of tanks called “ becks.” These are furnished with “ agitators ” vertical dashers 

with centre shafts, on the top of which are fitted bevel wheels, gearing into similar ones on a hori- 
zontal driving-shaft, extending the length of the becks. These becks communicate with each other, 
BO as to allow the size to flow from one end to the other, as required. 

In mixing, it is usual to allow 20 gal. water to each sack (280 Ih.) flour. This is thoroughly 
agitated, and subsequently allowed to stand and ferment for about a week. The fermentation is 
promoted and hastened by keeping the mixture at a temperature of 21°-27° (70°-80° F.), but the 
latter degree should not be exceeded, as it would have a tendency to destroy the fungoid germs to 
which fermentation is due. After fermentation has ceased, the size is pumped into the succeeding 
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becks, where it is agitated for a period varying from a few days to 5-6 weeks, and in some instances 
for a greater length of time. The longer it is kept, the more finely disintegrated the fioor beeomes, 
fitting it the better for its purpose, which is to penetrate to the core of the yarn in the sizing 
process. The grannies of aU starches, when heated with water, swell, and the pellicle bursts, and 
discharges its contents of granulose. This is requisite to accomplish the sizer’s end. The size 
is passed through the series of becks at such a rate as to reach the machines at a uniform age. 

The sizing-machine in most general nse in this country is that known as the cylinder drying- 
machine. Its origin is clearly traceable to the inventions of Eadolifie of Stockport, and his 
assistant Johnson, to whom the cotton trade owe the dressing-frame. The defects of the latter 
machine led to many efforts to improve upon it, the first which achieved any considerable success 
being the tape-frame of Hornby and Kenworthy, of Blackburn, which was invented in 1839. 
This constituted a great advance, but about 14 years subsequent to that date it was superseded by 
the “ slasher ” sizing-machine, the invention of Bullongh and Whittaker, the production from 
which was much greater. It is the perfected form of this machine which is now in general use, 
and which is known as the “ cylinder sizing-machine ” to distingmsh it from the more recently 
introduced hot or cold air drying-machines. 

The cylinder-frame is made by numerous machinists with their own improvements, which are 
claimed as special excellencies. Figs. 558 and 559 show elevation and plan of a very effective 
frame made by Howard and Bullongh, of Accrington. The creel a is constructed for the reception 
of 6 warpers’ beams, or any less number required for a weaver’s warp. The size-box i> contains the 
immersion-roUer n, the size-roller J, and the finishing-roller I, with their pressure-rollers. The first- 
named, by means of a rack, can be submerged in the size. The sizing-roller J may be of wood or 
copper, but it is usually of the latter, when the slow-motion dofiBng arrangement is adopted, and the 
pressure-roller is of iron. The bottom roller of the second pair I is always of copper, and the top one 
of iron. The pressure-rollers are covered with flannel. The acid of the size quickly corrodes these 
rollers, producing irregular sizing at the inequalities, and it would be an improvement if they were 
covered with brass. Their function as pressure-rollers necessitates their being solid, their weight 
usually being 2-4 cwt., according to the counts of yam in use. Size-boxes are now made with a 
second compartment, into which the size is fed at the bottom, and boiled before overflowing into the 
principal compartment, where it comes into contact with the size. By tliis means is prevented the 
use of raw size, which would make the warp hard and rough. In this machine, this plan is improved 
upon. As will be seen from the drawing, the size-box is divided into two parts, the partition being 
shown by the dotted lines between N and M. The small division M contains a float, regulating the 
admission of size, and a single pipe, for boiling purposes, at the bottom. The size enters at one side, 
towards the top, as seen at K, and only reaches the principal compartment after traversing the 
width of the machine, and sinking to the bottom, where it passes through an opening in the parti- 
tion, shown at L. The boiling-pipe, at the bottom of the small compartment, being constantly 
supplied with steam, and the top being covered with a lid, the heat is retained, and the contents are 
kept boiling violently, so that the newly introduced size, slowly and regularly admitted by the float, 
has to cross the width of the machine, and descend through the boiling mass, before it can come to 
the opening L at the bottom of the partition. It can only enter the next division as the size is 
carried away by the yam. Experiments show that, if the size in the small compartment be 
coloured, it will require 20-30 minutes to reach the second division, which shows the length of time 
it undergoes boiling before admixture with the bulk, where it is further subjected to the same 
process before it is taken up by the yarn. 

The main cylinder c is placed in reverse order as compared with the small one d, being so 
arranged that the greatest portion of its surface may be utilized for drying, the same end also 
being secured from the small one d. The constmction of these cylinders should be such as to with- 
stand all danger of explosion from the pressure of the steam, which is 4-15 lb. an in. Provision 
is made to secure a complete discharge of the water resulting from the condensation of the steam 
by which they are heated. If this be neglected, their eflSciency for drying purposes is greatly im- 
paired. The cylinder-shafts, or centres, revolve upon loose-pulleys, which is a great improvement 
upon the old plan of stulHng-boxes, and diminishes the strain upon the yam. The condition of the 
cylinders should be frequently examined, the best means being to turn them with the hand when 
the yam is slack : if they revolve easily, and seem to be properly balanced, the test may be regarded 
as satisfactory. The periphery of the cylinder is usually composed of strong tin plates ; and the 
ends, of steel ; the interior is well stayed. In some cases, however, the tin soon wears off, and exposes 
the iron surface to the corrosive action of the acids of the size, which soon results in iron stains 
upon the warp. To obviate this risk, copper cylinders are sometimes used, and, though more costly 
in the first instance, they make better work, and will be found more economical in the end. An 
equilibrium-valve, and deadweight safety-valves for each cylinder, should be attached to every 
machine. The cylinders should contain manholes at one end, so that interior repairs can be effected 
without taking them out of the frame. A steam-trap should also be attached to each, for carrying 
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off the condensed water. In the event of only one being need, the pr^snre of the steam, which is 
usually greater in the large cylinder, interferes with the delivery of water from the small <me. 

Steam is admitted into the cylinders c and d through the chests e d ; these are provided with 
safety-valves, set to allow the steam to escape within a pressure to which the cylinders can 



safely be subjected. The fan / completes the drying, and cools the yarn as it passes from the 
cylinders, over the carrier-rollers y/, to the series of rods A, whose function is to separate the 
threads pf the warp from each other after they have passed through the size, which has a tendency 


COTTON MANUFACTUEES. 


776 


to mt^e them adhere. An expending wraithe or reed extends amoss the frame between • and the 
marker j, by means of which the Sheet of yam is evenly spread over the space between the flanges 
of the beam 1. The marker j ia a small bowl, which dips into a trough containing oolonrii^ 
matter, and marks the warp in prescribed lengths for the guidance of the weaver. The figured 
plate h, with the pointer seen in the plan, ia the register, showing the length of warp which has 
passed upon the beam I at any moment. The machine is stopped by the levers m, of which there 
are several, conveniently placed for the sizer, at different parts of the machine. 

Until 1874, the beam I was, and, in many existing machines, is now, driven by a pair of oone- 
dmms, by which the steam can be accommodated to the increasing diameter of the beam I, caused 
by the winding on of the warp. This necessitated constant vigilance on the part of tte sizer, 
whilst the result of the best attention was unsatisfactory, owing to the variation of speed causing 
the yam to be immersed in the size for longer or shorter intervals as the speed was slow or quick. 
In the year named, Howmrd and Bnllough introduced the triple roller arrangement, which has done 
for the sizing-machine what the positive taking up motion has for the loom. This improvement 
has been widely adopted, and found to obviate most of the practical difficulties previously 
experienced. 

The triple roller arrangement greatly simplifies the machine, dispensing with oone-dmms, 
strap-fork, worm, and guide-shaft, existing in the old fi^me ; and yields, without the attention of 
the sizer, that which could not be obtained before, namely a perfectly uniform speed in winding 
the warp upon the beam. Uniform sizing and drying is the consequence — a great improvement 
upon the preceding condition. The letters D E F will show the arrangement of the rollers. The 
bottom or draw-roller E is driven at a positive uniform speed from the first driver, and, as it drives 
the delivery-rollers I in the size-box by means of the side-shaft p, it determines the speed at 
which the yam passes through the machine. The proper speed, having been decided upon, 
remains unaltered until circumstances require it to be changed, which can be accomplished in a 
moment by patting a larger or smaller pinion on the boss G geared into the carrier-wheel H, and 
so increasing or diminishing tlie speed of the drawer-roller E. Stopping a sizing^nachine in the 
midst of work is objectionable, from the fact that a great strain is often put upon the yam to over- 
come the inertia of the beams, rollers, and cylinders, whilst, during the stoppage, the squeezing- 
roUer — should it be of metal — and the yam are baking together, and damaging the warp ; if the 
roller be of wood, it gets so often out of repair, and, by rapid wear, varies so unequ^ly in its 
diameter, that it is undesirable to apply positive driving to it, on account of its liability to deliver 
more or less yarn than required by the copper roller in front of it ; hence results the great evil of 
the sizing-rollers having to be turned by the drag of the wet yam, which is strained and broken, 
and its elasticity almost destroyed. The slow-motion apparatus of the inventors dispenses with the 
necessity of having the sizing-roller of wood, to avoid baked places upon the yarn, because, with 
the reduced speed, broken threads, called “lappers,” can be cut off, and doffing, and all necessary 
operations, can be performed without stopping, and therefore without risk of the size baking. The 
roller may then be of metal, and be turned to the exact diameter required, which, to allow of the 
yam being in the best condition for absorbing size, requires that it should be a little larger than 
the finisher-roller I in front of it. With this arrangement, it can be driven positively from the 
side shaft, in which case the quality of the yarn undergoes no deterioration from excessive strain. 

The rollers D E P take such firm hold of the yam that it caimot slip, and they would continue 
to deliver the yarn on the floor, were there no beam to take it up. At this point, also, the yam ia 
protected against all risk of straining, the beam being driven by the friction-disc at such a rate 
only as is required to take up the yam delivered by the rollers. A firm, hard beam being desira- 
ble, it is obtained by the employment of a revolving presser-roller, in sizes to fit the various widths 
of beams. 

The roller D is made to serve the purpose of the measuring-roller, and is made of iron. 
Formerly it was a hollow tin cylinder, placed near the roller g', and was liable to be easily 
damaged ; brought to the position shown in this frame, it adds to the facility of doffing, and, com- 
bined with the improved self-adjusting marker, prevents a considerable amount of waste being 
made at the commencement of the beam, and enables the sizer to concentrate his attention upon 
the front of the head-stock, during the important operation of doffing. 

The cylinder sizing-machine is, comparatively speaking, universal in the cotton trade, in those 
branches where the yams are used in their grey state. There are a few exceptions, where, in the 
case of very fine yams, it is thought pmdent to retain the old system of dressing ; but these cases 
are so rare that they do not call for remark. 

The disadvantages that have been experienced in connection with the cylinder-machine have 
led to the invention of air drying-machines, in which a current of either hot or cold air is employed 
to extract the moisture. At their first introduction, these machines excited great anticipations, 
owing to the softness and pliability of the warps sized upon them. But a little experience soon 
demonstrated the existence of various weak points, especially a want of uniformity in drying, which 
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reTealed itself by the development of mildew in the warps. This arose chiefly in warps been 

sized during a very humid state of the atmosphere, it being found that in such a condition the drying 
power was greatly reduced. However strong the current may be, little more than 
impact could be obtained. This difficulty proved insuperable in connection with cold-air machines, 
and they are now rarely found 
in the market. In hot-air ma- 
chines, however, the case is dif- 
ferent; they have been so far 
improved that, for some classes 
of work, they now obtain a pre- 
ference over the cylinder drying- 
frame. 

The accompanying illustra- 
tions, Figs. 560, 561, and 562, 
show elevation, plan, and cross 
section of the Bullough and 
, Whitehead hot-air drying-ma- 
chine. The only points requiring 
notice are those wherein it differs 
from the cylinder-machine, the 
creel, size-bos, and head-stock 
being the same. 

In air drying-machines, it is 
obvious that provision must be 
made for a much longer expo- 
sure of the yam to the heated 
atmosphere than is necessary in 
the cylinder-frame, where the 
yam comes into immediate con- 
tact with the heated surfaces of 
the cylinder. It is also requisite 
that the heated atmosphere, 
when it has become surcharged 
with moisture, should be speedily 
and effectually withdrawn, be- 
cause, when its power to absorb 
moisture has been exhausted, it 
is useless. This wiU necessarily 
require a supply of hot air which 
shall be constant and steady, to 
replace the saturated atmosphere 
withdrawn. 

In the above machine, these 
conditions have been met by the 
following arrangements : — In 
the large chest forming the 
central part of the frame, four 
steam - cylinders T are laid 
parallel and near the bottom, as 
will be seen in the cross section ; 
each of these contains a series of 
small air-pipes, into which air is 
drawn by the fan T’, revolving 
at 1300 rev. a minute. The 
cylinders T being filled with 
steam, the air, in its passage 
through the pipes, gets heated, 
and, entering the hot-air 

chambers, follows the direction of the arrows, until it 13 carried nnf I.., * 1 . r ™ 

after its passage through the size-box, enters the dryW Sers W ^ 

through the hot air, over the cylinders, around the roUer s' throuenhc *’• 
around the large roller at its extremity, through the chambo, . > ^ middle chamber «, then 

imity to the fan, and, reversing its track, passes from the unner ™ 

side, around the smaU roller at the 
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opposite extremity, and thence back along the chamber, making its exit between the largo and small 
rollers in the line of the framing. The warp is opened by half of it passing over, and half under, 
the small rollers near the rods which further separate the threads, after which it j)asses upon the 
beam. 

The arrangement of this machine, as will be apparent &om the description, is well calculated to 
accomplish its purpose. The air 
from the heaters, in its hottest 
state, first comes into contact with 
the yam just as it leaves the sizing- 
rollers ; and, as the yam passes 
through the chamber in a line 
almost in contact with the heater, 
the current of air is forced to pene- 
trate the sheet of yarn, thus drying 
it perfectly on every side. In the 
other chambers, the current must 
similarly pass through the warp. 

The current induced by the fan T' 
ensures a constant supply of dry 
air ; whilst the heater-cylinders, 
being capable of bearing a steam 
pressure of 20 lb. an in., afford a 
wide margin of heating power, 
capable of drying either lightly or 
heavily sized yam. Several leading 
firms have adopted this system, and 
find it very satisfactory. 

Another very useful machine on 
the same principle, but differing considerably in detaUs, has been designed by Baerlein and Co., 
of Manchester, and is made by Atherton Bros., of Prestoa 

Ball-warp sizing is older than the above systems of sizing, and is mostly carried on as a separate 
and independent business, manufacturers sending out their warps to the sizing establishment, where 
they are sized at a specified charge, and returned in the ball form. 

Where this system is retained, it necessitates the employment, by the manufacturer, of the baU- 
warping machine and the beaming-frame. The former is a large reel, revolving on a vertical axis. 
It is furnished with a bobbin-creel, containing a given number of bobbins, a certain multiple of which 
will constitute the quantity required for the warp. The length is obtained by several layers of 
yam being wound upon the reel by means of a guide-rail. When the length and breadth for a 

loom warp is completed, the warper doffs his creel, by winding the warp in a ball upon his arm 

hence its name — after which it is ready for the sizer. When sized it is returned in the same form 
to the manufacturer, and is passed to the beamer. The beaming-frame is a very simple machine, 
in which the warp is wound upon the loom-beam, being spread over its width by a hand wraithe, 
held and guided by the beamer. As this plan is gradually declining, and will probably become 
extinct at an early date, it requires no further description. 

Hank-sizing is chiefly resorted to when the yam has been bleached, dyed, or printed, these 
processes rendering it necessary that the yam throughout its length should be subjected to treat- 
ment. Hence, dealing with it in the hank greatly facilitates the handling. Hank-sizing is 
undoubtedly a erode form of working, and might be considerably improved, but it is stiU very general 
for the classes indicated above. The method of operation is to take a “ knot ” of hanks— the number 
reeled at one time — and dip them into the size, as often as may be necessary to thoroughly saturate 
them. The hanks are then wrung out, either by hand or machinery, and then thoroughly dried. 
Cold size is mostly used for coloured yam, particularly when the colours would suffer from heat. 
To preserve the colours, it is advisable that the yam should be air-dried, and not allowed to come 
into contact with hot surfaces. Another reason why hank-sizing is used is that the various 
coloured yams which are sometimes united in one warp cannot advantageously be sized together, as 
should any one colour “bleed” in the process, the remainder would be injured. In some newly- 
constructed sizing-machines, separate size-boxes can be used for the different colours. 

The hank winding-frame is similar to the cop-frame, already described, except that reels are 
introduced for the hanks in place of the skewer-rail for cops. 

A great improvement in the warping of coloured warps was introduced about three years ago by 
the invention of the section warping-frame of J. J. Ashworth and Bros., of Pendleton. This is 
one of the most important improvements that have been introduced in the preparatory department 
of the coloured goods trade for a long time past. 
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Fig. 563 will enable the reader to follow the description. The creel in this madiine is slightly 
altered &om its form in the ordinary warping-frame, being oblique, and constructed to hold about 
400 bobbins. To that end of the creel — not shown in the drawing — which is nearest the machine, is 
attached an eyelet-rod, the eyelets being composed of strips of white earthenware, about 2 in. broad 
by 5-6 in. long. These are perforated by two lines of circular holes, and are fitted in a frame in 



the manner of reed-dents. This rod extends from the top to the bottom of the creel, and receives 
the threads of the bobbins, carrying them in a horizontal position untU they pass the eyelets. The 
threads then converge to the lease-reed a, a small reed, every alternate dent of which is soldered up 
about 2 in. from its extremity thus : — 



the others being open throughout their length. By means of this reed, the threads, though under- 
going condensation, are still kept apart, and the “lease” is easily obtained. This “lease” is a 
separation of the threads, to prevent their entanglement in weaving. Near the reed, are two 
vertical rods b b', joined at the top by a cross-rod, and fitted at the bottom into a sliding-board. 
The yam, after leaving the reed, passes through this frame. By sliding it a suffieient distance in 
one direction, and then in the other, the leases are correctly and instantly obtained, in a manner 
much superior to the old plan. By means of the bow d, the threads are contracted to suit the 
width of the section of the beam. This bow has also a further use. When coloured warps of 
a large pattern are being made, it is usual to warp only half the pattern at once, putting 
it upon every alternate section of the beam. When the first half is thus completed the bow 
is used to reverse the pattern, which is then filled upon the empty sections, and completes 
the design. The yam, after passing the bow, goes over a roller, and descends thence to and 
around the roller e. This is a feUer-roller, automatically taking up the slack on the stoppage 
of the frame. The warp next passes upwards, and under and over several tension-rods, which 
compensate for the diminishing weight of the bobbins, owing to the loss of their contents ; then 
over the roller/, and upon the beam. The lever g is for the purpose of raising the tension-r(^ in 
order to pull back. The roller / is an indicating-roller, and, by means of a worm upon its axle', it 
measures the length of yam wound upon the first section of the beam. The beam is an important 
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part of the machine, the sections being adjustable, according to requirement The pinion i, at the 
base of the bell-pillar, is the regulator, measuring the length of yam delivered upon the beam. 
Each tooth delivers 2 yds., so that the length can be accurately measured for marking purposes. 
At every revolution of the marking-pinion, the bell is rang, and the piece-mark is put in. The 
pinion j, which is driven by a worm upon the beam shaft, is an indicator, showing the number of 
revolutions of the beam during the filling of each section, by which a uniform length can be 
obtained, and waste prevented. Gauges are used for setting the section-flanges accurately. 

The operation is as follows : the first process, creeling, is commenced at the top of the creel, 
and carried across, each succeeding line being creeled in the same direction. This completed, the 
threads of each row are drawn through the eyelets in the rod, then through the reed, commencing 
with an open dent, and following with a closed one, thus proceeding until all are drawn in. The 
warp is then passed through the brass lease-rods, next across the cord of the bow, and through the 
rollers, to the beam. The wire-rods i, projecting through the flange of the beam, pass through aU 
the sections. The axle is an iron shaft, upon which the sections are movable, being fixed with 
set-screws. Between the rods and the axle, is a cavity, into which the warp end is passed, and 
secured to the heads of the set-screws. The tension-rods are screwed down, the measiuing-roller 
is set with proper pinion, the revolution-indicator is adjusted, and the section-warp is laid in. 

“ Taking the lease” is performed by drawing to one side the vertical rods 5 6', the result being 
that half the threads — alternate ones — are drawn to one side of the reed, the second half being 
arrested at the points where the dents are closed. A shed or opening is thus formed between the 
two sets of threads, through which a cord is passed. The rods are next pushed to the opposite 
side, a second opening is made, another cord is passed through and secured to the previous one, 
which completes the leasing ; this requires to be done at the commencement of each section. The 
two indicators are set, and the beam is turned round to discover if the section-warp is wide enough to 
fill the beam section ; if this be not the case, a slight inclination of the bow secures it in a moment. 
The frame is then set to work, the warp running upon the beam like a ribbon, every thread 
perfectly parallel with the other, showing no confusion or admixture of colours. The divisions of 
the beam are thus successively filled, when it is ready for transfer to the loom-beam, upon which it is 
directly run, without the aid of a wraithe, in a perfectly even sheet, in which no two threads are 
crossed. In this respect it is even superior to the sizing-frame, showing the pattern of the warp as 
perfectly as the cloth itself. In the process of weaving, the warp comes from the beam with the 
same evenness, and freedom from entanglement or twisted parts, as it went on. A better cloth is 
produced, the quantity is increased, the weaver has less labour and earns more money, and the 
^ employer, from being enabled to engage the cheaper labour of females, economizes wages, secures a 
greater production from his looms, obtains more profit, and is subject to less loss owing to the 
improved quality of the goods produced. 

In the coloured goods trade, it is customary to make pattem-warps, in order to test designs ; 
for this purpose, the above machine offers unequalled facilities for producing warps of very short 
lengths, in great variety, yet perfect in every detail Where the importance of securing these at 
little expense is considered, this feature will be appreciated. 

The weft yams for coloured goods, unlike those used for grey goods, often have to go through 
two or three processes, such as reeling, bleaching, printing, or dyeing, before they are ready for the 
loom. From the hank form the yarn has to be wound upon pirns for the loom-shuttle. There are 
numerous pim winding-frames made by different machinists, which vary chiefiy in points of detail. 

Fig. 564 shows a well-designed pirn winding-frame, made by Hacking and Ckj., Bury. The 
reel-creel is shown at a ; the series of friction-discs 6 are fixed upon the shaft o, and are bevelled at 
the edges to form the cone of the pim. A spindle is fixed in the vertical socket d, having its free 
end downwards, and inserted in a hole in the rail, through which it extends a short distance. 
Upon this spindle, the pirn e — often called a bobbin — ^is placed. Its shape is seen in the section, 
Fig. 565, and in the three spindles of the frame on the right. 

When ready for work, the threads are conducted from the hanks on the reels to the bobbins, and 
as the latter fill with yarn, the bevelled edge of the disc pushes the bobbin upward, as shown at the 
left of the drawing ; the socket moves up the rod as the bobbin fills, until the bottom of the spindle 
is lifted out of the hole, as shown at / in the frame, when the point is pushed aside into a groove 
prepared for the purpose ; contact then ceases, and the bobbin, being full, is removed by the 
attendant. 

This machine is, in its leading features, thoroughly novel. A firm, hard, and well-constructed 
pim is formed by it, without friction upon the yam, which thus preserves the bloom of the dye, an 
important matter in coloured goods. 

Drawing- or twisting-in. — When the warp has been put upon the loom-beam, there is one more 
process before it is ready for the loom : it has to be famished with healds or heddles. 

The “ heald ” is composed of two flat staves of wood, of a length proportionate to the width of 
the loom, placed about 10 in. apart, and connected by a series of cords extending across and uniting 
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the staves throughout the length. The yam which enters into the manufacture of healds for the 
cotton trade, is composed of cotton of two or three strands, each strand containing several threads. 
Heald manufacturing is a separate business. The yam forming the heald is always varnished 
when composed of cotton, but this is often omitted when it is of worsted. Sometimes, though 
rarely in the cotton trade, metallic healds are employed. 

For plain weaving, four “leaves” constitute a set; these are arranged in two pairs, thus, 
1-2 3-4. The warp threads are drawn through the rings in the middle by means of a specially 
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constracted wire hook. The order of the draught, commencing on the left hand, is 1 3 2 4 ; this 
is repeated throughout. 'Whilst this is being done, the threads are also passed through the reed, 
between the dents, in pairs, in the last-mentioned order of the heald-draught, 1-3 and 2-4 going 
together. The reed is composed of a series of short strips of flattened wire, set vertically, and 
bound at each extremity between two strips of wood, laid horizontally, with the wires between them. 
The spaces between the wires are perfectly uniform, and are obtained by means of a pitch-covered 
band being wrapped around the horizontal strips of wood, with a wire dent between each round. 
The parts are, by this means, held firmly together, and in their whole, constitute a reed. When 
all the threads of the warp are thus “ drawn in,” they are tied together by several knots in front 
of the reed, to secure them. Drawing-in is the process followed when the healds are new, and 
attached to a warp for the first time. As, however, they last for several warps, in successive 
attachments, “twisting-in” is substituted for the above, as being more economical. This consists 
simply in leaving a small portion of the warp in the reed and healds, with which the threads of 
the new warp are deftly twirled by the operative’s fingers. 

The warp, having received its “ gears,” as the healds and reed are called, when attached, is 
ready for the loom to which it is carried by the overlooker, or “ tackier,” or “ tuner,” as he is called 
in different parts of the country. 

■Weaving. — The Icxjm is a machine which is as characteristic of manufacturing as the mule is 
of spinning, and claims an equal if not greater antiquity. It is not, however, necessary to trace the 
descent of the present comparatively perfect loom from remote times. The present epoch of 
mechanical invention was inaugurated by the invention of the picking-stick, or peg, of the elder 
Kay, of Bury, in 1738. Until his time, the shuttle was passed from hand to hand, through the open 
warp, by the weaver, which system, when the cloth was wide, required two weavers to each loom. 
Kay ingeniously added a box to each end of the slay or lathe, for the reception of the shuttle, 
furnishing each with a horizontal spindle, and placing a piece of wood cut into a convenient form, 
and pierced with a hole, upon the spindle, to “ pick ’ or push the shuttle across the warp : hence 
its name “ picker.” A cord was attached to each of these pickers, and to a stick or peg placed 
equidistant from the pickers. By the horizontal movement of this lever, the weaver was enabled to 
jerk the shuttle across the warp, which he opened by means of treadles— levers worked by the feet 
— placed under the loom, whilst, with his left hand, he moved the slay backwards and forwards, 
to bring home the thread of weft left by the passage of the shuttle. The effect of this invention 
was to enable the weaver to quadruple his production. Kay’s son subsequently invented the 
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“ drop-box ” for the loom, which was to place, at one or both ends of the slay, more than one shuttle- 
box, lying horizontally upon each other. This enabled the weaver to use wefts of several colours, 
the boxes being raised or lowered by means of a finger-lever, so as to deliver the colour of yarn 
required to make the pattern. By this appliance, checked goods could be woven with almost the 
same facility as plain cloth. 

These inventions gave a great impulse to the cotton and other textile industries. Weft-yams, 
scarce before, now became fourfold more so, and the scarcity was not obviated until the inventions 
of Hargreaves, Arkwright, and Crompton, had been brought into general use, half a century 
later. 

As before observed, anxiety about the ability to consume the product of these improvements in 
spinning, suggested the power-loom, which, during the lapse of another half century, was brought 
to a considerable degree of perfection. There would be no more interesting chapter in the history 
of invention than one descriptive of the genesis and development of the automatic loom, but it is 
not admissible here. The machine must be described as it now exists. 

Fig. 566 shows in detail the working parts of a plain loom, and, as this is the foundation on which 
others are constructed, its description will suflSce for all, except in the parts that are added to secure 
modified results. The frame- work a, roughly speaking, describes the figure of a cube, within which. 
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and attached to the sides thereof, are the working parts. The shaft, carrying the balance-wheel b, 
extends through the centre of the frame, and projects about 12-18 in. beyond, for the reception of 
the driving-pulleys, one fast, the other loose. • A brake-wheel is usually carried upon this part. 
The shaft has its bearings in the sides of the frame. Just within the frame, at each side, this shaft 
is cranked, and by means of arms, is attached to the slay or lathe c, which oscillates upon the “ slay- 
swords” A, on the centre », called the swing- or rocking-rail. The slayo has many parts. Its 
upper surface from end to end forms the shuttle-race — the ground over which the shuttle passes 
b^kward and forward between the shuttle-boxes /. The reed occupies the space d, its frame fitting 
into grooves at the top and bottom, where it is retained in position by the “ slay-cap ” e. The shuttle- 
box is formed by the side / and a hoard at the back, and the end plate which closes its extremity. 
The “ fly-spindle ” g has one end inserted in the spindle-stud near d, the other passing through the 
end plate into a socket on the top end of the spring, which is secured by a screw-bolt to the slay c. 
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The taking-np roller j is actnated throngh the series of wheels at the end of the loom by means of 
the oscillation of the slay -swords A, conuunnicated through the pin I, bracketed to the sword A, and 
called the “ monkey-tail,” which works in the slotted lever, oscillating on a fixed pin at the centre. 
The opposite end of this lever carries a catch, which actuates a ratchet-wheel placed inside the 
frame. As this wheel revolves, it is secured at every advance hy a holding click. Its axle extends 
through an adjustable bracket, and carries the change-wheel, which gears into and gives motion to 
the taking-up wheel o, revolving on a fixed pin. This wheel has 120 teeth, and on its boss is cast 
a pinion of 14-20 teeth ; this gears into the beam-wheel p, which may have 75-90 teeth, according to 
the series adopted. The change-wheel n may have any number of teeth from 18-75, but when the 
cloth requires a very large one, the effect is obtained by giving the actuating-catch a double lift. 
The number of teeth in the change- wheel regulates the speed of the taking-up roller/, and thereby 
the number of picks — threads that cross the warp — per inch. The roller j drives the cloth roller A 
by friction, contact being preserved by the weighted levers g'. These complete the movements 
obtained directly from the top- or driving-shaft of the loom. The crank-shaft pinion-wheel, con- 
taining usually 37 teeth, gears into the tappet-shaft wheel, with twice the number of teeth. The 
top-shaft therefore makes two revolutions while the tappet-shaft r makes one, the reason for which 
will be obvious. On the shaft r, immediately inside the frame, one at each side, are the picking- 
cones s. As the shaft revolves, these strike the bowls t, carried on the bottom of the vertical 
picking-shafts «. The points of these cones are set on the shaft exactly opposite to each other, so 
that their strokes shall exactly alternate. The sharp impact of the cone s upon the bowl t, which 
is bolted in a slot of the shaft «, causes the latter to perform about i rev. When this shaft is at 
rest, the picking-stick «, carried on the top of the shaft «, has its head tc over the end of the shuttle- 
box / ; and the partial revolution, caused by the action of the picking-cone, sharply sends it forward 
to the position shown in the drawing. A leather band descends from w, and is attached to the 
picker upon the spindle g, as shown in Fig. 570, the sudden drag upon which projects the shuttle 
to the opposite box. The tappets are two excentrics x on one boss, firmly secured on the middle of 
the shaft r. These, as the shaft revolves, alternately depress the two levers z, which work upon a 
pin fixed to the frame of the loom at the back, their opposite ends moving in the slots of the treadle- 
grate y. When the beam a' contains a warp, this is drawn over the carrier-beam or roller 6', and the 
healds are suspended from the heald-shaft, by means of cords attached to straps securely fixed upon 
the bosses of the shaft. Similar cords, on the bottom staves of the healds, receive into loops two 
long pieces of wood, called “ lambs,” from which descend rods connecting them with the treadles. 

The operation may now be described. The loom having been supplied with a warp, which is 
carried upon the flanged beam a', the healds are attached as described above, the reed is secured in 
the space i, fitting into grooves in the slay and slay-cap e, the warp is drawn over the breast-beam 
d', the edges being previously secured upon fluted rollers, called temples, under the cover e', of 
which there is a corresponding one at the opposite side. From d’, the warp passes obliquely down 
to and under the roller/, thence upon the taking-up roller / and to A, where the end is secured in 
a slot extending across its length. 

When the other parts are adjusted, as may be required for the particular kind of cloth to be 
made, the shuttle is supplied with weft, and placed in the box, and the spring lever A' is pushed to 
the opposite extremity of the slot, where it is retained by a projection, and guides the strap from 
the loose to the fast pulley of the loom, causing all the parts simultaneously to commence working. 
The slay is drawn back by the crank-shaft, the warp is opened by the tappets, and the shuttle is 
projected through the open shed, leaving a thread in its track. The slay advancing, carrying the 
reed, presses home the weft thread to a given position near the temple-rollers, when the warp 
closes, and, securing it in that position, opens in the opposite direction, the threads that were down 
before being now uppermost, when the loom swiftly returns the shuttle, which again leaves a thread 
in its track, to the box whence it first started, aU the other parts of the loom repeating their action • 
and so on consecutively. 

The speed of a loom is described by the number of picks— the times it throws the shuttle across 
the warp— per minute. The modem plain loom as described, will pick 200-240 times a minute 
according to its width, which is measured from the reed-space. The narrowest looms run quickest! 
A loom working at 220 picks a minute therefore weaves 2i in. of cloth, containing 20 picks a i in', 
in that time. This, however, is not a uniform pace ; allowances have to be made for stoppages for 
replenishing the shuttles with yam, piecing broken warp threads, &c., Ac. 

All the movements of the loom are purely automatic, including self stopping, when the weft 
breaks. The stopping arrangement is an ingenious piece of meehauism, and has tended greatly to 
perfect the action of the loom, and render it more productive. It was patented in 1841 by Wi lliam 
Kenworthy and James Bullough, both of Blackburn. The latter we believe was the inventor In 
the slay, at the end of the reed-space, is fixed a small grate, shown in the drawin<^ by three verfcal 
lines. Opposite this grate, carried on a rod called the “fork-holder,” is a three-pron<-ed fork with 
the prongs bent downwards about 1 in. from their base. The opposite end of the holder is inserted 
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into the boas of a lever /, which mores on a stud at its extremity, seen near the spring lever i'. A 
donble lever, forming an obtuse angle, moves on a fixed pin at the angular point ; one portion 
which rises above the breast-beam d' carries a head almost like a hammer, from which it has 
received that name. This head is recessed at the middle, so that it will receive a hook on the 
handle of the fork, which is bent at its extremity into that form. The second part of the lever ex- 
tends from the pin obliquely to the tappet-shaft r, on which is fitted a bowL As the shaft revolves, 
the bowl lifts the last-named lever, which causes the hammer of the second to be drawn backwards 
every time the slay c, carrying the reed d, pushes home a thread of weft. The fork-grate in the 
slay is thus brought to a position in which the prongs of the fork would pass between its bars, but 
are prevented from doing so by the presence of the thread of weft. The prongs in consequence are 
depressed, which raises the opposite extremity with the hook, thus allowing the hammer-lever to 
perform its traverse without producing any effect. But the moment the weft thread is broken, or 
disappears from exhaustion of the supply, the fork passes into the grate, its hook is caught by the 
hammer, and being drawn back, the lever j', into which the fork-holder is inserted, is carried with 
it, which pushes the spring lever U out of the recess in the slot, when it moves to the position shown 
in the illustration, and shifts the driving strap from the fast to the loose pulley, thus stopping the 
loom. 

Another important contribution to the perfection of the loom was made by the same inventor 
and a relative, Adam BuUough. This was the loose-reed. Previously to 1847, the reed was held 
fast in the slay, which was the cause of great damage to the warp when, from any accident, the 
shuttle failed to get to the box to which it had been despatched, and remained in the shed. The 
warp threads covering the shuttle, not being strong enough to arrest the impact of the slay, the 
obstructing shuttle would be driven away by the breakage of the warp. This damaged the cloth, 
and occasioned a great loss of time to efiect repairs. The fast-loom had a provision to prevent this, 
but it was far from certain in its action, and compelled the loom to be run at a slow pace, seldom 
exceeding 150 picks a minute. The invention of the picking method described above, and its 
subsequent improvement, has enabled the fast-reed loom to be run at a much greater speed than 
formerly ; but for light goods, the loose-reed is safer. The fast-reed loom is retained for making 
heavy goods. 

A chief objection to the loose-reed loom for heavy goods is that the reed is driven out or 
its position by the necessarily heavy blow required to drive home the weft in heavily picked cloth. 
Recently, however, this has been obviated by an invention brought out by Thomas Sagar, 
machinist, Burnley, which is illustrated in Fig. 567. The bracket A (Fig. c) fixed to the loom 
side has attached thereto the link B, the opposite end of which is connected with a catch-lever c at 
the point E. The catch has for its 
fulcrum a pin in the slay-sword D 
On the under surface of the slay J, 
is a rod, which carries several fixed 
levers, holding the retaining-board 
H, the function of which is to keep 
the reed I in position. Previously 
the reed has been held here by 
pressure simply, and it has been 
difficult, if not impossible, to apply 
sufficient pressure to drive home 
the weft in strong cloths, and yet 
allow the reed to be thrown out by 
any obstruction as shown in the 
illustration (Fig. 6). By this 
arrangement, however, this object 
is secured. 

The different parts are actuated 
as follows: — As shown in Fig. c, 
when the reed is advanced to the 
fell of the cloth — the point where 
the pick is left — the catch C is 
lifted by the link B into a position 
where it holds the lever G, thereby locking the reed as firmly as it is held in the fast-reed 
loom. As the slay recedes, the distance between the fulcrum of the link B and the catch 0 
increases, by which the latter is drawn down to the position shown at Fig. a. Whenever the catch 
C is brought below the end of the lever G, the reed is quite loose, and liable to be thrown out by 
the least obstruction. This is its state in every part of the traverse, until it is brought within J in. 
of the fell of the cloth, when it locks perfectly fast, being released when it has receded a similar 
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distance. As exhibited here, it requires slay-swords specially cast ; bnt an altematire arrange- 
ment baa been devised, capable of being adapted to existing looms. By this invention, the 
advantages of the loose-reed loom for speed and safety, and of the fast-reed loom for wide range of 
work, are combined. 

Another improvement has jnst been perfected by George Keighley, also a Bnmley machinist. 
This is illustrated in Fig. 568. In this, the wooden beam forming the slay has been replaced by a 
light cast-iron one, which is not liable to warp or swell with changes of temperature — a fault 
frequently experienced in the wooden slay. The shuttle-boxes are comparatively opeu at the back ; 
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and the slot for the picker-foot also goes through the plate, which arrengements secure steady 
running, and perfect cleanliness in the cloth, waste being thrown out, instead of accumulating in 
the slot, and being carried by the shuttle into the shed. 

In the same loom, the taking-up beam j has been moved from the position it occupies in the 
ordinary loom, to the place of the breast-beam which it substitutes. The advantage of this is that 
the space within which the width of the cloth can contract — viz. between the fell and the point of 
contact with the taking-up roller — is greatly diminished, thereby relieving the strain upon the ends 
of the healds and reed. The roller being carried further into the frame, gives more space for the 
weaver in the passage, and affords more room for other necessary duties, such as oiling, sweeping, 
pulling out the finished pieces, and “ gaiting ” warps. 

The plain loom, with a slight modification of the frame, is easily fitted for the reception of the 
jacquard attachment for the production of figured goods. The ordinary jacquard in the cotton trade 
is chiefly used in the Bolton and Ashton districts; but, as it is common to all the textile industries, 
its description will come more appropriately under other manufactures. 

A modification of the jacquard, called the “dobby,” is in extensive use in E. Lancashire, and 
more particularly in Blackburn, for making fabrics for the Indian market. These ate chiefly goods 
with coloured and figured borders, such as have been manufactured by the native Hindoo weavers 
for ages. A great trade has sprung up in these goods within the past twenty years, and the dobby 
appears to have been invented to meet its requirements. 

There are many descriptions of dobbies, but it will suffice to notice the most recent and 
improved. This is one invented by Ainsworth, of Preston, and made by Willan and Mills, of 
Blackburn; Fig. 569 shows it in elevation. In working, it is fixed npon the top of the loom. 
With the dobby, the pattern is obtained by pegs, inserted according to the requirements of the 
desi^, in holes made in the bars of a lattice, each of these bars being the equivalent of a card in 
the jacquard. In the latter machine, the warp threads are worked in single ends ; but in the 
dobby, in groups of healds upon staves, according to the requirement of the design. In the dobbies 
that have hitherto been in general nse, considerable defects have existed, owing to many of their 
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parts not being direct and positive in their action. In this instance, these defects have been almost 
obviated. The jacks A A*, the wires connected with the former, the lattice for giving the patterns, 
and the racks K K* for carrying them, are not changed. The knives, however, instead of being con- 
nected by straps, have their ends projecting ontside the frame of the dobby, and are attached by 
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D. The lever M is fixed on the same shaft as the sector C, and is moved up and down by the rod 
V, which is actuated by a crank, fixed on the extremity of the tappet-shaft of the loom. The rodV, 
passing downwards on the ontside of the loom, is out of the way of the warp — an unusual advantage. 
The two lattices are worked by cylinders, mounted on a carriage, and geared together by the wheels 
G G. This carriage moves to the right or left at every pick. On its movement to the right, the 
ratchet-wheel F is pulled round by a catch, which causes the two lattice-cylinders to perform part 
of a revolution, and brings fresh bars of each lattice in a position to act on the wires of the dobby. 
The motion of the carriage is obtained by a bell-crank lever L, which is connected with another, 
fixed to the shaft carrying the sector C and the lever M. The lever M is lifted by the crank on 
the tappet-shaft ; and the jacks and knives, worked from the right hand, are lifted also ; whilst 
those on the left are lowered, and vice versa. When the jacks fall, the healds are drawn downwards 
by spiral springs, to which they are attached beneath. 

The capability of the plain loom is much increased by the introduction of special tappets. Of 
these, there are many descriptions, ranging between the three-leaves twill pattern, to the section- 
tappets, known by the name of the late Bennett Woodcroft. Even to enumerate them would 
occupy too much space. 

The check or shuttle loom is supplied with two or more boxes, at one end of the slay, for the 
reception of shuttles containing different colours and counts of wefts, by means of which a striped 
warp of coloured yams can be crossed with similar or contrasting colours. In most cases, the 
shuttle-boxes are arranged horizontally over each other, at one end of the slay, and are elevated 
into or depressed from the level of the shuttle-race, as occasion may requiie. This is accomplished 
by means of levers, actuated on the jacquard principle, the metallic cards of which are set to 
produce any given pattern. With “rising-boxes,” as this arrangement is called, it is possible to 
have six boxes thus superposed. With this plan, as with all in which boxes are set at one end of 
the slay, the shuttle must make two picks, having to return to the box from which it has been 
despatched. There is, however, another arrangement, called the “ pick-and-pick ” plan, in which 
there are an equal number of boxes at each side, by means of which a single thread of any colour 
or quality desired can be put in as desired; or any other odd number. This is useful where 
ornamental threads are required to be used economically, or to give peculiar effects. 

In other cases, the superposition of the boxes is departed from, they being arranged to revolve 
around a centre. Fig. 570 shows one of this description. The driving-gear is removed to the side 
on which the pulleys are placed, in order to make room for the parts necessary to work the boxes, 
which revolve around a centre. The arrangement by which this is accomplished is remarkably 
neat and effective, the boxes being geared with and moved by a pair of bevel wheels, which quite 
prevent back-lashing in working. There is a repeating motion for the jacquard cards, by means of 
which any number of picks can be obtained from any card, to produce any size of pattern. The 
arrangement for moving the boxes is very simple, yet certain of result. At the option of the 
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superintendent, it can be set as a “skipping-motion” — that is it -can be made to select any box of 
the six, as may be required. 

In finishing this brief delineation of the numerous machines employed in the manufacture of 
cotton, it is incumbent upon the author to acknowledge obligations to the leading machinists of the 
country, who haye promptly responded to inquiries for information concerning their specialities, and. 



by furnishing drawings and photographs, have enabled this article to be enriched with illustrations 
of the latest improvements that have been introduced to the notice of the trade. The names of 
several have been mentioned in the course of the article. Amongst others, without being invidious, 
mention may be made of Dobson and Barlow, of Bolton, whose cards are illustrated : Curtiss. Sons, 
and Co., Manchester, to whom the illustrations of the mule are due : Howard and Bullnugh, 
Accrington, whose drawing and roving-frame, electric stop-motion, and Rabhcth-spindlo ring-frame 
and spindle, have been described ; and Booth and Co., Preston, for the Booth-Sawyer ring-spindle. 
In the manufacturing section, the winding, warping, and sizing-frames of Howard and Bullough’s 
make are illustrated ; whilst the plain loom is a representative of the Blackburn make, by Henry 
Livesey, Limited. The names of others are mentioned in connection with tlieir specialities. 

Commerce. There remains to briefly consider the products of the above processes iu their com- 

mercial aspect. 

Cotton, having passed through the first series of machines, in whicli it has been transformed 
into yam, becomes a commercial article, and appears in the market under various forms, tho chief 
of which may he enumerated as follows Grey yams (natural colour) grouped in Xos. or counts of 
4’s-8’s, 8’s-16’s, 16’s-24’s, 26's-30’8. These are warp yarns, and are generally sold in ranges of 
these Hos. at one price, in either cop or bundle form— mostly the hitter— for export to foreign 
markets. Bundles are 10 lb. packages for low and medium Nos. and 5 lb. for fine counts. 

The cop yam trade is confined to this country, and near districts on the Continent, sucli as 
France, Belgium, Holland, and Germany. For the home trade, yarn is packed in large wicker 
baskets called “ skips,” which, when emptied, are returned to the spinner. When sent abroad, it 
is packed in large barrels or casks. The Nos. of yam exported aie chiefly the above-mentioned 
series ; and, in addition, a less quantity of 40's, 50’s, and 60's to India. 

Home trade Nos. include all counts from about 12's to 250’s. From 12'3 to 24’s warp yarns, 
and from 16’s to 40’s weft yams are consumed in the manufacture of domestics, T. cloths, and 
similar goods ; 28’s to 32’s or 36’s, with wefts from SO’s to 54’s are used in making shirtings for 
India and China, and for printing cloths ; 40’s warp yarn forms the base of what is known as the 
Jaconet range of goods, with wefts from 50’s to 70’s ; 60’s yarn along with 60’s to QO’s weft, enters 
into the composition of Mulls. These represent leading staples in yams ; intermediate in one form 
or another, there are a great variety besides, which compose special makes of cloth. Yams known 
as medium fine Nos. are used in the manufacture of fine jaconets and muslins, made in Glasgow, 
and in Tarare (France), to which places Bolton yarns are largely sent, wliilst the finest Nos. from 
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lOO’s to 300’s are consumed in the manufacture of lace at Nottingham, and in rarious Continental 
centres of the same industry. 

Yams are spun with different amounts of twist in tliem, and are known as hard-, medium-, and 
soft-twist. The first are chiefly exported to the Levant, the second constitute the bulk of ail, 
whilst the last are designed principally for hosiery purposes. 

In addition, there are printed, dyed, and bleached yarns, mainly used in the coloured-goods 
trade, and exported for use in the same section in foreign countries. 

Twofold yarns in nearly all Nos., qualities, and conditions, are also obtainable, doubled by the 
wet and dry processes, gased, and polished. 

Yams are chiefly sold on the Manchester Exchange, where spinners and manufacturers meet 
daily, though the principal assemblies take place on Tuesdays and Fridays. Quotations are 
always on the basis of 1 lb. weight, and contracts are made for 5000-200,000 lb. at a time. Private 
spinners mostly employ agents to sell their productions. Some confine it to one ; others will accept 
the services of all comers who can bring them orders. The great joint-stock spinning companies 
employ sharp young men as salesmen, who endeavour, though not always successfully, to sell their 
production themselves. The yam agent is in many cases the spinner’s banker, making prompt 
payment against the deliveries of yam, and occasionally allowing draughts in advance to those 
in needy circumstances. Successful agents have a large turnover, and sometimes make great 
fortunes, though in times of depression, and bad trade, risks are enormous, and losses heavy. 

The commission allowed for this service is a matter of arrangemeut, and is generally 1 per cent. ‘ 
for the service, and 1 per cent, for guaranteeing payment of the account. Sometimes the spinner 
accepts the risk himself, when he only pays the first-mentioned amount. The buyer who buys bis 
yarn on short credit — that is for the account to be due 14 days after date of invoice — obtains 2j per 
cent, discount. Long terms, for which IJ per cent, discount is given, consist in dt liveries made 
one month being paid for at the expiration of the month following. Shipping terms differ from 
both of these, being an allowance of 3 months’ credit net, or, for cash, a deiluotion of interest on the 
amount of invoice at 5 per cent, for 95 days, payment in 14 days. 

The conduct of a spinning business is comparatively simple, when contrasted with manufac- 
turing. The manufacturer, unless he is engaged in producing a staple class of goods, before he 
can accept an order with safety, must make an elaborate calculation of tlie cost of producing the 
article, which, if the price offered will not cover, and allow a sufficient margin for contingencies 
and profit, is generally declined. Frequently a considerable portion of a market day is spent in 
making these examinations, notably by makers of specialities. 

The following are the chief staple goods in the trade and the particulars of manufacture as 
generally produced ; — 

Domestics : stout cloths for the home and Continental trade, made in three widths, 28 in., 
32 in., and 35 in., with 12-16 warp threads, and about the same number of weft threads, in the 
J in. of cloth; the length is usually 75-100 yds. a piece. The counts of yarn are generally — for the 
warp, from 16’s to 24’8, with wefts from 20’s to 36’s. One of these cloths would be technically 
described as follows 32 in./lOO yds., 16 x 16 threads, 20 lb. T. cloths are identical textures 
made in 24 jds. lengtlis for export. Mexicans are a better quality of the above, and made in both 
lengths. Shirtings for India and China are usually 39 in., 45 in., and sometimes 54 in. wide. They 
were formerly made with 32’s and 36’s yarns, 16 x 15 threads, and 37J yds. long; but legislation 
affecting the Indian tariff, with severe competition, has considerably modified these particulars. 
Great quantities of the 39 in. widtli are made ; the weight is usually 8J lb. 

Printing cloths are woven in long lengtlis, usually 116-120 yds., 32 in. wide, and 32*3 by 40’s, 
50’s, or 54’s weft, according to stipulation. It is not often that the weight of these goods is regarded, 
the counts of the yam being stipulated for and guaranteed. Having to undergo treatment subse- 
quent to manufacturing, there is no inducement to adulterate them by means of size. Jaconets 
form another series of goods manufactured for Eastern countries ; they are made from 40’s warp, 
and 50’s-60’s wefts, in various widths, reed, and pick, as the warp and weft are technically called. 

Mulls are a finer series, in all respects like the above, with the exception of yarns, which are 
usually 20 hanks finer in both threads. 

Dhooties are either of shirting, jaconet, or mull texture, in the body of the cloth, but having 
tape, coloured, or coloured and figured borders. These are also for India, the figured work being 
produced by the aid of the “ dobby ” attachment to the loom. 

Home trade domestics, mediums, and longcloths are similar in nearly all respects to those 
described above, but are usually made from much better material, aud have more care bestowed upon 
them in the manufacture. ’They are well represented by the series produced by several of the 
leading firms, whose trade marks are well known in all drapers’ shops. 

In coloured goods, there is an immense variety, to enumerate which would be tedious to the 
reader. Their general divisions must therefore suffice. These are regattas, checks, ginghams, 
nankeens, denims, grandrills, jeans, mottles, ticks, &e., &o. 


.S c 2 



788 


COTTON MANUFACTURES. 


The great series of fancy goods include quiltings and check, figured, and lace mnslina, satteens, 
royal ribs, piques, fancy drills, and numerous other examples of a kindred nature. 

Moleskins, cords, yelvets, and velveteens constitute a large and important division by themselves, 
called “ pile-cloths.” In the latter class, textures of great beauty, scarcely distinguishable from 
silk, are produced at remarkably low prices. 

The manufacturing districts of Lancashire, in which all the above goods ore made, form an 
irregular triangle of about thirty miles on each side, composed of the eastern and south-eastern 
portions of the county. In this district, are situated the numerous centres of industry eng^ed in the 
manufacture of cotton into its midtitudinous products. A line drawn from Preston in the north- 
west to Colne on the eastern border of the county, would leave Blackburn, Burnley, and Accrington 
a little to the south, and would extend about twenty-five miles ; thence southward by Todmorden, 
Eochdffle, Oldham, and Staley Bridge to Stockport would form another line about thirty miles in 
length ; and a third, from Stockport via Manchester, Bolton, Wigan, and Preston, would complete 
the description. The cotton industry to a limited extent exists beyond these lines, but has no 
feature that needs remark. Almost eacli centre possesses special characteristics, and a description 
of these will include all beyond the boundary lines. Preston is chiefly distinguished for its pro- 
duction of mediums, longcloths, and muslins, mostly for the home trade. It also spins most of the 
yams required for their manufacture. Blackburn, about nine miles distant therefrom, is a great 
weaving centre, possessing about 60,000 looms in the town; whilst in the adjacent towns and 
villages, mostly within a compass of five miles, this large number is more than doubled. The looms 
of Blackburn, Darwen, Oswaldtwistle, and Church, are usually engaged upon the production of goods 
for Eastern markets, such as shirtings, jaconets, mulls, and dhooties. Accrington, five miles to the 
east of Blackburn, from the earliest days of the cotton trade has been a considerable centre 
of calico-printing and dyeing, and this fact has influenced the character of its textile productions. 
Cloths suitable for dyeing and printing are its chief make, to which about 12,000 looms are devoted, 
Risbton, Harwood, and Opensbaw supplement these with about 8000 looms, engaged on the same 
goods. Burnley has achieved a reputation for the manufacture of printing cloths of the lighter 
character, suitable for export prints. Of these it makes large quantities, possessing about 30 000 
looms, chiefly engaged upon them, to which Padiham and Colne, in the neighbourhood, add a con- 
siderable number. Todmorden produces mainly T. clotlis and China drills. Rochdale makes a 
similar class of cotton goods, though perhaps rather better in quality, along with a small quantity 
of coloured goods and velvets. Oldham, besides being the chief spinning centre of the world 
having millions of spindles, has a considerable manufacture of special fabrics, such as velvets, cords 
and many fancy fabrics used for costumes. Ashton, Staley Bridge, and Stockport, the two former, 
like Oldham, besides being engaged in spinning the same class of yarns, have a great weavin" 
industry, making principally home trade shirtings and the best class of printing cloths. There is 
now comparatively little manufacturing in Manchester, tlie little there is being mostly located in 
Pendleton on the north-western side of the city. Tlie fabrics in vogue in this district and neigh- 
bourhood are coloured goods of all descriptions, as also at Radcliffe, a small town about five miles 
from the city. Bolton is chiefly distinguished for its production of medium fine yarns, and after 
these, quiltings, figured counterpanes, and fancy muslins. The various towns in the Rossendale 
valley have a divided industry, the cotton section, which is the largest, being representative of 
most of the others described, though domestics and T. cloths are the principal. The aggregate 
of looms in this district will probably be 40,000. ° 


A few words regarding the present extent and commercial importance of the cotton manufacture 
to the United Kingdom, will fittingly conclude this paper. When it is considered that this vast 
industry has sprung from the labours of a few men of liumble origin, it may tend to secure to 
inventors a litUe more of the regard which is justly their due. According to a recent Parliamentary 
return, cotton-mills are now found in almost every part of the kingdom, but the industry is mainly 
concentrated in Lancashire, Yorkshire, Cheshire, and Derbyshire. In Scotland, its cliief seat is in 
tiie counties of Renfrew, Ayr, and Lanark ; whilst in Ireland, there are only 6 cotton-mills reported 
as existing. The summary on the opposite page, reproduced from the return, will be useful for 
purposes of comparison. 


Since these returns were procured, there has been a slight increase in most departments 
Numerous mills belonging to the great joint-stock companies in Lancashire had not received their 
full complement of machinery when the late severe depression came upon commerce and industrv The 
recent revival has caused these to be filled up, so that tlie number of spinning spindles will now be 
near 41,000,000 whilst the power looms will probably reach 520,000. The total number of persons 
employed in tending them and the preparatory machinery, will approach 500 000 Thk vast 
number wiU be nearly doubled, if we include therein the people who are indirectly dependent unon 
it for subsistence, such as machinists, bleachers, finishers, dyers, printers, and those perVons enga^ 
m the commercial section of the business from the time when cotton arrives in Livernool unBHt 
leaves the country as a finished article, or reaches the home consumer. ’ 
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Number 

Total Number 

Total Number 

Total Number 

Total Number 


of 

of 

of 

of 



Factories, 

Spizming Spiudl^ 

Doubliug Spindles 

. Power Looms. 

Employed. 

England and Wales: 






Factories employed in\ 
Spinning / 

1,119 

23,676,184 

3,857,524 

.. 

141,801 

Factories employed iul 
Weaving / 

733 


•• 

218,898 

102,783 

Factories employed ini 
Spinning and Weaving/ 
Factories not included 1 

582 

14,813,681 

292,920 

271,062 

202,721 

in either of the above) 
descriptions . . . . ) 

145 


-• 

1 

4,203 

Total . . 

■ 2,579 

38,489,865 

4,150,444 

489,960 

451,508 

Scotland : 






Factories employed ini 
Spinning / 

37 

587,699 

512,974 

.. 

13,510 

Factories employed in\ 
Weaving / 

30 

•• 

• 

13,649 

7,903 

Factories employed in\ 
Spinning and Weaving/ 

14 

373,560 j 

13,620 

8,616 

8,124 

Factories not included 1 






in either of the above) 
descriptions . . . . j 

8 

•• 

1 


23 8 

Total .. 

89 

961,259 

1 526,594 

22,265 

29,775 

Ireland: 






Factories employed ini 
Spinning / 

3 

35,562 

1,480 

• • 

304 

Factories employed ini 
Weaving ( 

2 



1,956 

978 

Factories employed in) 
Spinning and Weaving/ 

1 

41,234 

252 

730 

338 

Factories not included! 






in either of the above) 
descriptions .. .. | 

•• 

•• 

•• 

*• 

•• 

Total .. 

6 

76,796 

1,732* 

2,686 

1,620 

Grand Total of Cotton) 
Factories .. ../! 

2,674 

39,527,920 

4.678,770 

514,911 

482,903 


When the trade is in a normal state of prosperity the consumption of cotton amounts to about 
60,000 bales a week, which, averaging 450 lb. each, equals 24,000,000 lb. Assuming the raw 
material to cost 6d. a lb., we have an expenditure on that account of 600,000?. a week, to which 3d. 
a lb. must be added for the cost of spinning and 3d. for weiiving, which brings the weekly turnover 
to 1,200,000, or about 62,500,000?. per annum. This figure is considerably increased by the cost of 
processes subsequent to spinning and manufacturing, such as bleaching, dyeing, and finishing. 
The quantity and value of cotton manufactures exported from this country have been for the past 
three years — unfavourable in both respects — as follows : — 


isn. 

1878. 

1879. 

Cotton yarn 

Cotton manufactures : 

Piece goods, white or plain 

„ „ printed, dyed, or coloured . . 

„ „ of mixed materials (cotton) 

predominating) .. 

Total of piece goods 

Total values 

Lb. 

227.651,402 i 

Yards. j 

2,699,282,118 ' 
1,125,255,197 

' 13,283,535 

Lb. 

250,631,800 

Yards. 

2.539.166.400 i 

1.067.298.400 

12,200,500 

1 

Lb. 

235,625,500 

Yards. 

■ 2,652,440,900 
1,057,726,500 

14,481,400 

i 

3,837,820,850 | 3,618,665,300 
£64,635,403 | £61,121,784 

3,724,648,800 

£58,982,029 


The United Kingdom possesses more than half of the cotton spindles in the world, the aggregate 
ol other countries being about 32,000,000, bringing the present total to 73,000.000 spindles. The 
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32,000,000 spindles abroad, consume about as much cotton as those of England, owing to the fact 
that the average count of yarn spun upon them is much lower abroad than here. 

The competition of the various countries where cotton manufactures have been established has 
never yet been formidable, even in their own markets, unless backed by protective tariffs of an 
almost prohibitive character. These circumstances show their unfitness to compete in neutral 
markets, which are therefore left almost exclusively in our possession. Were it not for the exception 
of a few specialities, this qualification would be unnecessary. 

Biblioyraphy. — A. Peddie, ‘ Manufacturer, Weaver, and Warper’s Assistant ’ (Glasgow: 1818); 
E. Guest, ‘ British Cotton Manufactures ’ (Manchester ; 1828) ; E. Baines, ‘ History Cotton Manu- 
factures of Great Britain ’ (London : 1835) ; A. tJre, ‘ Cotton Manufactures of Great Britain ’ 
(London : 1836) ; J. Montgomery, ‘ Theory and Practice of Cotton Spinning ’ (Glasgow : 1836) ; G. S. 
White, ‘ History of Cotton Manufacture ’ (Philadelphia : 1836); Scott, ‘Practical Cotton Spinner 
and Manufacturer ’ (Preston; 1810); W. Kadcliffe, ‘ Origin of Power-loom Weaving ’ (Stockport : 
1810); J. Montgomery, ‘Cotton Manufacture of America and Great Britain’ (Glasgow; 1840); 
W. C. Taylor, ‘ Tour through Manufacturing Districts’ (London; 1812) ; ‘Memoir or Life, &c., of 
G. Cartwright ’ (London : 1843) ; C. G. Gilroy, ‘ Weaving by Hand and Power ’ (Hew York ; 1844) ; 
G. White, ‘ Practical Treatise on Weaving ’ (Glasgow : 1846) ; R. Burns, ‘ Statistics of the Cotton 
Trade ’ (London ; 1847) ; J. Murphy, ‘ Treatise on Weaving ’ (Glasgow ; 1851) ; J. Moss, ‘ Cotton 
Manufacturers’ Pocket Guide’ (London: 1856); T. Ellison, ‘Handbook of the Cotton Trade’ 
(London : 1858); J. A. Mann, ‘ Cotton 'Trade of Great Britain ’ (London and Manchester : 1860) ; 
G. McHenry, ‘The Cotton Trade’ (London: 1863); E. H. Baird, ‘American Cotton Spinner’ 
(Philadelphia : 1863) ; J. S. Buckle, ‘ Manufactmrers’ Compendium ’ (London and Manchester : 
1861, Sup. 1866) ; W. Leigh, ‘ Practical Cotton Spinner’ (Skipton : 1866) ; J. Pender & Co., ‘ Sta- 
tistics of the Cotton Trade’ (London; 1869); J. Watson, ‘Theory and Practice of Weaving’ 
(Glasgow; 1873): ‘ Textile Manufacturer ’ (Manchester ; 1875); W. Thompson, ‘ Sizing Cotton 
Goods’ (Manchester; 1879); A. Barlow, ‘History and Principles of Weaving’ (London: 
1879) ; T. E. Ashenhurst, ‘ Practical Treatise on Weaving and Designing Textile Fabrics ’ (Brad- 
ford: 1879); S. Webber, ‘Manual of Power, and History of Cotton Manufacture in the United 
States’ (New York : 1879); Davis, Dreyfus, & Holland, ‘Sizing and Mildew in Cotton Goods’ 
(Manchester ; 1880) ; Evan Leigh, ‘ Science of Modern Cotton Spinning ’; J. Thornley, ‘ American 
Competition in the Cotton Trade ’ ; J. Hyde, ‘Science of Cotton Spinning’ (Manchester). 

E. M. 

CBTTCIBLES (Fa., Creuset; Ger., Tiejfcf).— See Clay ; Glass; Graphite; Pottery. 

DISUfFECTANTS.— The three chief disinfectants, from a commercial point of view are 
carbolic acid, in various forms, bleaching powder (chloride of lime), and sulphurous aeid(burMng 
brimstone). There are a number of patented compounds in the market, having more or less 
valuable qualities; but, as Bone of them is possessed of any property not equally attainable in the 
three products above mentioned, two of which are now staple manufactures, they do not warrant 
any special description. CarboUc acid being the type of a perfect disinfectant, the whole subject 
of deodorizers, disinfectants, and antiseptics, has been fully discussed under that head (see Coal tar 
Products-Carbolic acid, pp. 671-680). The reader may also refer to the article on Bleaching 
Powder (pp. 456-470). ° 


DBHGS (Fb., Drogucries ; Gee., Droguerien). 

The term “drugs,” in its widest sense, embraces all substances employed in medicine • it is 
however esp^ially applied to those derived from the animal and vegetable kingdoms, notably the 
latter^ In this article, attention will be confined to such of these as possess some commercial 

luiporucBLiCc* 

A remarkable feature of this class of raw products is the ignorance which enshrouds their pro- 
duction, and the uncertainty in the quality and quantity of their supply. With the one notlbL 

sSn? th^w-itf 

British planters in all paHs of the world. It therefore happens that, "“u^pirof'ti’^ff 
the most important medicines in every-day use, we are dependent upon the poorL peasants and 
shepherds, m Europe; upon wandering tribes of Tartars, Yuruks and ^ ^ats and 

Nubians, Kaffirs, and Hottentots, in Africa; and upon the lowest classes of Mans in N^d 
S. America. As a natural consequence of the innorancp nn.l au ,, , 7 

plants are seldom gathered at the best season; they are often rep^ced^v wortl T 
injurious substitutes; they are prepared and transported in the most careless manner - tteylra 

While the historical, chemical, microscopical, and purely botanical features of the principal drugs 
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have been fully treated in such able works as the * Pharmacographia,’ and ‘ Medicinal Plants,’ there 
exists but very meagre and scattered information as to their growth and preparation. The object 
of the present article is to set forth all available knowledge upon points interesting to growers and 
merchants. 

Aconite (Fr., Aconit ; Ger,, Eisenhut, Sturmhuf). — The roots and leaves of Aconitum Napellus 
are largely prescribed : a tincture of the former is used as an anodyne liniment ; from the leaves and 
small shoots, is prepared an inspissated juice, of somewhat uncertain action. In Kuna war, the 
tubers are eaten as a tonic, under the name of atis (e. post — Atees). The plant is widely diffused in 
mountainous districts. Throughout the Alps, it is common up to 6500 ft. ; and on the Pyrenees, 
on the mountains of Germany and Austria, and in Scandinavia, it is also known. Its range east- 
wards extends through Siberia, over the Himalayas at elevations of 10,000-16,000 ft., and in China 
generally, being cultivated both for use and ornament in the northern part of Szechuen. In 
W. England and S. Wales, it has been sparsely naturalized ; in the New World, it is found on the 
Pacific ranges of N. America. As an arrow-poison, it was used by the ancient Chinese, and 
perhaps the aborigines of Gaul, and is stUl iu favour among some hill tribes iu India. The dried 
root is somewhat tapering, usually 2-3 in. long, and J in. thick at the top ; the fresh root has a 
sharp odour of radish, which is absent from the dried root ; the flavour is sweetish at first, but 
soon becomes very acrid, followed by tingling and numbness. The bruised leaves have a herby 
odour ; and a flavour at first mawkish, then burning. The preparation of the alkaloid has been 
described under Alkalies — Organic, p. 230. This market is not supplied from cultivated plants, 
but with wild roots collected by shepherds on the mountains of Europe, without regard to season 
or species, consequently the roots of several other species get mixed up. It is sold in bulk by the 
Continental druggists at about i-od. a lb., containing 150 or more roots. The root of masterwort 
(^Imperotoria Ostruthium) has been found mixed with aconite. It may be distinguished by its 
aromatic odour, and more compressed, less conical, shape. 

Aconite (Indian or Nepal), or Bish.. — The highly poisonous roots of Aconitum ferox and 
some closely allied species are used as a source of aconitine, being considered more potent than the 
ordinary root. The plants are natives of the temperate and sub-alpine regions — 10,000-14,000 ft. — of 
the Himalayas, in Garwhal, Kumaon, Nepal, and Sikkim, and the roots of the various species are 
gathered indiscriminately. That exported to us, however, is of uniform appearance, and probably 
from A. ferox only. The roots are conical, usually 2-3 in. long and about 1 in. thick at the top ; often 
broken ; blackish-brown without, horny and hard, from having been dried by fire ; or sometimes white 
and starchy, and then less valuable. In the Indian bazars, the roots are found steeped in cows’ 
urine, to preserve them from insects ; in this state, they are suitable only for poisoning wild beasts. 

Aconite (Japanese). — Under this name, has recently been imported from Japan, a root 
which possesses properties similar to, but stronger than, those of common aconite. It is believed to 
be the root of Aconitum Fischeri. Its active principle is allied to, but not identical with, that of 
European aconite. In appearance, it is less shrivelled, and rather shorter than the ordinary drug. 

Ajowan, or True Bishop’s-weed. — The spicy fruits of the Ca/ »/n A/etcan (Arrimi copticam ; 
Ptychotis coptica ; Ft. Ajowan') are used to prepare a distilled water, reputed to be carminative, and a 
good vehicle for nauseous medicines ; their volatile oil may replace oil of thyme. The herb is an 
annual, cultivated largely in India, and in Persia and Egypt. The fruits resemble those of parsley 
in shape and weight; when rubbed, they exhale a strong odour of thyme ; their flavour is biting 
and aromatic. They are now largely imported into Europe, especially Leipzig, for the manufacture 
of thymol, for which purpose they are more remunerative than thyme. They are sometimes con- 
founded with the seeds of Ammi majus and Sison Amomuin, as well as those of Hyoscyamus niger. 
The last-named, however, are kidney-shaped, and odourless. 

Aloes (Fk., Aloes, Sue d’ Aloes ; Gee., Aloe ). — The inspissated bitter juice of several species of 
Aloe forms a valuable purgative. The aloes plants, which must not be confounded with the Agaves — 
miscalled “ aloes,” nor with Lignum aloes — the resinous wood of Aquilaria Agaliocha and some other 
trees, are indigenous to hot, arid districts in S. and E. Africa, whence some species have been intro- 
duced to N. Africa, Spain, and the E. and W. Indies. Some are stemless, others a few feet high, 
while in Namaqua and Damara Land, Transkei, and N. Natal, they have been found 30-60 ft. high. 
The commercial varieties of the drug are as follows : — (1) Socotrine and Hepatic aloes, — yielded by 
Aloe Perryi, a native of Socotra, the southern shores of the Bed Sea and Indian Ocean, and perhaps 
Zanzibar ; A. officinalis, A. rubescens, and A. Abyssinica are varieties, and probably contribute to the 
Bed Sea produce. (2) Barbadoes and Curaejoa, — derived from A. vulgaris, indigenous to India, and E. 
and N. Africa, now found also in S. Spain, Canary Islands, Sicily, Greece, and W. Indies. (3) Cape, 
— best obtained from A. ferox, and hybrids between it and A. Africaiia, and A. spicata, also from 
A. perfoliata and A. linguceformis ; less powerful from A. Africann, A. plicatilis, A. arborescens, 

A. Commelini, and A. purpurascens. (4) Natal, — from a gigantic species not yet identified. The 
varieties of the plant used, and the modifications of the plan of extracting the juice, cause the 
drug to vary considerably in opacity, fracture, texture, colour, and consistence. The peculiarity 
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relied on by dealers to distingnish the drug is its odour, which accounts for Natal aloes being gene- 
rally associated with the Cape drug, while Barbadoes and Cura^oa varieties are never confounded. 

Culture and Preparation . — In Barbadoes, the plants are grown 6 in. apart, in rows 1-1 J ft. asunder, 
in well-manured ground ; they are weeded, but pulse or yams are raised between the rows. The 
plants should survive several years, though the leaves, 1-2 ft. long, are annually cut. This 
operation is performed in March to April, in the heat of the day. The leaves are excised close to 
the plant, and immediately placed, cut downwards, in a V-shaped wooden vessel, 4 ft. long, 
12-18 in. deep, sharply inclined, so that the escaping juice flows down its sides, and escapes into a 
receptacle at the lower end. Each trough, of which there are generally five, takes about J hour to 
fill ; by the time the fifth is full, the cutters return to the first, and throw out the exhausted leaves, 
which are neither pressed, infused, nor boiled, and are valueless save as manure. When the juice has 
filled the receptacles, it is removed for evaporation ; this may he done at once, or postponed for 
weeks or months without injury to the juice. The usual apparatus is a copper vessel, having a 
large ladle at the bottom, which catches the sinking impurities, and is periodically emptied. A 
very superior quality is said to he produced by employing a vacuum pan. A little of a superlative 
kind is made by exposure in a shallow vessel to solar heat till dry; but the time and trouble render 
the method unprofitable. As soon as the workman judges the inspissation to have reached the 
proper point, the thickened juice is poured into gourds or boxes to harden. When gourds are used, 
a square hole is made to admit the drug, and is then nailed over with a piece of calico. The 
industry is confined to a few small cultivators, without knowledge or means to improve it. The 
preparation in Curaqoa, Bonaire, and Amha (Dutch W. Indies) is practically the same. 

The African modes of manufacture are still more primitive. In Cape Colony, the operator 
spreads a goat-skin in a shallow dished hollow, in dry ground, and lays the leaves on it in a circle, 
the cut ends inwards. Additional layers are piled up in the same way, the ends always projecting so 
as to drip into the central hollow. When the skin is nearly full of juice, its contents are emptied 
into an iron pot, and there boiled in the most careless manner. The industry is almost confined to 
the Bastaards and Hottentots, who adopt it only when more profitable work fails. In Natal, the 
process much resembles that in vogue at the Cape, but it is better conducted. The leaves are sliced 
obliquely, and the juice is left to exude in the sunshine ; it is then boiled down in iron pots, and 
stirred as it thickens, to prevent burning. While still hot, it is poured into wooden cases, ready for 
shipment. The preparation is performed by KafiSrs, employed by British and Dutch settlers. In 
Socotra, aloes forms the most important vegetable production. The plant flourishes in a wild state 
on the sides and summits of the limestone mountains, at elevations of 500-3000 ft. above the plains. 
Tire plant prefers patched and barren spots, and is most abundant on the western side of the island. 
Formerly the whole island produced aloes, the cultivation of which was monopolized and farmed 
out by the Sultan ; now everyone is free to gather the plant, without payment of any impost. The 
leaves are plucked at all seasons, placed in a skin, to preserve the escaping juice, and thus conveyed 
to the ports of Tamarida and Colesseah. The product is much deteriorated by the careless 
manner of the collecting and packing. It arrives at Zanzibar from Socotra, in a very soft state, 
packed in goat-skins ; it is there transferred to wooden cases, in which it concretes, for shipment. 
The skins are washed, and the aloetic liquor is evaporated, to avoid waste. 

Commerce. — (1) Socotrine (Bombay, East Indian, or Zanzibar) aloes, called also “Hepatic,” 
when opaque and liver-coloured, is imported in kegs and tin-lined boxes via Bombay, the Zanzibar 
aloes usually in monkey-skins ; its colour is dark reddish-brown ; its odour resembles myrrh or 
safiron. It is usually soft in the interior, but hardens by keeping, losing about 14 per cent, in 
weight. When quite liquid, it is known as “ hquid Socotrine aloes,” or “ aloe juice,” and is often 
sour and spoilt. The so-called “ Mocha” aloes is a very inferior, dark, foetid variety, brought to 
Aden from the interior of Arabia. The imports into Bombay in 1876-7, were 204 cwt. • in 1877-8 
634 cwt The Socotrine aloes is valued at about 25 rupees a cwt. ; the black, at' 10 rupees'. 
(2) Barbadoes aloes is hard and dry, chocolate-coloured, and with dull waxy fracture • its odour 
is distinct from, and more disagreeable than, that of the Socotrine drug. It is imported in boxes 
and gourds, containing 10-40 lb. or more. “ Capey Barbadoes” is the same drug with smooth 
glossy fracture ; by keeping, it passes iuto the common sort. The exports from Bartedoes, in 1871 
were 956 cwt. Cura^oa aloes is distinguished from the preceding by its odour. It comes to us via 
Holland, in boxes of 15-28 lb. Barbadoes aloes is worth about 60-190s. a cwt. (3) Cape aloes is 
distinguished by brilliant conchoidal fracture, and a peculiar odour resembling those of other varieties 
added to a sourish taint. The degrees of brilliancy of the fracture and of the colour of the powder 
are a basis for its division into several qualities. The exports from Port Elizabeth in 1878 were 
73,214 lb., valued at 6581 ; in 1877, 3259 lb., valued at 401 The approximate prices in the’home 
market are-good, 40-42Js. a cwt.; ihfenor, 36-39s. a cwt. This variety is not admitted into 
English medicine, but is esteemed on the Continent, and chiefly consumed there. (4) Natal al 
is greyish-brown, mostly opaque, like the hepatic, and quite unlike the Cape drug excentTn 
odour. It is prepared in the district between Pietermaritzburg and the Quathlamba’ mountains, 
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particiilarly in the counties of Mooi Biver and UmToti, at altitudes of 2000-4000 ft. The sports 
commenced in 1869 with 38 cwt. ; in 1872, they were 501 owt. The approximate market^dce is 
48s. a cwt. It yields a pale greenish-yellow powder. (5) Hepatic aloes was a term originally 
applied to the opaque liver-coloured kind of Socotrine aloes; but Natal aloes is often sold'' under 
this name. True hepatic aloes has an odour like Socotrine, and gives an orange powder. The 
price is about 40-80s. a cwt. 

Ammoniacum. — The hardened milky juice of the stem of Dorema Amtnaniacum is administered 
as an expectorant, and used in some plasters. (See Besmous Substances.) 

Angostura, Cusparia, or Carony (Fn., Eeorce (FAngusture de Colomhie ; Geb., Angostura- 
Rinde). — 'The bark of Galipea Cusparia (G. officinalis, Bonplandia trifoliata, Cusparia trifoliata') is a 
valuable tonic in dyspepsia, dysentery, and diarrhoea, but is going out of use. The tree is a native 
of Tenezuela, and is said sometimes to attain a height of 79-80 ft., but generally does not exceed 
12-15 ft. It is abundant on the mountains of San Joaquin de Caroni, in 7°-8° N. lat., near Cumaua, 
and in the districts of Tumeremo, Uri, Alta Gracia, and Cupapui, eastward of the Caroni river, 
and near the Orinoco. The bark occurs in pieces of various sizes, either flattish or in qiulls. Its 
fracture is brittle and resinous, its flavour is bitter, and its odour musty and nauseous. Its local 
names are Orayura, Quina de Caroni, and Cascarilla del Angostura; it is said to be a valuable remedy 
for the bilious fevers of the country ; and, in a bruised state, is used by the natives for intoxicating 
fish. Very little of it is exported directly ; it passes principally via Trinidad, where it is packed 
in cases for export. The bark is sometimes confounded with that of the closely allied Esenbeckia 
fehrifuga (^Eeodia febnfuga) of Brazil, which is distinguished by its dark inner surface and by 
being non-aromatic. Copalchi bark has also been sold for it in this country. It has a pleasantly 
aromatic taste, and a whiter coat, under which the bark is marked with minute pits. Nux vomica 
bark has occasionally been found mixed with this drug ; it is not aromatic, and can only be distin- 
guished by an expert. The value of Angostura bark is about 3-4s. a lb. 

Areca, or Betel, — The seeds of Areca Catechu have long been esteemed by Asiatics as a 
masticatory, supposed to sweeten the breath and promote digestion ; but only recent experiments 
have proved its value for the expulsion of worms (both lumbricus and icenia) &om men as well as 
animals. (See Nuts.) 

Arni ca (Fa. and Geb., Arnica). — From the roots of Arnica montana, is prepared a tincture 
for application to bruises and chilblains, and occasionally taken internally as a stimulant and 
diaphoretic. The plant is a perennial, found in the meadows of the central and northern parts 
of the N. hemisphere (except the British Islands), favouring the uplands in central and W. 
Europe, and the lowlands in colder climes. In the Arctic latitudes of Asia and America, the 
leaves become so narrow as apparently to constitute another species. The root has a herbaceous, 
slightly aromatic odour, and a somewhat acrid flavour ; it is sometimes adulterated with the root of 
Geum urbanum, which has a purplish centre, and a dove-like and astringent flavour. The flowers 
were probably first employed in making the tincture in Germany, but are not now oifioinal in the 
British Pharmacopoeia. Aomica root is worth about Is. id. a lb. 

Asafoetida. — The gum-resin derived from several species of Ferula is reputed stimulant and 
antispasmodic, and is much employed on the Continent, but little in Britain. In the East, it is 
used as a condiment, and as food. (See Eesinous Substances.) 

Atees or Atis. — The root of Aconitam heterophyllum has long been known in India as a 
tonic and aphrodisiac, and has recently been extensively prescribed as an antiperiodic in paroxysmal 
fevers. The plant is 1-3 ft. high, and grows in the temperate districts of the 'W. Himalayas, at alti- 
tudes of 8000-13,000 ft., as Simla, Kumaon, and Kashmir. The root has a bitter but not acrid 
flavour, is of a dirty-white colour, and in shape less conical than aconite root. The name is used 
for several other roots, including A. Napetlus (». ante — Aconite), and the tasteless root of Asparagus 
sarmentosus, &o. 

Eael, Indian Bael, or Bengal Quince. — ^Almost every part of .^gle Marmelos {Cratwm 
Marmelos) has some medicinal value ; a decoction of the bark of the root is used against melancholy, 
and palpitation of the heart, and in intermittent fevers ; the leaves are made into poultices for 
ophthalmia, and are employed in deooction for asthma ; but the principal virtue lies in the fruit, 
which acts as a tonic and astringent in diarrhoea, and as a laxative in constipation, and has been 
commonly used in India and Ceylon for centuries, as a specific against dysentery. The fruit is 
dried in slices when half ripe, but is also sometimes collected when fully ripe, and dried whole. 
The tree is common throughout Hindostan, Ceylon, Java, Sumbawa, Celebes, and Amboyna ; it is 
wild and gregarious in the Coromandel Ghfits, and the W. Himalayas, up to 4000 ft. ; and promises 
to flourish in the hotter parts of Australia. Its ordinary height is 30-40 ft. The fruit somewhat 
resembles an orange, but has a woody shell, and though not eaten as dessert, its juicy pulp is made 
into jam with sugar, or into a refreshing drink with sweetened water ; when wild, it is flavourless 
and hard. The astringent rind yields a yellow dye. The fruit is sometimes replaced by that of 
the wood-apple {Feronia ElephanHm), and even by pomegranate peel. 
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Barberry (Indian).— The wood and root of several Indian species of Berbens were long 
empli^bd in the preparation of an extract, commonly used in various forms of eye disease, and 
known to the ancients as Lycium, and in the -bazars as Busot or Easot ; it is now replaced by a 
tincture of the bark of the rhizome and rootlets, extensively administered in the treatment of Indian 
fevers, diarrhoea, and dyspepsia, and as a tonic. The three species yielding the drug are — (1) Ber- 
beris Asiatica, distributed throughout the dry valleys of Bhotan and Nepal, westwards along the 
Himalayas to Garwhal, and in Afghanistan ; (2) B. aristata, in the temperate altitudes (6000- 
10,000 ft.) of the Himalayas, in the Nilgiris, and in Ceylon ; (3) B. Lycium, peculiar to dry, hot 
portions of the Himalayas, at 3000-9000 ft, not used in this country as yet. 

Bearberry (Fb., Busserole ; Ger., Barentrauben). — The leaves of Arctostaphylos Uva-arsi (A. 
officinalis. Arbutus Um-ursi) are valued as an astringent tonic in atfections of the bladder. The 
plant is a small evergreen shrub, widely distributed in the N. hemisphere ; it occurs in Scotland, 
N. England, and Ireland, on the chief mountain ranges of Central and S. Europe, in Eussian Asia 
and N. Europe, in Iceland, and in N. America. The leaves are |-1 in. long, and J-| in. wide, 
dark-green in colour, with a very astringent flavour, and when powdered, a tea-like odour. They 
are sometimes confounded with those of the red whortleberry, or cowberry (Facciraiu/n Yitis-idcea'), 
which are dotted underneath, and have revolute mai gins. 

Belladonna, or Deadly Nightshade (Fb., Belladone ; Geb., Belladonna, ToUkraut). — The 
root of Atropa Belladonna is used chiefly for the preparation of atropine, also an anodyne liniment ; 
from the fresh leaves, an extract is made ; and from the dried ones, a tincture. The plant is a tall 
smooth herb, growing in the clearings of woods in Central and S. Europe. It is found doubtfully 
indigenous in some of the S. counties of England, chiefly on chalky soil, and is cultivated at 
Hitchin. It is also sparingly cultivated in France and N. America; in a wM state, its range 
extends eastwards to N. Asia Minor, Caucasia, and the Crimea. 

The root is fleshy and tapering, and attains a length of 1 ft., and a thickness of 1-2 in. ; when 
fresh, it is rough, and earthy-brown externally, but creamy-white internally ; its odour is earthy; its 
flavour is scarcely apparent at first, but soon becomes powerfully acrid. The root occurs in com- 
merce in a dried state, as rough pieces of dirty-grey colour, aud with an eartiiy odour resembling 
liquorice root. The smaller roots are the better, as the bark is considered to contain the greatest 
proportion of the alkaloid principle. Its preparation has been described under Alkalies— Organic, 
p. 230. Our supplies are drawn chiefly from Germany, and are of poor quality ; a much better 
article is produced from home-grown roots, washed, sliced, and gently dried. The close resemblance 
of the roots of two or three species of Mandragora causes them to be easily mistaken for the drug. 
The leaves of belladonna are 3-6 in. long, bright-green in colour, acutely ovate, smooth, quite 
entire at the margin, soft and juicy ; when bruised, they emit an offensive, herby odour, which 
disappears on drying ; the flavoiu of the dried leaves is bitter and unpleasant ; the loss by drying 
is about 84 per cent, of the weight. The root, when scraped with the nail, shows white beneath 
the epidermis. Marshmallow root, which is sometimes mixed with it in commerce, has a fibrous 
fracture; that of belladonna is short. Japanese belladonna root, recently offered for sale in this 
country, is the root or rhizome of Scopolia Japonica. It differs from the true drug in being twisted, 
marked with circular scars or discs, aud in not showing a white interior when scraped with the nail. 
It contains atropine. Belladonna root is worth about Is. a lb. 

Black roots. — The root of Leptandra Virginica yields leptandrin, a cholagogue lately intro- 
duced from the United States. The root is branched, and blackish externally. Another plant, 
Pterocuulon polystachyum, is called “ black-root ” in Georgia, but is of a different shape, being some- 
what bulbous or tumip-like. 

Boldo. — The leaves of Boldoa fragrans {Peumus Boldus) are used in Chili for diseases of the 
liver, and for syphilis, and have been imported into this country of late years. The leaves are oval, 
about 1 in. long, and | in. wide, rather rigid, with recurved margins, and very rough to the touch. 
Their taste slightly resembles that of lemon thyme, or verbena. 

Boilduc(FB., Bonduc Cniquier ; Geb., Gmlandine, Schncllerhiise'). — The powdered kernels of the 
fruit of Ccesalpinia Bonducella QGudandina Bonducelki) are largely employed in India either alone or 
with black pepper, as a tonic and febrifuge. The plant, which seems to be commonly confounded 
with the much rarer species C. Bonduc, is very widely distributed in the maritime regions of 
Tropical Asia, Africa, and America. It is found all over India, under the name Nata, and besides 
being administered, is mixed with castor-oil for application in hydrocele. In Cochin China, the 
leaves are considered deobstruent and emmenagogue, and the root astringent, while an oil from 
the former is used in convulsions, palsy, &c. In Amboyna, the root is employed as a tonic. In the 
W. Indies, the plant is caUed “horse-nicker,” or “chick-stone,” and is commonly used for fences, 
whUe the seeds are made into ornaments. It thrives in Egypt, and might probably be grown 
throughout the Mediterranean basin. The seeds are often washed upon the shores of Scotland, 
and are there called “ Molucca beans ” ; another name for them is “ grey nicker seeds (or nuts) ’’ 
The yellow seeds, similar in shape and size, sometimes mixed with them, are those of C. Bonduc: 
neither is used in this country. 
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Broom-tops (Fr., Genet-a-balais ; Qeb., Besenginster, Pfriemenkraut). — ^The young herbaceous 
branches of Cystisus Scoparius (^Spartium Sccparium^ Sarothamnus vulgaris), or the commoir Broom, 
are dried, and from them is prepared a decoction, used as a purgative and diuretic; the fresh juice, 
preserved by adding alcohol, is similarly employed. The plant is a woody shrub, 3-6 ft. high, 
growing gregariously in uncultivated sandy places. It is common throughout Great Britain ; on 
the Continent, it is abundant in the Ehine Valley, S. Germany, and Silesia ; but it is absent from 
the Alps, and many parts of Central and E. Europe, though found in Central and S. Kussia, and 
eastward of the Urals. The fresh branches, when bruised, emit a peculiar odour, which disappears 
on drying ; their flavour is a nauseous bitter. The stems are angular, and-differ in this respect 
from a shrub very similar in appearance, which is common in gardens, and has smooth round stems 
— Spartium junceum. 

Buchu, Bucchu, Bucha, or Buka (Fb., Bucco; Geb., Buku). — The leaves of three species 
of Barosma are a valuable remedy in disorders of the urino-genital organs ; and in the Cape, are 
much used infused in water, wine or spirit, as a popular stimulant and stomachic. The three species 
are B. betulina, B. crenulata (crenata), and B. serratifolia ; the two first are found in Worcester and 
Clanwilliam divisions, north and north-east of Cape Town, the last is met with further south, in 
Swellendam. The leaves of each species are gathered and despatched separately; those of 
B. betulina are considered of least value, and fetch the lowest price. They appear to contain almost 
equal proportions of essential oU (see Barosma Camphor, p. 578) ; they possess a peculiar pene- 
trating odour, and a strong aromatic flavour. The use of the drug was acquired from the 
Hottentots ; it is now largely consumed in Great Britain and America. The exports from Cape 
Colony, in 1872, amounted to 379,125 Ih. ; the price in the home market varies from 2d. to Is. Zd. 
a lb. The leaves of Emplmrum serrulatum are occasionally imported and sold as B. serratifolia : 
they diflfer in not having the odour of buchu, and in the leaves being longer, and sharply pointed. 
The flowers, fruits, and leafy twigs of the plant are often mixed with the leaves. 

Buckthorn (Fb., Neprun; Gee., Kreuzdorn). — From the juice of the berries of the common 
buckthorn {Rhamnus cathartica), is prepared a syrup, used as a powerful purgative, principally for 
animals ; but in the provinces, it is given to children after measles, &c., as a domestic medicine. 
The shrub is distributed throughout England, but is common only in certain districts, the 
fruit being collected chiefly in Herts, Bucks, Oxford, and Wilts. Its range extends from 
Norway, Sweden, Finland, and Siberia, into S. Bussia, Caucasia, and N. Africa. The fruit is 
gathered when ripe, in the autumn, and the juice is generally expressed by the collectors. The 
fresh juice has a sp. gr. of !• 070-1 '075, a reptdsive odour, a sweet, but afterwards very bitter, 
flavour, and a green colour, which becomes red on keeping. The berries contain colouring matters 
(see Pigments — Sap-green). 

Cajuput. — An essential oil, distilled from the leaves of MeloXeuca Leueadendron, is in frequent 
use externally, as a rubefacient, and is occasionally administered as a stimulant, antispasmodic, and 
diaphoretic. (See Oils.) 

Calabar-bean, Ordeal-bean, Esere-nut, Chop-nut (Fb., Five de Calabar; Geb., Calabar- 
bohne). — From the seeds of the fruit of Physostigma venetwsum, is prepared an alcoholic extract, 
employed chiefly in ophthalmic cases, for contracting the pupil of the eye, and occasionally 
administered in tetanus, neuralgia, rheumatism, &c. The plant is a perennial climber, resembling 
the “ scarlet-runner,” but reaching a height of 50 ft., and having a woody stem 1-2 in. thick. It is 
indigenous to the neighbourhood of the mouths of the Niger and Old Calabar rivers, on the Guinea 
Coast, also on the Cameroons and the Gold Coast, and has been successfully introduced into India 
and Brazil. Each fruit contains two or three seeds, the “ beans,” 1-lf in. long, f in. broad, and 
J-| in. thick, weighing about 65-70 gr. eeich ; they possess no more flavour than an ordinary bean, and 
are devoid of odour while in a dry state, but on boiling them, or evaporating their alcoholic tincture, 
a cantharides-like odour is emitted. The shells of the beans also contain the active principle. 
The beans have long had a reputation as an ordeal poison of tropical W. Africa, but have only 
recently appeared in commerce. In common with the large seeds of Entada scandens, a Mumna, and 
several other leguminous seeds. Calabar beans are known to the natives as “ Garbee beans ” ; hence 
arises the common admixture with, or substitution of, other seeds with the Calabar beans. The 
latter vary much in the quantity of alkaloid they contain, a feature probably dependent upon the 
time at which they are collected ; the finest beans are usually the richest. A small grub sometimes 
devours the interior of the seed ; but the excrement of the insect is as powerful as the seed itself, 
the active principle undergoing no change by passing through the body of the grub. The general 
price is 2s. 6(i.-3s. 6d. a lb., falling to 9<t when abundant. The beans contain two active prin- 
ciples : eserine or pbysostigmine, and calabarine, the former only being used in medicine. It 
readily decomposes in presence of ammonia or other alkali, forming a red fluorescent body called 
rnbreserine. Beans which have a red tint internally are, therefore, of inferior quality. Kecently a 
longer bean, yielded by P. cylindrospermum, has on one or two occasions been imported. It is richer 
in active principle than the ordinary kind. 

Calumba, or Colombo (Fb., Colombo ; Geb., KalanAa, Columbo). — A tincture, or an aqueous 
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infusion, of the root of the Kalumb (JateorMza palmata) is much used as a mild tonic. The plant is 
a large-leaved perennial climber, indigenous to the forests of E. Africa ; it is most abundant in the 
island of Oibo, and on all the coast between that Portuguese settlement and the banks of the 
Zambesi, for a distance of 15-20 miles inland. According to one author, it is cultivated on the 
islands of Oibo and Mozambique ; but a later traveller says that it is never cultivated. The plant 
was long since introduced into Mauritius, and still thrives there ; a specimen from Madagascar is at 
Kew. The roots are dug up in the dry season (March), or when the natives are not employed in 
agriculture. The tap-root, which is perennial, is not used, but only such off-shoots from its base 
as are of sufficient size, yet not so old as to be fibrous. Soon after digging, the rootlets are cut into 
slices, strung on cords, and hung in the shade to dry. Those pieces are beat which, on exposure 
to the sun, break short ; those which are soft or black are of inferior quality. When they reach 
this market, they measure 1-2 in. wide, and a-a in. thick ; they are light and corky, and easily 
broken; their colour, a dull greenish-yellow, is often modified by washing; they have a musty 
odour, and a nauseous bitter flavour ; they are often much bored by insects. The drug is shipped 
from Mozambique and Zanzibar, both direct to Europe, and via Bombay and other Indian ports. 
In 1781, it was valued at fils, a lb. ; it is now worth 35-fiOs. a cwt. Among the Africans, its 
reputation as a cure for dysentery, and as a general remedy, is very widespread. 

Camplior. — The stearoptene obtained by distilling chips of Cinnamomum Camphora possesses 
stimulant properties, and is widely used in medicine, both externally and internally. (See Camphor ; 
Eesinous Substances — Camphor.) 

Canella, or Canella Alba (Fe., Canelle hlanche; Gee., Canella ). — The bark of Canella alba 
has aromatic stimulant properties. The tree grows to a height of 20-30 or even 50 ft., in the 
Bahamas, several of the W. Indies (Barbadoes, Cuba, Guadaloupe, Jamaica, Martinique, St. Croix, 
Trinidad), and in S. Florida. * The bark is collected by subjecting it first to a gentle beating, to 
remove the suberous layer, and an additional one to effect a further separation ; it is then peeled 
off, and dried, ready for export. It is now shipped solely from the Bahamas (Nassau, New 
Providence I.), where it is called “ Whitewood bark,” or “ Cinnamon-bark ” ; the exports, in 1876, 
were 125 cwt. ; the market price is about 24-30s. a cwt. The drug reaches us in the form of quills, 
2-8 in. long, i-2 in. wide. It has a bitter, pungent, acrid flavour, and an agreeable cinnamon-like 
odour, which it retains for centuries; even its corky coat is fragrant. Its medicinal use in Europe 
is decaying ; as a condiment, it is used by the W. Indian negroes. It is often confounded with 
Winter’s-bark. The powder mixed with aloes forms the Hiera Picra of the druggists’ shops. 

Cantbarides, or Spanisb Flies (Fe., Cantharides; Gee,, Kanthariden), — Vesicatory or 
blistering beetles are the only important medicinal insects of the present day. Principal among 
them are Cantharides of several species, belonging to the Coleoptera, or Beetle-tribe. The can- 
tharides of commerce are furnished chiefly by Cantharis vesicatona {Lytta tesicatoria), common in 
Spain, Italy, Sicily, France, Germany, Hungary, Russia, and Siberia. This speeies finds its 
favourite food in the leaves of the ash ; but the lilac, privet, and jasmine, and more rarely, the 
elder, rose, apple, and poplar are also frequented by the insects. They swarm like bees, and emit an 
odour which may be perceived at a distance, and often serves as a guide to their whereabouts. 
They are caught in May, June, and July, the time chosen being late evening and early morning, 
when their wings are wet with dew ; the trees are shaken, and the falling insects are gathered on 
cloths, killed by vinegar fumes, dried in the sun, and put up in glass-stoppered bottles, great care 
being required to guard against the ravages of mites and other minute pests. The flies are so li<»ht 
that fifty scarcely weigh a drachm, yet they are often shipped by tons. The supply varies greatly from 
year to year, and is furnished mostly by Mediterranean ports. Sometimes considerable quantities are 
obtained from Russia, in cases of 180 170 lb. ; these insects are remarkable for their large size. The 
value of cantharides varies from Is. fid. to 4s. fid. a lb. Adulteration is often attempted by 
mingling other insects, e. g. Melolmtha vitis, Chrysomela fastmsa, Cetonia aurata {Scarabceus auratus), 
which possess no stimulating property. The value of cantharides is entirely due to the presence of 
a vesicating principle termed “ cantharidin,” which is obtained by digesting the pulverized flies in 
alcohol, adding water, and distUUng off the spirit. This principle is said to reside almost whoUy 
in the softer parts of the body, and is perhaps most largely developed in the blood. The flies do 
not lose their virtue by keeping, and their efficacy is due in some measure to their food. A blind 
preference seems to be shown for samples of the most brilliant green colour, which is not an 
indication of superiority. If allowed to become damp, their vesicant propeity is impaired. 

The above described species is that most generaUy known in Europe; but several other 
varieties of Cantharis, as well as some totally distinct insects, possess similar properties and may 
be substituted for it. They are chiefly as follows:— (1) Apteropasta segmentata—foxaid with 
C. albida, and equally plentiful. (2) Cantharis (_Lytta) adspersa—kaom as Bicho moro in the 
Argentiue Republic, where it is common, and destructive in gardens; also in the Banda Oriental 
and Mendoza. (3) C. (^Macrobasis) a»ida— numerous in Texas, New Mexico, and on the plains’ 
(4) C. {Lyfta) atomaria—m Brazil. (5) C. atrivithUa—m Texas, probably in abundance (6) C 
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{Epicauta) dnerea — throughout all the States eastward of the Rocky Mountains, and in many parts 
of Canada ; in the S. States, its size increases ; its vesicatory power fully equals that of C. vesicatoria. 
(7) a (LyUa) gigas~in Guinea. (8) C. {Pgrota) my/aftrina— abundant throughout the whole region 
from Kansas to Mexico. (9) C. nigricornis — on the Parana. (10) 0. Nuttalli — extremely abundant 
in Kansas and Colorado. (11) C. punctata— m Siberia. (12) C. {Lgtta) raficeps—m Java and 
Sumatra, and a variety in China. (13) C. (Lytta) violacca — in India. (14) C. vitUipennis — in 
Chili ; probably the most efiScacious of the Argentine species, and common along the whole west 
side of the Republic, at the foot of the Cordillera. (1.5) C. (Lytta, Epicauta) vittata — common in the 
United States and Canada, but most abundant north and west of the Carolinas, extending towards 
the Rocky Mountains ; in the south, replaced by the very closely allied C. lemniscata ; quite equal 
to common cantharides as a vesicant, but much smaller, and therefore more difficult to gather. 
(16) C. (Pyrota) vittigera—ao. tiiO Va.xa.ni,. (17) C.mlnerata — extremely abundant throughout the 
entire Pacific region west of the Sierra Nevada ; this species may be found commonly on a variety 
of Baccharis, and has proved to be powerfully vesicant. (18) Cysteodemus armatus — very plentiful in 
Arizona and the deserts of California, wherever the Grease-wood (Larrea Mexicana) thrives ; its 
size varies much ; its vesicatory properties are, perhaps, too slight to render it of much value. 
(19) Horia macnlata — in the Argentine Republic ; over 1 in. long. (20) Lydas algiricus var. indicus — 
Pondicherry. (21) L. trimaaiiatus — in S. Europe, from Italy to the Caucasus. (22) Meloe angusti- 
collis — in the E. States, and in many parts of Canada ; sometimes congregated under stones. (23) M. 
Xliigii — in the Banda Oriental. (24) Mylabris Cichorii—ihe Telini-fly of India; on the fiowers 
of wild chicory and other Composite ; also ranges from Egypt, Italy, and Greece, to Central Asia and 
S. China ; contains more cantharidin than C. vesicatoria, and is now common in European commerce. 
(25) M. phalerata — in China. (26) M. pustulata — in large numbers all over S. India at certain 
seasons. (27) M. syriaca — in Syria and Persia. (28) Pseadomeloe miniaceo-macuhtus — in the interior 
of the province of Buenos Ayres ; not common. (29) P. sanjuinolentus — in Mendoza, Argentine 
Republic. (30) Tegrodera erosa — plentiful in S. and Lower California. (31) Tetraonyx violaceo- 
pennis — in Brazil. Three species of Tetraonyx are found in the Argentine Republic: one in 
Tucuman, two in Mendoza. Dr. Armstrong found at the Cape of Good Hope great numbers of 
a species of Cantharis better and stronger than the common fly. 

Chinese cantharides are often to be met with at the London drug sales. In colour and size, they 
differ from the Spanish, being larger, and having transverse bands of yellow on a black ground. 
They consist chiefly of two species of Mylabris, M. Cickorii and M. phalerata, mixed in variable pro- 
portions ; the latter are larger than the former, butsimUar in colour. Chinese cantharides frequently 
contain more cantharidin than the Spanish flies, but the yield is uncertain. Both contain a fatty 
matter, removable by bisulphide of carbon, in which cantharidin is insoluble. Recent researches 
show that Cantharis (Lytta') adspersa is a valuable source of cantharidin, being richer than the 
Spanish fly. 

Capsicum. — The fruit of more than one species of Capsicum possesses a pungency which renders 
it useW as a local stimulant, in the form of gargle, and liniment ; it is also administered to assist 
digestion. Its principal application, however, is as a condiment. (See Spices.) 

CascariUa, Sweet-wood, or Eleuthera (Fa., Cascaiille; Geb., Cascarill).— The bark of 
Croton Eluteria is prescribed as a tonic, in the form of an infusion or a tincture. The plant is a 
shrub, usually 3-5 ft. high ; it is indigenous only to the Bahamas, where it is pretty plentiful, espe- 
cially in the islands of Andros, Long, and Eleuthera. The drug occurs in quills and fragments, 
generally of very small dimensions, and derived from young wood. The colour of the cortical layers 
changes from pale-red in young bark, to deep-red in older samples. The surface is often coated 
with a minute lichen, which gives it a chalky-white appearance, speckled with small black dots 
(apotheci'i), about the size of a pin’s head. By this character, and its aromatic taste, it is dis- 
tinguished from Pale Cinchona bark, which it otherwise resembles. The flavour of the bark is bitter 
and nauseous ; its odour is very fragrant and agreeable, and is abundantly emitted on burning, hence 
the drug is a favourite ingredient in fumigating pastilles. Packed in sacks, it is shipped from 
Nassau (Bahamas) in varying quantities. The exports, in 1876, were 1093 cwt. The market value 
is about 17s.-24s. 6d. a cwt. The natives of the Bahamas employ the cortex, and tender shoots, 
for the preparation of decoctions, and select the leaves for medicating their warm baths. 

Another species, called Jamaica, or Caribbean, CascariUa (Croton Sloanei), is indigenous to 
Jamaica, and very abundant there ; but it is unknown in the Bahamas, and though employed medi- 
cinally by the colonists, does not enter into commerce. A third species is the Smooth-leaved, or 
False Bahama CascariUa (C. lucidus), locally termed “ False-sweetwood bark.” It is commoffm the 
Bahamas and most of the W. Indies ; its bark outwardly resembles the genuine drug, but is slightly 
bitter and astringent, and not aromatic, and is reddish externally, with the inner surface finely 
striated ; it forms an occasional adulterant of the true bark, and appears to possess emetic properties. 
C. CascariUa, which originally yielded the drug, is now extirpated, or nearly so. C. niveus (Pseudo- 
china), yielding Copalchi-bark, or Quina blanc.!, sometimes called CascariUa, is a native of Mexico, 
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Central America, Colombia, Venezuela, and the W. Indies; it grows to a height of 10 ft., and 
furnishes quills of bark 1-2 ft. long. It presents no resemblance to CascarUla, but has been sold in 
London for Cusparia bark (see Angostura.) 

Cassia (Fe., Casse Canefice ; Gee., liSArencassie). — The pulp extracted from the pods of Cassia 
Fistula (^Carthartocarpus Fistula ; BactprUobium Fistula') forms one of the ingredients of the well- 
known lenitive electuary, and is in common domestic use as a mild laxative in S. Europe. The tree, 
20-50 ft. high, is indigenous to India, up to 4000 ft. on the outer Himalayas, and probably also in 
the country of the Dor, Tropical Africa ; it is now acclimatized and partially cultivated in Brazil, 
W. Indies, and Egypt. The ripe legume is a dark chocolate-brown cylinder, lJ-2 ft. long, and 
|-I in. thick, divided into 25-100 cells, each containing a seed, embedded in a soft saccharine 
pulp. In the fresh fruits, the cells are filled with this pulp ; but on their arrival here, the latter 
appears only as a thin layer of a viscid substance, of mawkish-sweet flavour. To prepare the pulp 
for use, it is separated from the pods, by crushing them, digesting them in hot water, and evaporat- 
ing the strained liquid. The pulp is occasionally imported as such, but is much inferior to that 
newly prepared. The drug comes to us principally from the W. Indies ; in a minor degree also, from 
the East. Its market value is about 55-7s. a ewt. The pulp yielded by the legumes of some 
other species of Cassia is occasionally employed. That of C. grandis {Brasiliana), a native of Brazil 
and Central America, is hitter-astringent ; that of C. moschata, growing in Colombia, is sweetish- 
astringent. In Martinique, Liberia, Senegal, the Gaboon, Mauritius, &c., the roots of C. occidentalis 
are used as a diuretic, and its leaves as a purgative ; the chief value of the plant lies, however, in its 
seeds, which, when roasted, are largely employed as a substitute for coffee, under the name of “ negro- 
coffee,” or cafe negre. (See also Spices — Cassia.) 

Castor. — Castor consists of the preputial follicles of the common hearsei {Castor fiber). It is 
imported from Hudson’s Bay, in the form of flattened fig-shaped sacs, blackish and wrinkled exter- 
nally, reddish-brown with a resinous fracture internally, and a characteristic disagreeable odour. 
It melts when heated. Formerly it was imported also from Siberia, but Russian castor is practi- 
cally unknown at the present day. The drug has had a high reputation as an antispasmodie, in 
hysteria and nervous diseases. 

Castor Oil. — The leaves of the Castor-oU plant (Bicinus communis), applied in decoction to the 
breasts of women, are said to promote, and even occasion, secretion of milk. The principal value 
of the plant, however, lies in its seeds, from which is obtained the well-known purgative oil. 
(See Oils.) 

CebadiUa, or Cevadilla (Fn.. Cevadille; Gee., Sabadillsamcn, Ldusesamen ), — The seeds of 
Asagrtea officinalis ( Veratrum officinale, Sabadilla officinarum, Schanocaulon officinale) are employed as a 
source of veratrine. The plant is a native of Mexico and Guatemala, and is found in grassy portions 
of the E. face of the Cofre de Perote range, and in Orizaba, near Teoloso, Huatusco, and Zacuapan, 
down to the sea, besides being cultivated near Vera Cruz, Alvarado, and Tlacatalpan. Another form 
of the plant is abundant near Caracas, on grassy slopes at 3500-4000 ft., and southwards on the 
uplands of the Tuy valley ; it largely contributes the drug. The seeds are inodorous, and possess 
a bitter acrid flavour ; their powder causes violent sneezing when inhaled. Freed from their cap- 
sules, they have been of late years shipped in large quantities to Europe. From La Guayra and 
Porto Cabello, 2500-3000 cwt. are sent annually to Germany ; the total export from the former 
port, in 1876, was 690 cwt , of which 510 cwt. went to Germany. The local value is about 
14s. a cwt. 

Chamomile (Fk., Camomille Romaine; Gee., Romische Kamille). — An infusion or extract of the 
flowers of the Common, or Roman, Cliamomile {Anthemis nobihs) is in general use as a stomachic and 
tonic. The plant is a small creeping perennial, abundant on the commons of S. England, and 
reaching to Ireland, but absent from Scotland, except the isles of Bute and Cumbrae ; plentiful also 
in Central and W. France, Portugal, Spain, Italy, and Dalmatia, and doubtfully native in Central 
and S. Russia. The plant is largely grown in Kieritzsch, and near Zeiz and Borna, in Saxony ; to 
some extent, in Belgium and France ; and about 50 acres of it are cultivated at Mitcham, in 
Surrey. The following details refer more especially to the last-named locality : 

Sets are generally cut from the roots, each root affording 3-4 dozen, and these are placed about 
18 in. apart, in rows 1 yd. apart. The beds need constant hand-weeding, the spaces are forked 
over at the beginning of winter, and the exposed and loose roots are covered with fresh mould. The 
plants are occasionally raised from seed, when introducing a fresh stock. The best time for plant- 
ing is March ; but it is also sometimes done in April, and even in the autumn. The crop is in 
perfection in July, lasting till September, and in sonae seasons till October. The best weather 
is alternate sunshine and sharp showers. The best soil is stiffish black loam ; light sand causes 
the plants to become weak; clay is too heavy. Change of ground, every 2-3 years, is beneficial ; 
manuring should be very slight, or it will cause an excess of stem and leaf, and reduce the crop of 
flowers. The gathered flowers are placed on canvas trays in a drying-room, heated by a stove 
where they remain for about one day. The crop ranges from 3 to 10 cwt. an acre, and averages about 
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4 cwt. Single flowers give greater weight than double; but, having a lower value, they yield about 
the same. Gathering and drying cost about 42s. a cwt. 

The flowers of the wild plant are never met with in commerce, only those of the cultivated form. 
They vary according to locality and degree of cultivation : the best are of large size, very double, 
and of a good white colour, the last quality depending much upon fine dry weather at the flowering 
period ; the inferior are only partially double, and have a yellowish or brownish centre. They are 
known respectively as “ double ” and “ single,” and vary widely in price. Home-grown flowers 
fetch 2-3 times as much as foreign ; the ordinary value is about 21.-51. a cwt. The flowers have a 
powerful odour, and a very bitter flavour, and yield about J per cent, of essential oil. At Mitcham, 
oil is distOled from the whole plant, after gathering the best flowers. The fresh wild plant is 
sometimes sold for making extract ; but the latter is unfit for medicinal use. The flowers of 
Matricaria Chamomilla, under the name of “ German chamomile,” are occasionally to be seen in the 
London drug market. They are never double flowers, and are distinguished also by having a hollow 
conical disc, without scales, inside the flower heads. In Germany, they are preferred to the Roman 
chamomile. 

Chaulmugra. — The seeds of Gynocardia odorata yield an oil, which has been used in the 
East from time immemorial, for the cure of skin diseases, scrofula, &c. Its powerfully alterative 
nature has recently attracted the attention of Europeans, and it is now largely prescribed in con- 
sumption and rheumatism, and as a specific against syphilis. (See Oils.) 

China-root (Fe., Squine ; Geb., Chinamurzel). — The fibrous roots of SmUax China here and there 
swell into large tubers ; these maintain a high reputation in China and India as a remedy against 
syphilitic and rheumatic diseases, a reputation formerly enjoyed also in England, but latterly 
ignored. The plant is a thorny climbing shrub, indigenous in Nepal, Sikkim, Kasia, and Assam, in 
China, Cochin China, Formosa, and the Loochoo islands, and generally throughout Japan. The 
tubers are dried, and trimmed of excrescences, entering into commerce in the form of irregular 
cylinders, about 4-6 in. long and 1-2 in. thick, and covered with a shining rusty bark. The export 
of the drug to Europe is principally from Canton, the quantity, in 1872, amounting to 51,200 lb. ; 
since then, no separate account seems to have been taken. The trade between Chinese ports is much 
more significant; the shipments from Hankow, in 1878, were 11,656 piculs (of 133^ lb.), valued at 
over 23,000?., and from Kiu-Kiang, 6750 pUmls, worth about 14,000/. The price of the drug in the 
English market is about 308.-35s. a cwt. Several other species of the plant, which belong to the 
same family as the more popular Sarsaparilla, have at least a local reputation and use. Thus 
S. glabra and S. lancecefolkt are common in India and S. China, and yield tubers scarcely differing from 
the commercial drug ; the W. hemisphere furnishes a number of species, some of whose tubers have 
been occasionally imported from Puntas Arenas (Costa Rica) as “ Western China root ” : they are 
chiefly — S. Pseudo-China, and <8. tamnoides, in the U.S., southwards from New Jersey; S. Balbisiana, 
common in all the W. Indies ; S. Japicanga, S. syringoides, and S. Brasiliensis. 

Chiretta. — Ophelia Chirata is a herb, pos3es.sing a strong bitter tonic principle, much valued in 
India, little used in England, and ignored on the Continent. When cheap, however, it replaces 
gentian in cattle-foods. An inferior kind, derived from Ophelia angustifolia, with the woody portion 
thicker, and containing no pith, is occasionally imported. It gives a paler and weaker infusion. 
(See Spices.) 

Cinclioiia, or Peruvian Bark (Fb., Ecorce de Quinquina; Gee., Chinarinde'). — The barks of 
a number of plants belonging to the genus Cinchona, and the alkaloids prepared from them, consti- 
tute the only reliable remedy against fevers, and form the most important of our vegetable drugs. 
The subdivision of the genus into species and varieties is a subject on which botanists are widely at 
variance: for the purposes of this article, moreover, it will suffice to confine attention to those 
species which afford a bark used in pharmacy, or employed for the manufacture of the alkaloids. 
The home of the genus is a district of S. America, lying on the W. side, between 10° N. and 22° S. 
lat., chiefly on the E. slopes of the Cordillera of the Andes, at an average altitude of 5000-8000 ft. 
The maximum elevation is about 11,000 ft., the minimum, 2600 ft., the decrease taking place as a 
higher latitude is reached ; the most valuable kinds are not found below 5000 ft. Variety of soil 
has less influence upon the plants than climatic conditions ; these latter, in the natural habitat of the 
plants, are extremely changeable as regards sunshine and moisture. While a passing tempera- 
ture of but little above freezing may be borne by the hardiest kinds, the majority prefer a mean 
of about 12°-20° (51°-68° F.). Manuring increases appreciably the proportion of alkaloids. 

The production of commercial barks is limited to about a dozen species. Of these, three only 
are admitted for pharmaceutical use, the remainder being employed only in the manufacture of the 
alkaloids. The former are;— (1) C. officinalis, oi several varieties; native of Ecuador and Peru, 
forming a large tree ; yields “ Pale,” “ Loxa,” or “Crown” bark, found in quills sometimes I ft. 
long, i-J in. thick. (2) C. Calisaya, of many varieties ; native of the warmest woods of the slopes 
bordering the valleys in the Bolivian provinces of Enquisivi, Yungas de la Pax, Larecaja (Sorata), 
Caupolican (Apolobamba), and Munecas, and the Peruvian province of Carabaya, at elevations of 
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5000-6000 ft. ; attains great height and size ; affords “ Calisaya,” “ Bolivian,” or “ Yellow” bark, 
the most important of those commonly used, found (a) in flat pieces, 1 ft. or more long, 1-4 in. 
wide, and i-f in. thick (= “flat”), and (6) in tubes in. thick (= “quill”). (3) C. sucai- 
rvhra, native of aU the Andean valleys debouching on the plain of Guayaquil, but now almost con- 
fined to the woods of Guaranda, on the W. slopes of Chimborazo, at 2000-5000 ft. ; forms a tree 
of 50-80 ft. ; yields the “ Bed ” bark, so named from its distinctive colour ; is held in least esteem 
in England, but when of deep brilliant tint is readily sold at a high figure for the Parisian 
markets. The members of the second class are principally : — (1) C. macrocalyx, of Pern, affording 
“ Ashy Crown ” bark ; its sub-species C. Palton yields “ Palton ” bark, much used for making 
quinine. (2) C. lanceolata, of Peru, yields “ Carthagena ” bark, confounded with “ Palton,” but not 
so good. (3) C. lancifolia, of New Granada, affords “Columbian” bark, very largely used for 
quinine; a variety gives “Soft Columbian” bark. (4) C. pitayensis, ot New Granada, furnishes 
“ Pitayo ” bark, very valuable for the preparation of alkaloids, being the chief source of quinidine. 
(5) C. australis, of S. Bolivia, produces a poor bark, often mixed with Calisaya. (6, 7, 8) 0. Peru- 
viana, C. nitida, and C. micrantha, all of Peru, contribute “ Grey,” “ Huanuco,” or “ Lima ” bark, 
chiefly employed on the Continent. (9) C. cordifolia, of New Granada and Peru ; some of its varieties 
furnish a portion of the “ Columbian ” bark, and are used for the preparation of alkaloids. A new 
variety, called China cuprea, has recently appeared in the London market. Its inner surface is 
very smooth. It contains about 2 per cent, of quinine, and but little resinous matter. 

The collection of the bark in S. American forests is an arduous occupation, followed only by the 
Indians and half-breeds. The stem of the tree is first freed from parasitic growth, and is then 
beaten, to remove the sapless outer bark. Vertical and cross cuts are next made in the inner bark, 
as high as can be reached ; the tree is felled, and the inner bark is completely stripped off. The 
latter is then dried, by sun-heat where possible ; failing that, the bark is spread on hurdles over a 
camp-fire. The thinner pieces roll up into “ quills,” while the thicker portions are kept flat by 
weights. The bark of the roots is sometimes added. When dry, the barks are sorted according to 
size, sometimes pressed, and packed in parcels of 100 lb. and upwards, in serous of raw bullock- 
hide, or in wooden chests. In this state, the drug is carried to the coast for shipment to Europe. 

The destructive and wasteful manner of collecting the bark, pursued by the inhabitants of the 
natural home of the tree, has led to its extermination in many places, and it is now confined within 
very narrow limits. The value of the drug in tropical medicine has compelled lu to attempt its 
cultivation in most of our Colonies, and more especially in India, in order that we might not be 
dependent upon countries which produced it in insufficient quantity, yet monopolized the supply. 
The introduction of the trees into India was successfully accomplished, in spite of extraordinary 
difficulties, by the rare intelligence and energy of C. E. Markham, C.B,, F.B.S., and those who 
assisted him. The cultivation of cinchona is now a recognized branch of the planting industry of 
India, Ceylon, W. Indies, &c., and is largely carried on by the Dutch in Java. The following account 
of the culture and barking of the trees, and the preparation of the alkaloids, has reference specially 
to India ; it will be supplemented by a brief notice of the condition of the enterprise in other 
countries. 

Cultivation.— Neglecting, for the moment, to specify the localities where cinchona cultivation 
promises to be a success, it wUl, perhaps, be better first to indicate the necessary natural conditions, 
and the methods which have been adopted after years of experience. 

CTimate.— None of the medicinal cinchonas survive frost; they prefer a moderate and constantly 
equable warmth, the most congenial temperature for yellow and red barks in company being about 
as follows: — Max., 34° (92°-4° F.) ; min., 4°— 5° (40°-l°F.); mean max., 27° (80*6°-81*6° F); 
mean min., 15°-16° (59 3°-61° F.); mean, 21°-22°(70°-71'26° F.) Excessive moisture is preju- 
dicial, and a sudden burst of sunshine after protracted wet also does harm, while all species can 
withstand drought ; a constant alternation of sliowers and sunshine is most favourable. The annual 
rainfaU may be about 100-150 in., and should be uniformly distributed, and gentle in character. 
Hail does not commit permanent damage ; but storms of wind are very injurious, especially to 
yellow barks. Elevation will of course vary with latitude and other conditions. In the Nilgiris, 
yellow barks succeed best at 4500-6000 ft.; crotra barks, up to 8500 ft.; red and grey barks, best 
within the yellow zone, but nowhere well. In Sikkim, yellow and grey barks thrive at 800-5000 ft. 
best at 1500-3500 ft. ; red, at 1500-3000 ft. ; crown, not at all. ’ 

Soil and Drainage.— The trees prefer a rich soil, and thrive better on newly cleared forest-land 
than on grass-land ; but the crown barks do fairly well in poor ground. While a free and friable 
surface-soil is beneficial, au open subsoil is absolutely necessary. The least stagnation of water 
at the roots is fatal to all species; perfect drainage must, therefore, be secured by°a sloping sitna- 
tion, and other conditions. 

CoUecting ,ycc*.-The seeds mostly ripen during the dry season following the rains and should 
be carefully gathered just as the vessels begin bursting. The latter are then spread in shallow 
boxes, to dry until the seeds fall out, the desiccation being best accomplished bv placing them in a 
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draught during the day, covering them from rain, and firom dew at night. They soon lose vitality, 
and should be sown at once ; they are best transported in porous cloth, ventilation being essential. 
About 20,000-25,000 plants are produced by 1 oz. of clean seed. 

Propagation by Seeds. — The seeds germinate best at 18°-21° (65°-70° F.), tolerating a max. of 26° 
(80° P.), and a min. of 13° (55° F.). During the cold season, they are sown under glass ; but during 
hot weather and rains, in open beds, sheltered by thatched roofs, about 5 ft. above the soil in front, 
and 2 ft. behind. The best soil is rich, mellow vegetable-mould, alone, or mixed with clean, sharp 
sand. This is sifted, and spread in layers 2-3 in. deep and 5 ft. wide, on beds of cleared ground, of 
any convenient length, running E. and W., and with the open side towards the N. To prevent 
water lodging in them, they must slope to one side, a condition best attained by forming terraces 
on a hUl-side, and providing a path and a drain to each. Before sowing, the soil is rendered uni- 
formly firm (but not hard) and smooth, by working it through the hand and gently pressing it down. 
The seeds are then placed loosely in bags, and immersed in cold water, undergoing twelve hours’ 
soaking if fresh, but only six if they have been kept for some time. When taken out, they are 
gently stirred with dry sand, to separate them, and are thickly scattered on the beds, and lightly 
covered with a sprinkling of dry sand, intended only to steady them and get them into contact with 
the soil, and not to cover them ; the beds may then be very gently pressed with a smooth board. 
Water is applied in the morning, and, if necessary, during the day, but not at late evening ; 
deluging must be avoided, while a uniform moistnre is maintained ; the temperature of the water 
should approach that of the air. Additional shade and shelter have sometimes to be provided. 
Under glass, extra careful shading is necessary ; and, after watering, especial care must be taken 
that the leaves become quite dry, before closing the frames. Every precaution will have to be taken 
against damping off; in very wet weather, the plants are sometimes infested by a fungus, whose 
ravages may be cheeked by gently stirring the soil. Germination takes place in 2-6 weeks. 

Pricking out Seedlings. — When the seedlings have 2-3 pairs of leaves, they are put out into 
nursery-beds, resembling the seed-beds, but having a thicker layer of soil. They are best removed 
by inserting a small stick beneath them, and loosening the soil, so that they may be lifted out by 
the leaves, without the least injury to the rootlets. Holes IJ in. apart, in lines 2 in. apart, deep 
enough to receive the outstretched roots of the plants, are made by means of a stick ; into these, 
the seedlings are carefully placed, and the earth is filled in and pressed round, so as to thoroughly 
occupy the hole. Sometimes the seedlings are placed first in shallow boxes, which can be put nnder 
glass if necessary. When 4 in. high, the plants are re-transplanted, at distances of about 4 in. each 
way ; and when they have reached 9-12 in., they are placed in their permanent situations. The 
seedlings may be hardened before the final transplanting, by removing the thatch for about a fort- 
night, commencing only in dull, cloudy weather. From the sowing to the final transplantation, 
some 8-12 months are required, during which the soil must be kept uniformly moist without being 
wet. 

Propagation by Cuttings. — Cuttings planted in the open air and partially shaded will form roots in 
3-5 months, and this is perhaps the easiest, cheapest, and safest plan of propagation, especially for 
inexperienced cultivators. It is, however, very slow ; and when a rapid increase of plants is required, 
a propagating house must be used. In either case, the cuttings are selected from wood of the 
current year’s growth, preference being given to young shoots springing from the lower part of the 
stem ; they are removed in pieces about 3-5 in. long, just below the point where a pair of leaves grow. 
Young unexpanded leaves, if any, are left on the cutting ; but larger ones are pinched off at the base. 
Bed bark cuttings may be put out in beds, such as have been described for seedlings, or in boxes 
2 in. deep, filled with mould and 
sand, and covered with a layer of 
sand to promote drainage ; they take 
root in 2-4 months. 

The principles of the propa- 
gating house are shown in Figs. 

571 and 572 ; a is a flue leading 
from a furnace, and having a 
gradual rise towards the exit end ; 
it passes beneath the cases b, filled 
with pots ; c is a water-tank, placed 
over the flue, in order that its con- 
tents may be warmed ; d are pots, 
placed on shelves attached to the 
cuttings as prepared are placed in 
pounded brick-dust ft, under which is the ordinary potting mould c, resting upon a stratum of 
moss d, and a potsherd e, to facilitate drainage. These pots rest as at ft (Fig. 571), in a bed of 
damp sand, exposed to a bottom heat of about 24° (75° F.). The atmosphere of the house is kept 
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wall, between and below the windows; e is a path. The 
4-in. pots (Fig. 573) ; the cuttings a are set in a layer of 
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moiat by means of a very fine syringe, but the cuttings must never be watered. When the cuttings 
have become rooted in the propagating cases, the pots a*e bodily removed to other caseSj where 
the plants are hardened off; when sufficiently hardy, they are taken up, and placed singly in pots 
about 3^ in. deep and 2 in. in diameter, formed of a mixture of cow-dung and sand, as shown in 
Pig. 574. Before use, these pots are dried in the sun, which renders them as strong as an ordinary 
pot ; when buried, they become suf- 
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They are made by st^t- 
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ficiently soft to be penetrated by the 
roots, but remain sufficiently cohesive 
to bear handling, 
hand at the rate of ‘ 
cost but 1 per cent, of the price of an 
ordinary flower-pot. 

When the plants are to be put out 
in their permanent positions, they are 
removed bodily in the pots, and trans- 
ported on deal trays ; holes are prepared 
for them at distances of in. apart, 
and the plants and pots together are 
placed in the holes, and filled round 
with earth up to the level of the stem, 

as shown in Fig. 575. This done, the plants are at once shaded with rough slabs of wood, 
arranged as shown in Pig. 576 ; and when they have grown above the wood, they are protected 
from chafing, by a grass rope twisted round the top. 

Layering . — A method by which a far greater number, and more rapid succession, of cuttings may 
be got from a plant is that known as “ layering,” illustrated in Fig. 577. The operation consists in 
bending the branches of the 
plants into the soil, and cut- 
ting them half through at 
the bend ; the object of this 
is to cause roots to spring 
from the cut portion of the 
branch, which is placed in 
the soil for that purpose. 

The juice of the plant escapes 
so rapidly from the cut as to 
induce decay, unless at once 
absorbed; this end is attained 
by placing a piece of tho- 
roughly dried brick a in the 
slit formed by detaching the 

tongue 5. The latter is then kept down, if necessary, by means of the peg o. When it would be 
inconvenient to bring the branch down to the soil, the latter may be raised in boxes. The best season 
for layering is during the rains. When well rooted, say in 3-4 months, the layers are separated 
from the parent plant, and removed to glazed frames, where they are placed about 6 in. apart in 
good soil. Here they become established as “ stock plants,” 
and yield a constant succession of cuttings. In taking 
these, whole shoots must not be removed, but a few buds 
must be left to provide new shoots. Cuttings from stock 
plants are treated in the same way as any others. 

Propagation by Buds . — A method of propagation which 
gives a large number of plants from a limited supply of 
wood is occasionally practised ; it consists in removing the 
buds with leaves attached, and placing them in pots plunged 
into damp sand, and treating them generally the same as 
cuttings. Hoots are formed in 3-6 weeks, success depending 
entirely upon supplying sufficient moisture, without over- 
doing it. 

Pfa„^.-men a site has been chosen in accordance with the conditions noted in previous para- 
gmphs, the naW vegetation IS completely removed.' In very exposed situations, ocLional strips 
of forest may be left as a break-wind ; but they must be sufficiently far from the plants not to incom- 
mode thembytheirroots,orby fal ingoverthem. The felling. clearing, burning, lining, pit-digging, 
1 fiUingo^rationsarepr^iselythesameas in coffee culture, and will be found fulirdescribfd on 
192, the mze of the pits bemg 12-15 i„. deep and 18 in. square. Sometimes trenching or Lp 
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hoeing have been performed previous to planting ; but besides being expensive, they are objection- 
able on steep ground, as favouring wash. Occasionally the size of the holes is increased to 2 ft. each 
way. The beds of hardened plants ready for putting out are deluged with water over-night, so 
that the soil may be cohesive. On a day when the earth is moist, and the weather cloudy and 
damp (but not in heavy rain), the plants are taken up with abundance of soil around their roots, 
and are placed in the filled holes as quickly as possible ; a space quite deep enough to receive the 
largest root without doubling is made by one band, while the plant is inserted in the ground by the 
other; the soil is then filled in around, and thoroughly 
pressed down as the operation proceeds. The position of 
the plants in relation to the surface of the ground is indi- 
cated in Fig. 578 ; it is essential that they should stand on 
elevations, drained from above by a ditch, so as to prevent 
the possibility of earth being washed down and covering the 
bark — a circumstance that is sure to be aftended by fer- 
mentation, followed by a fungus that destroys the bark and 
kills the tree. In the early days, the plants were put out 
much too wide apart; it is evident that no species will 
ever attain great size in India, and close planting has the 
advantage of affording shade to the roots, and reducing the 
growth of weeds, which are otherwise a source of much ex- 
pense. Should the trees crowd one another, they can be thinned out, and thus yield an early crop 
of bark. 

Shading and Staking. — In some localities, protection from the sun may bo necessary. For this pur- 
pose, natural forest trees are quite inadmissible; the requisite shade is readily aflorded by erecting, 
on the sunny aide of each plant, a rough bamboo framework, thatched with grass or ferns, or by 
sticking leafy branches in the ground, &c. Where much staking would be required, cinchona culti- 
vation had better not be attempted, because great expense would be entailed, and small success 
achieved. Some support, however, is occasionally demanded, when the method illustrated in 
Fig. 579 may be resorted to. The great danger to be avoided is the 
chafing caused by the swaying of the plant ; a soft material, such ns 
grass rope, is therefore employed, and care is taken that it shall 
embrace the branches, without ever coming into contact with the bark 
of the stem. Staking is commenced when the plants are 1-1^ ft. 
high. 

Weeding and Pruning. — The eradication of weeds, especially several 
species of grass, resembling the “ couch-grass ” of England, must be 
periodically performed, either by cutting them off, pulling them up by 
hand, or light hoeing. A superficial hoeing just around each tree is, 
indeed, beneficial, whether weeds are present or not ; but deep hoeing 
would destroy the roots of the cinchona plants. Pruning must be 
restricted to the removal of such branches as would naturally fall in 
course of time, or such as project to the injury of neighbouring trees. 

Manuring. — The application of manures is unattended by any 
apparent increased growth of the trees ; but, except in the case of red 
barks, is accompanied by a marked increment in the proportion of 
alkaloids contained in the bark. Dung applied to crown bark, 3-4 
times in 5 years, increased the alkaloids 2 ‘81 per cent., thus raising 
the value of the bark by about 2s. fid. a lb. ; I lb. of guano per tree, gave 2 • 5 per cent, increase 
(Is. fid. a lb.) ; I lb. sulphate ammonia gave 1'22 per cent, increase. 

Diseases. — Two distinct forms of disease are said to attack the plants : the one, constitutional, 
affecting the whole plant, and generally fatal ; the other, local, and not dangerous. The former is 
almost identical with the “ cauker ” of English gardeners, and is induced solely by inefficient 
drainage ; it is first manifested by the discoloration and falling of the leaves, followed by 
shrivelling of the tissues from the roots upwards, and quickly terminating in the death of the 
plant ; it is neither infectious nor contagious, but purely local, and due only to excess of moisture 
in the soil. The second form of sickness appears in patches on the stem and branches, quite local 
in character ; very rarely it involves the whole stem, when death may result, but frequently the 
diseased spots are thrown off, and replaced by,new healthy bark, and when much affected trees are 
cut down, the stumps throw up vigorous shoots ; its cause is not yet well explained. 

Eamesting the Bark. — In S. America, barks of all sorts and ages are collected indiscriminately, 
and in such a way as to kill the trees ; such a system was evidently inadmissible in the case of 
cultivators, and the several improved plans proposed will now be described. The first of these is 
known as “ mossing,” and is illustrated in Fig. 580. Two parallel cuts c are drawn down, the 
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stem, the strip of bark a iaclnded between them is then raised from the Incisions, and pnlled off 
carefully from the bottom upwards, great care being taken not to injure the cambium, or sappy 
matter, left in the hollow; immediately the bark is removed, a thick coating of moss i is bound 
around the wounded stem. By this process, the cambium granulates, and forms a new bark. It is 
essential to observe that the moss is free from lichens. The 
1-lJ in. wide ; such a number are taken as the tree will afford, 
leaving intermediate strips of somewhat greater width. At the 
end of 6-12 months, the bands left in the first instance are 
taken in the same way ; in 12-22 months, the parts first stripped 
will be covered with new bark ready for re-stripping. The 
advantages claimed for this plan are that a crop of bark equal 
to half the total trunk-bark of the tree can he taken annually, 
without damage to the tree; and that this bark is richer in 
total alkaloids, and especially in crystallizable quinine, than 
natural bark. It appears, however, that this increase of total 
alkaloids is not observable in the renewed bark of trees at the 
maximum yield (over 8 years) ; but the proportion of quinine is 
augmented, and the value of the bark as a source of pure quinine 
is thereby raised. The enrichment of the renewed bark is said 
to be at the expense of the bark outside the mossed region ; and 
it is said that the renewal is prevented, or much retarded, by the 
least injury to the cambium. Further, the cropping cannot be 
depended upon oftener than once in 2-3 years ; and this rapid 
cropping tends to shorten the lives of the trees. Finally, the 
operation can only be performed when the air is quite moist, 
and therefore at a time when the bark can least easily be dried. 

In some instances, too, the plan has been frustrated by the 
renewing bark being devoured by ants, who found an asylum in 
the moss. On the other hand, a number of trees which were left 
bare (unmossed) after the barking, renewed their bark fairly 
well. When sufSoient supplies of moss cannot be procured, as 
for instance in Coorg, a substitute is found in detached leaf- 
stalks of the plantain, and the leaves of wild cardamom, or of 
ginger. These should be applied in a dry state, and not with a 
smearing of clay, as has sometimes been done. 

An alternative to the mossing system is that described as “ coppicing.” The trees are cut down 
near the ground, and of the shoots which spring up from the stump, or ” stool,” as it is termed, one 
or more are left to grow. The alkaloidal richness of the bark is supposed to attain its maximum 
at the eighth year, which period might be chosen for the coppicing, and a regular succession of 
shoots be cut as required. As yet, this plan has not received the same study or encouragement 
as the preceding, and against it are alleged the following objections : — That the stool frequently 
fails to send up shoots ,* that the rate of growth is slower than in young trees ; and above all that 
for every 6 lb. of trunk-bark per tree by the mossing system, only li lb. of mixed trunk and branch 
bark were obtained by coppicing, but these 6 lb. included 3 lb. of original bark. It is probable, as 
King suggests, that a compromise between the two systems wUl ultimately be adopted, mossing for 
a time and coppicing when the vitality of the trees begins to be impaired. As a matter of fact, 
much remains still to be learnt as to the natural longevity of the trees, the effects of shade at all 
ages, the respective value of the bark from different portions of the tree, and other points of great 
importance, which can be elucidated only by intelligent experiments conducted on a large scale. 

Semoving and Drying the Barh.— At some seasons, the separation of the bark from the wood is 
very easily effected, and these should be chosen for the operation. Felled trunks and branches are 
scored with a number of longitudinal and transverse incisions, which liberates the bark; smaller 
branches and twigs are subjected to whittling, and as much of wood as possible is excluded. As 
soon as removed, the bark is spread to dry on split bamboo shelves in rough temporary sheds ; the 
process can be completed only with artificial heat, for which purpose the partially dry bark is’ con- 
veyed to the drying-house, a stone building, erected near the alkaloid manufactory, provided with 
shelves, and heated to a temperature exceeding that of the outer air by about 10°-15° F. The 
heat must never rise so high as to affect the chenv'cal composition of the bark. After j»oper 
drying, the bark can be stored without suffering deterioration. 

The Alkaeoids and theie PBEPAKATion.-Of the alkaloids present in cinchona barks, the 
four possessing remedial value are— stated in order of merit— quinidine, quinine, cinchonidine, and 
cinchonine. Their relative and total proportions are each subject to great variation, in fact no two 
samples of the bark are alike. Until recently, quinine was the only member of the group admitted into 


strips of bark removed are about 


580 . 




CINCHONA. 


805 


use ; but experiment has shown that einchonidine and cinchonine are very little inferior to the former 
as a febrifuge, and it is probable that they will not be thrown away in fiitnre. Quinidine is in too 
small proportion to deserve special notice. Though it is impracticable to state the percentage of 
alkaloids, individually or collectively, in each species of bark, the latter are nevertheless distiuguished 
by well-marked characteristics, a knowledge of which la essential for their most economical and 
suitable employment. Pale or crown bark is rich in crystallizable quinine and is highly valued by 
the manufacturers of quinine sulphate in this country. Yellow bark is even more highly esteemed 
for this purpose. Eed bark, on the other hand, while as rich as either of the others in total 
alkaloids, contains only little quinine, and that difficult of extraction. Moreover, this species is 
hardier, grows better, and yields about ^ more bark than officinalis, so that as a source of total 
alkaloids it is more deserving of attention than the other two, though inferior to them if they could 
be got to grow as luxuriantly. The red bark, too, is the most valuable for the preparation of tonic 
decoctions, tinctures, &o., largely used in Europe ; and in consequence of this fact, its price in 
Western markets is but little, if at all, inferior to that of the kinds richer in quinine. Planters wlio 
intend cultivating cinchona need to study these points, in connection with the market which is open 
to them. The barks best adapted for quinine-making fetch the best prices in European markets, 
and will probably continue to do so. Eed bark, though nearly as dear at the moment, will doubtless 
recede in price when production increases, as the demand for that kind is limited in Europe ; it is, 
however, the only kind likely to be used in the East for the local manufacture of a febrifuge, as 
efficient as, while much cheaper than, sulphate of quinine. Two conditions bearing upon this part 
of the subject are : — (1) That high temperature increases the einchonidine at the expense of the 
quinine, so tliat barks grown at a low elevation (or even at a high elevation, if exposed to sunlight), 
will be richer in the former and poorer in the latter, while a low mean temperature, within certain 
limits favours the production of quinine ; (2) That deprivation of light, without impeding the access 
of air and sun-heat, materially increases the proportion of total alkaloids. 

The preparation of quinine and cinchonine has been already described under Alkalies — Organic 
(see p, 231). The manufacture of a cheap febrifuge has engaged the serious attention of the Indian 
government, resulting in two such products, — Broughton’s “amorphous quinine,” and “the febri- 
fuge,” called “ quinetum ” by Dr. de Vrij. The former is prepared in the following way : — 

Strips of the bark are placed in a copper pan with sulphuric acid 
(1^ per cent, for trunk-bark, 1 per cent, or less for pmnings, &c.), and a 
quantity of water from the fourth extraction (o. post ) ; the whole is boiled 
for 1 hour, then subjected to a strong screw press, the liquid being caught 
in a wooden vat. The bark is reboiled with liquor from a third extraction, 
with an additional per cent, of acid, for 1 hour, and is again squeezed. 

A third boiling is given in liquor from a fourth extraction, and, after 
squeezing, the bark is finaEy boiled with fresh water, sun-dried, and used 
as fuel. The resulting concentrated decoction is evaporated to i, and 
cooled; it is then decomposed by addition of milk of lime in slight 
excess, which precipitates the alkaloids, with formation of insoluble lime 
salts ; after standing for a day, the precipitate is filtered off, squeezed, 
dried, and powdered. The powder is then placed in the apparatus shown 
in Fig. 581 ; A B 0 D is a sheet-iron cone, traversed by an upright tube E, 
terminating above in 4 open arms, and supported below on a flat iron disc 
CD. A copper vessel F G fits closely to the lower end of the cone. The 
latter is suspended, and connected, through the tube H, with a simple 
worm tub. The cone is packed with the precipitate up to E, the lid is put 
on, and alcohol is added slowly from above, till FG is about i full of the 
saturated spirit, which is then carefully neutralized by dilute sulphuric 
acid. The cone is then connected with the condenser through H, and a 
fire is lighted below. The spirit boiling in F G rises in vapour through E, 
passes out at the openings, and condenses so as to form a Equid stratum above 
the precipitate. This is observed by the gauge B I ; nncondensed vapour 
passes through H, and is caught. A small quantity of spirit, by constant circulation, extracts all 
the alkaloids without waste. The alkaloid in F G is neutralized with dilute acid every two days. 
When the precipitate no longer contains any alkaloid, F G is removed, and the alcohol is distilled 
off; the alkaloid is washed with water, while the alcohol is recovered with a maximum loss of 6 per 
cent. The alkaloid is treated suddenly with about 10 times its bulk of cold water, which separates 
the black resin present; the addition of a little dilute acidulated solution of sodic sulphide will 
remove any copper accidentally present. The alkaloid solution being still coloured, a small quantity 
is precipitated by dilute caustic soda, the colouring matters falling at the same time. The whole is 
then filtered through cloth ; and the alkaloid is precipitated by caustic soda, filtered, pressed, dried, 
and powdered. Potash may replace soda, if more easily or cheaply procurable. Tlds process was 
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employed to prodnce 600 lb. of alkaloid in the Nilgiria ; but the product was found to cost more 
than ordinary commercial quinine, assuming the value of dry trunk-bark at 2s. a lb., and branch- 
bark at 6d. The yield of alkaloid is, however, naturally much greater. 

The second method, adopted by Wood, in Sikkim, is much simpler : — The dry bark is crushed 
into small pieces — not powdered— and is put into casks, where it is macerated in the cold with very 
dilute hydrochloric acid ; the liquor is then run off into wooden vessels, and mixed with an excess 
of strong solution caustic soda ; the precipitate formed is collected on calico filters, and well washed 
with water. The precipitate is then gently dried, and powdered, constituting the crude febrifuge, 
which requires purifying. This is performed by dissolving the product in dilute sulphuric acid, 
and adding a small quantity of a solution of sulphur in caustic soda. After 24 hours, the liquor is 
carefully filtered ; the filtrate is mixed with caustic soda, and the resulting precipitate is collected 
on calico, washed with a little water, dried, and powdered ; it is then ready for usa 

The operation is conducted in casks, worked in sets of three. Each cask receives 1 maund 
(82 lb.) of dry bark, which will undergo four successive macerations of half a week’s duration, 
the liquor being passed through the three casks in rotation. The liquor used for the 4th (last) 
maceration is acidulated water ; when drawn off, it forms the liquor for the 3rd cask ; thence it is 
conducted to the 2nd cask ; and finally to the 1st cask, containing new bark, whence it is run off 
for precipitation. When starting anew, each cask will contain dry bark, so that the system of 
rotation is not brought into full operation till after the first fortnight. The liquor for precipitation 
is run into tubs; the others are drawn into buckets, for transference to the respective casks. 
Acidulated water is made in a vat, by adding 1 gal. hydrochloric acid to 100 gal. water. The 
weight of acid used in the exhaustion is 6J per cent, of the weight of dry bark. The caustic soda 
solution consists of 1 part of the alkali dissolved in 3 parts of water ; it is stored in iron vessels. 
The quantity required for precipitation of the bark liquor is judged of by the curdy appearance 
assmned by the precipitate ; every 100 lb. of dry bark consume about 6| lb. of the alkali. 

Filtration of the precipitate is commenced on the following day, when the liquor is transferred 
to the calico strainers, previously wetted. The first portions that run through are returned, until 
the passing liquor has a bright ruby colour ; it is then allowed to flow away by a drain. When all 
the liquor has drained off, water is passed through the precipitate, until it ceases to acquire a red 
tint. The alkaloids on the Alter should then exhibit a uniform cream-colour. The precipitate is 
dried, reduced to fine powder, and stored in suitable bins. 

During the drying of the precipitate, a slight reddish-brown colour is developed ; this is removed 
by the following process of purification 14 gal. of water are mixed with 2 pints of sulphuric acid, 
and 20 lb. of the dry powder ; about i pint of solution of sulphur in caustic soda is stirred in, and 
the whole is left for 24 hours. It is then filtered through calico into a clean vessel, care being 
taken to get the liquor perfectly bright ; about 6 gal. of water are used to wash the sediment left 
on the filters ; the clear filtrate is thorouglJy mixed with soda solution, to precipitate the alkaloids ■ 
the precipitate is collected on calico, washed with a small quantity of water, drained, dried, and' 
reduced to fine powder. Wooden vessels are not so suitable for this operation as are those of 
enamelled ii on, or earthenware. 

The bark used is exclusively dry succinihrn, and care is taken to mix the root-, stem-, and 
branch-barks together, as nearly as possible in the proportions in which they are yielded by the 
plantations. Green bark would not be available at all seasons ; and it has been found that the 
trifling cost of drying the bark is more than repaid by the better product. 

The purified febrifuge is a fine white powder, which, however, acquires a slight buff tint by 
keeping. It never agglutinates, and is freely soluble in weak acids, such as lemon-juice &c. The 
cost price of this febrifuge is estimated at Is. Ocl. an oz. ; it is as efficient as quinine at 9s. an oz. 

Distribution of the Cultication. — The cultivation of cinchona, both in government gardens and by 
planters, though principally by the former, h.is been instituted iu many parts of India. The chief 
plantations are those in Sikkim and the Nilgiri Hills. The coffee planters in the Wynaad have put 
out many red barks, but the results are not encouraging. A small estate above the Kolur Ghat in 
S. Canara, has been abandoned. In 1871, a plantation was commenced on the Mahendra mountain 
in Ganjam. Similar attempts on the Nulla Mully Hills were rendered abortive by the hot weather! 
In Coorg, results are said not to justify maintenance of the plantation, Tlie Tr'avancore Govern- 
ment opened an estate at Peermede, near Maryville, which has given good promise of success. In 
the Pulney Hills, planting has been tried in several places ; the trees thrive well, but their bark is 
not rich in alkaloids. Under very adverse conditions, trees put out in the Tinnivelly Hills have 
done remarkably well. The result of an experiment* with red barks on the Shevaroy Hills is very 
favourable. In the Kangra Valley, despite every attention, the trees succumbed to frost. The 
same result was obtained after protracted experiments in many parts of the Diin and Kohistan of 
the N.-W. Provinces and Punjab. The Mahatleshwar Hills, in Bombay Presidency, presented 
favourable conditions of soil and situation ; but extreme climatic changes proved insurmountable 
obstacles. The Sittang Division of British Burma has been found well adapted to cinchona cultiva- 
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tioD, though the trees do not attain great size. Saccess has also attended the experiments in the 
Khasia Hills (Nunklow), in Assam. One new variety of C. officinalis, with pubescent leaves, culti- 
vated in India, yields a remarkably rich bark, containing 6 per cent, of quinine, and 5 per cent, of 
cinchonidine. 

In Ceylon, cinchona is exciting an attention second only to cofiFee, and is being largely grown in 
combination with that staple. Bed bark flourishes at 2000-4500 ft. ; yellow, and crown, at 4000 ft. 
and upwards. The last-named is recommended as a break-wind for coffee — a piece of advice that 
does little credit to its author. The island exported 95,000 lb. of bark between Oct. 1, 1878, and 
April 8, 1879. 

Cinchona cultivation promises to confer great benefits upon the W. Indies. The plants of C. offici- 
nalis, C. succirubra, and C. Calisaya thrive eminently well in Jamaica, reaching, in 8 years, a height 
of about 30 ft. The enterprise is now an established agricultural industry. The plants are best 
placed at about 12 ft. apart, or 300 to the acre. The Government plantations yielded, in 1877, some 
3000 lb. of merchantable bark. The mountains of St. Andrew, and a great portion of the Blue 
Mountain range, offer suitable sites. It is probable that C. officinalis will be superseded by the other 
species. In Dominica, the flanks of the Couliabon range are said to afford a district where the con- 
ditions of climate, elevation, and soil appear to be peculiarly favourable. 

Efforts have for some time past been made by the United States Government, to introduce cinchona 
into some of the S. States, notably Florida and California. Hitherto, the exigencies of climate have 
proved an invincible drawback ; but it is said that the district of San Diego, in California, offers fair 
promise of success. 

In Java, the cultivation of several species is very largely carried on, principally by the Dutch 
Government. The plantations are chiefly in the Preanger Residency, at elevations of 4000-6000 ft., 
where the mean temperature is about 16°-18° (60°-65° F.); but the experiment is also being 
made in the Passoeroean Residency, and in Sumatra. Some 2000 acres are occupied by the 
Government gardens, which contain over two million trees, principally Calisaya Ledgeriana, and 
Saskarliana. The harvesting of the bark is performed chiefly by the mossing system ; coppicing and 
uprooting are not unknown. Lately, the plants have suffered much from attacks of Heliopeltis 
theivora, a hemipterous insect which devours the tea-plant. Its ravages are most serious on 
low-lying ground ; above 3000 ft., it is rare ; above 6000 ft., it is harmless. 

The cultivation has also been extended to Bourbon, Mauritius, St. Helens, Guadeloupe, Brazil, 
the Azores, Algeria, &-c. St. Helena contained 4000 plants in 1870, all in a very promising condi- 
tion. In British Honduras and Jamaica, the trees flourish remarkably well. 

Commerce. — The imports of the bark into the United Kingdom, in 1878, were as follows: — 
From New Granada (Colombia), 21,719 owt., value 362,433/. ; Peru, 12,022 cwt., value 184,949/. ; 
Ecuador, 8926 cwt., value 151,075/. ; British E. Indies, 4597 cwt., value 75,299/. ; France, 
1818 cwt., value 22,096/.; United States, 1095 cwt., value 15,515/.; Chili, 1057 cwt., value 
12,848/.; Germany, 1023 cwt., value 15,931/.; Danish W. Indies, 800 cwt., value 13,440/.; 
Central America, 336 cwt , value 6461/. ; other countries, 493 cwt., value 7329/. Our exports in 
the same year were : — To France, 18,935 cwt., value 281,615/. ; Holland, 15,431 cwt., value 267,305/.; 
United States, 3555 cwt., value 39,044/. ; Germany, 2760 cwt., value 34,883/. ; Italy, 1524 cwt., 
value 18,007/. ; other countries, 576 cwt., value 6923/. 

The produce of Ecuador, together with a considerable quantity of Pitayo bark, imported from 
the Bay of Chaco, is shipped principally from Guayaquil. In 1878, the export amounted to 19,800 
quintals (of nearly 2 cwt. each), and was valued at 59,400/. The distribution was as follows ; —To 
the United States, 9243 quintals; England, 9145 ; other European countries, 1412. In 1877, the 
total export was but 9882 quintals. The barks of Central Peru, from Huanuco to Cusco, find an 
outlet though Callao; those from N. Peru, through Payta. The valuable produce of Carabaya and 
the high valleys of Bolivia, is shipped principally at Arica. Occasionally also Bolivian and Peruvian 
barks find their way across the continent, and are despatched to Europe from a Brazilian port. The 
Colombian (New Granada) barks are exported from Santa Marta and Savanilla ; the latter port 
despatched nearly 2000 tons in 1877, and the whole State exported nearly 3500 tons in the same 
time. Much of the Santander bark goes down to Maracaibo, and takes the name of that place. 
Some Venezuelan bark leaves Puerto Cabello. The S. American barks are almost invariably found 
to consist of inferior kinds, mixed in variable proportions with those of better quality. Hence 
chemical analysis is requisite in order to determine their value. The barks richest in quinine are 
generally bought up by manufacturers of quinine sulphate, the inferior samples finding their way 
into the ordinary drug sales. The Indian, ^leylon, and Java barks are of more uniform quality ; 
the chief annual sales of the two former barks take place in London, and of the Java barks at 
Amsterdam, in the month of May. At present, the red bark comes over in the largest quantity^ 
and is much superior to that from S. America. 

The selling price of cinchona barks in the London market exhibits singular differences, which 
cannot be referred to the proportion of alkaloids present, and seems to depend upon the outward 
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appearance of the sample, the reputation of the estate producing it, or inequality in the cost of 
extracting the alkaloids. In illustration of the fact that alkaloid percentage does not govern the 
price, may be quoted the results of a sale of Madras government barks. In the following tables, 
the price per unit of quinine is estimated from the price per lb., and the analysis of the bark; the 
first three alkaloids are estimated as crystallized sulphates, the cinchonine as alkaloid ; probably 
the quinine would be the only alkaloid which would influence the price : — 


I. Crown Barks. 


Price. 

Analysis. 

Per lb. 

Per unit of 
Quinine. 

OniDine. 

Qninldine. 

Cincbonidlne. 

Ciochonine. 

lOs. 3d. 

23"56d. 

5-22 


114 

mM 

10s. 

22- 73d. 

5-28 


1-13 


9s. 9d. 

24 -99^ 

4-70 


0-78 


9s. 7d. 

21- 63d. 

5-27 


0-77 

015 

9s. 3d. 

20- 03d. 

5-54 

0-09 

1-14 

0-42 


II. Bed Barks. 


Price, 

Analysis. 

Per Ib. 

f’er nnit of 
Qiiioine. 

Qainine. 

Qouiidine. 

Cinchonidine. 

Cinchonine. 


( 19- Id. 

3-87 

014 

2-82 

2-30 

6s. 2d. 

{ 21 •3d. 

3-46 

0-10 

2-47 

2-90 


I 20 ■4d. 

3-62 

0-07 

2-34 

2-60 

65, 

19-05d. 

3-78 

0-12 

2-07 

3-12 


19 

3-70 

0-00 

2-34 

3*10 


The relative prices of the cinchona barks brought into the London market are approximately as 
follows Cascarilla, 17-23s. a cwt. ; Peru, crown and grey, ls.-2s. id. a lb. ; Calisaya, flat, 2s. 6d.- 
3s. 6d., quill, 2s. -6s. 6d. ; Carthagena, Is. ld.-3s. 5d. ; Colombian, ls.-5s. 9d. ; Pitayo, Is. 8cif,-2s. 3d. ; 
Bed, ^.-6s. 6d . ; East Indian, Sd.-3s., good and fine, 3s. ld.-7s. 6d. 

Cocculus Indicus (Fr., Cojuc du Levant; Ger., Kokkelsk6mer). — The fruit ofAnamirta panicvlata 
(J. Cocoulus, Menispermum Cocculus) is employed in England as an ingredient of insect ointments, and 
has a place in the Pharmacopoeia of India. The plant is a strong climbing shrub, growing from Orissa 
and Concan to Malabar and Ceylon, in E. Bengal, Assam, Khasia, and the Malay Archipelago. The 
fruits are stripped from the stems, and dried, when they resemble little round berries ; they should 
be fresh, of dark colour, free from stalks, and with the seeds in perfect condition. The last-named 
are bitter, and consist, to the amount of half their weight, of oil (see Oils). The drug is im- 
ported from Bombay and Madras, principally for consumption on the Continent. Its wholesale 
value is about 7s.-9s, a cwt. This drug is sometimes confounded with laurel berries, from which 
its kidney-shaped and semicircular kernel distinguishes it. 


Colchicum, or lffeadovy-Safl&on(FR., CofcAi^; Ger., ^eitfosen).— The “conn,” or bulbous 
stem-base, and the seed, of Colchicum autumnale is largely prescribed in dropsy, gout, rheumatism, 
and cutaneous diseases. The plant is locally abundant in many parts of England and Ireland, and 
grows throughout Central and S. Europe up to an altitude of about 5500 ft., and in a great portion 
of N. Africa. In Britain, the conns are dug up in July, after the decay of the foliage, and before, or 
dnring, inflorescence, though, according to Schroff, their medicinal activity is greater when they 
are gathered in the autumn, after the appearance of the flower. Sometimes they are used in a fresh 
state, but more generaUy dry. The drying is usually effected by quickly subjecting the corm, in 
thin slices, to gentle heat in a stove, the membranes being afterwards sifted or winnowed away. By 
drying the corms entire in the sun, they preserve their strength for years. The best slices are white, 
clean, brittle, and cnsp, withont mould or stain, inodorous, and bitter flavoured. The seeds are 
gathered when ripe, and dried. In appearance, they.resemble those of black mustard • but are 
larger, harder, and not pungent The corms of several other, as yet undetermined, species of 
Colchicum, have a reputation in the East. Colchicum corms are worth about 8d a lb • the seeds 9d 
Colocynth, Coloquintida, or Bitter-apple (Fr., Coloquinte ; Ger., Coic^»mMe).-The 
fruit pulp of Citrullm Colocynth^ {Cucmnis Colocynthis), in the form of an extract combined with aloes 
and Bcammony, U widely used as a purgative. The plant is found on the sea-sands of Portugal and 
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S.-E. Spain ; in Morocco, Senegambia, and the Gape Verdes ; very abundantly after rain on the 
sands of Nubia and Upper Egypt; in some of the Greek isles; in Cyprus, where it formed one of 
the chief products in the 14th cent. ; in Syria, Arabia, Persia, and Ceylon ; on the Coromandel coast, 
ill Sind, and the Punjab ; and in Japan. The fruit resembles an orange in size and shape, marbled- 
green when fresh, turning yellowish-brown when dried, and is filled with pulp containing 200-300 
seeds. It occasionally occurs in commerce simply dried, and of a brown colour — Mogador colocynth; 
but more generally, it has first been peeled, and then appears as light balls of white pith — Spanish 
colocynth, often broken, and presenting a light-brown colour when the drying has been slow. The 
pulp is scarcely odorous, but possesses an intensely bitter flavour ; it is usually retailed broken up, 
and deprived of the seeds, and is then known as “ pulp,” or “ pith.” The drug is imported from Spain, 
Mogador, and Syria, and varies in price from 8<f. to Is. 9d. a lb. Two other species are sometimes 
confounded with the true drug — Cucumis trignnus (J'seudo-eolocynthis), of the plains of N. India ; and 
C. HardwicMi, the “ Hill Colocynth ” of the natives of India. These are not met with in English 
commerce. 

Copaiba. — The oleo-resin known as Copaiba or Capivi balsam, derived from several species of 
Copaifera, is largely employed in mediciue, by reason of its stimulating action on the mucous mem- 
branes of the urino-genital organs. (See Resinous Substances.) 

Coptis, or Mishmi-bitter. — The root of Coptis Teett is used in India as a pure bitter tonic. 
The plant is a native of the Mishmi Hills, whence the drug is sent, in the form of slender rhizomes 
1-2 in. long, by way of the Bramahputra into Bengal. It occurs in the bazars in little rattan bags, 
holding about J oz., and rarely appears on the London market. The drug is replaced in America by 
C. trifolia, a plant indigenous to the U.S., Arctic America, and both Russias. The Indian root is 
sometimes confounded with the yellow root of Thalktrum foliolosum, an abundant native of Mussiin, 
the temperate (5000-8000 ft.) Himalayas, and the Ehasia bills. To Bombay, coptis root comes 
from China, by way of Singapore. Two varieties occur in the Bombay market, called in China 
Hwang-lien and Ch%ten~Uen ; the former is bristly, and stouter than the latter, which is the only kind 
met with in the little rattan wicker bags. Coptis root is said to contain more berberine than any 
other known root, but it is doubtful whether its alkaloid is berberine at all. 

Costus root. — The root of Aplotaxis auriculata occasionally appears in the drug market. It 
has been used as medicine in the East, and also as incense, from the earliest times till the present 
day. The root is of a dirty-white colour, in pieces 2-4 in. long and about 1 in. thick. It has a 
strong odour, partly like orris root, and slightly urinous. (See Elecampane.) 

Goto. — The bark of an unknown tree growing on the banks of the river Mapiri, in Bolivia, has 
been largely imported into Germany, and more sparingly into this country, of late years, as a 
remedy for diarrhoea. It has a pungent, aromatic flavour, is of a reddish-brown colour, and some- 
times becomes covered with an efflorescence of whitish crystals. Its active properties appear to be 
due to a white crystalline substance, called cotoin. Another variety, called Paracoto bark, is in 
thicker pieces, whose inner surface is rough, with longitudinal ridges. Its action is weaker, but 
similar in character. It contains paracotoin, and other crystalline bodies. True coto bark is much 
rarer in commerce than is paracoto. 

Croton. — The oil obtained from the seeds of Croton Tiglmm{Tiglimn officinale) is administered as 
a powerful cathartic, and applied as a rubefacient. (See OUs.) 

Cubebs (Fb., Cubebes; Geh., Cubeben). — The fruit of Fiper Cubeha (Cubeba officinalis) is very 
widely used in the treatment of gonorrhoea. The plant, a member of the pepper family, and a 
woody climber, is a native of Borneo, Java, and Sumatra. It is cultivated in many parts of Java, 
both in special gardens, and on the coffee estates; the fruit is sold to the Chinese, and carried 
by them to Batavia. It is also extensively grewn in the Lampong district of Sumatra. The culti- 
vation is very simple ; on the coffee plantations, the seed is sown under the dddaps and other shade- 
trees, and left to climb as it will. The fruit is gathered when full-grown, but before it has ripened, 
and is then dried. It has a strong aromatic and slightly acrid-bitter flavour, and a pleasant aromatic 
odour. By dealers, the drug is judged according to the oiliness and odour of the crushed berries ; 
the presence of pale smooth ripe berries, of dry appearance, lowers the quality. The best prepara- 
tions of the drug are the berries deprived of their soluble (in water) constitueuts, dried and powdered, 
an alcoholic extract, or the separated resinous constituents. The drug is chiefly imported from 
Netherlands India, via Singapore, and is reshipped thence to British India, the United Kingdom, 
and the United States of America. In 1872, the imports at Singapore were 3062 cwt. ; and the 
exports were to the United States, 1244 cwt. ; United Kingdom, 1180 cwt. ; British India, 104 cwt. 
The wholesale price is about 30s.-40s. a cwt The great similarity of the fruits of other species 
of Fiper renders their confusion with the true drug an easy matter; they are principally F. crassipes 
((7. crassipes), of Sumatra ; F. Lovxmg, (C. Lowong) of Java ; F. ribesioides (0. Wallichii) ; F. caninum 
( C. canina), throughout the Malay Archipelago. The confusion extends to Lanrus Cubeha, of S. China. 

Cumin, or Cummin (Fb., Cumin ; Gbb., Mutter- [&c.] kummel). — The fruit of Cuminum Cymi- 
nmn is extensively used in veterinary medicine. The plant has been introduced into Europe, and 
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ripens its fruit as far nortli as S. Norway, but beyond Sicily and Malta it is unproductive ; it is a 
native of the Upper Nile, and flourishes also in Morocco, Turkey, Arabia, India, and China. The 
seeds have a powerful aromatic flavour and odour. Their market value is now 20s.-50s. a cwt. ; in 
the 13th-15th cent., when they were commonly used as a spice, the price was about 2d. a lb. 
Cumin is still an occasional ingredient of curry-powders. The quantity exported from Mogador, 
in 1878, was 50 cwt., value 60Z. ; of this, 13 serous came to Great Britain, and the remaining 12 
went to Portugal. Bagdad, in the same year, exported 177 cwt., valued at 300/., to India and 
Europe. The seeds of Cumin nigrum, which have the same flavour, are largely used in Indian 
curry-powder. 

Curari, Woorari, or Wourali. — This name is applied to a powerful arrow-poison, prepared 
in British Guiana, from Strychnos ioxifera, and other plants. In other distriets of S. America, it is 
obtained from S. Castelnmana, &c. All the S. American species of Strychnos appear to possess 
similar properties to 8. toxifera, which are exactly the opposite to those exhibited by the species of 
Strychnos found in India and the East generally. Curari has been imported into London in small 
gourds about the size of an orange, and has a bitter taste like aloes, which it resembles in appear- 
ance. It is much more rapidly poisonous when injected into the blood than when swallowed. 

Dill (Fb., Aneih ; Geb., Dill). — Prom the seeds of Anethum (.Peucedanum) graveolens is distilled 
the well-known stomachic and carminative “ dill-water.” The plant is a native of the Mediterranean 
and Black Sea basins, is widely distributed as a weed as far north as Trondhjem, and is common in 
gardens, being extensively cultivated in many parts of India. The drug has a pleasant airomatio 
flavour and odour. The fruits of A. Sown are sometimes sold in the London drug market for dill. 
They are narrower, more convex, and of a paler colour. 

Z)ita, or Alstonia. — The bark of Atstonia (.Echites) scholaris has tonic and antiperiodic pro- 
perties, and has been extravagantly praised as a substitute fur quinine. The plant is a handsome 
forest-tree, 50-90 ft. high, common from the Himalayas to Burma and Ceylon, and found in Java, 
Timor, the Philippines, E. Australia, and Tropical Africa. The bark is dirty-white in colour, almost 
devoid of odour, and has a pure bitter flavour, without aroma or acridity. 

Alstonia constriata, the Queensland Fever-bark, is used in Queensland as a substitute for quinine 
in fevers. It occurs in largo quills, with a corky smface, and yellow colour and fibrous texture 
internally, and has an intensely bitter flavour. It has lately come into extensive use in the United 
States. 

Suboisia. — The leaves of Duboisia myoporoiJes have lately been introduced into this country 
as a substitute for belladonna in the treatment of diseases of tlie eye. The shrub is a native of 
Queensland, and occurs from Sydney to near Cape York ; it is found also in New Caledonia and 
New Guinea. The leaves are lanceolate and smooth, tapering at both ends, about 2-3 in. long, 
and nearly 1 in. broad in the middle. The alkaloid to which they owe their activity, called 
duboisine, has recently been shown by Ladenberg to be identical with hyoscyamine. (See Narcotics— 
Pituri.) 


Elecampane (Fr., Anne'e ; Geb., Alanfy—The root of Inula Selenium, is used in veterinary 
medicine ; it is also employed in the manufacture of absinth. (See Alcoholic Liquors — Absinth.) 
The plant is distributed throughout Europe, occurring wild in Ireland and S. England, S. Norway, 
and Finland, and cultivated in Holland, England, Switzerland, and e.specially around Colleda, near 
Leipzig. Eastwards, its range extends to the Caucasus, S. Siberia, and the Himalayas ; westwards, 
to N. America. The root is gathered at the .age of 2-3 years; when older, it is too woody. The 
larger roots are sliced up before drying ; the smaller are dried whole. The dry drug is brittle, and of 
light-grey hue ; it has a weak aromatic odour, resembling orris and camphor ; its flavour is aromatic 
and slightly bitter ; its effects are tonic. In Syria, the root of Aplotuuis aurioukita {A. Lappa, Auck- 
landia Costus), which closely resembles the drug, is often mixed with it, and deserves examination. 

Ergot of Bye, Spurred Bye (Fb., Seigle ergote'; Geb., Mutterkorn).— The spawn of the 
fungus Claviceps purpurea, produced on grasses of many genera, is employed in parturition The 
fungus is to be found wherever cereals grow, but not in constant abimdauce; wet seasons are 
favourable to its production, while itdiminislies before high cultivation, and is not always sufficiently 
plentiful for collection. The formation of the fungus is first intimated by the appearance on the 
ears, of drops of a yellowish, intensely sweet, and unpleasantly odorous mucus termed “honey- 
dew”; these dry up and disappear in a few days, and the grain is occupied by the mycelium of 
the young fungus. The cereal most commonly attacked is rye, which is then known as “er-ot of 
rye" or “spurred rye,” and almost exclusively supplies the commercial drug The diseased 
grains are picked out at harvest-time, thoroughly d«ed, and kept in closed boitles, to prevent 
detenor^on, and the attacks of mites. The drug is very largely produced in Galicil also 
in Central and S. Eusma, and in Spam ; our imports are chiefly from Vigo and Tenerilfe, 
and, m a less degree, from Odessa, Hambmg, and France. The wholesale value is about 
;fc.-3s. 3d. a lb. In some parts of France and Italy, ergots of wheat, which are shorter and thicker 
than those of rye, are picked out from com which is to be made into vermicelli, and are said to keep 
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better, and to cause none of the ill effects attributed to ergot of rye. Oats yield a more slender 
ergot, sometimes sold alone, or mixed with the common drug. Ergot of diss grows on Ampelodesmos 
tenax, in Algeria ; it is much longer and narrower than ergot of rye, and is said to be much more 
powerful. 

Fern [Male] (Fn., Fougere male ; 6eb., Farn). — An ethereal extract of the root of Aspidium 
Filix mas. (Polypudium, Sephrodium) is prescribed against all kinds of intestinal worms, but is most 
eflScacious in cases of tapeworm. The plant is abundantly and widely distributed : it is met with 
all over Europe ; in Bussia, Central Asia, the Himalayas, China, Japan, Java, and the Sandwich 
Islands ; from Algeria to the Cape, and in Mauritius ; in Greenland, Canada, California, Mexico, 
Colombia, Venezuela, BrazO, and Peru. The root is collected from late autumn to early spring ; 
after cutting oiF all dead parts, it is split, gently dried, coarsely powdered, and immediately digested 
with ether ; extract prepared from stale root has very diminished power. The drug is sometimes 
adulterated with other species : those gener.iUy used for this purpose show only two pale dots 
(vascular bundles) in the transverse section of the leaf bases ; male fern exhibits eight. The drug 
is worth about Is. a lb. 

Foxglove (Fe., Digitale ; Gee., Fingerhuf). — The leaves of Digitalis purpurea have a powerful 
effect on the action of the heart, and are administered as a sedative, and as a diuretic. The plant is 
common on silicious soils throughout Europe, but avoids limestone. The leaves are often deprived 
of their thick ribs, before being submitted to gentle heat ; the odour of the dried leaf resembles 
tea, the flavour is very bitter. It is best to obtain the fresh flowering plant, so as to avoid 
confusion with the leaves of other plants. In Digitalis, the veins are continued alongside the 
midrib into the stalk of the leaf, a character not found in the leaves of other plants mixed with it. 
Foxglove leaves are worth about Sd. a lb. 

Galbanum. — The gum-resin obtained from two or more species of Ferula is administered as a 
stimulating expectorant, and sometimes applied in plaisters. (See Eesinous Substances.) 

Gelsemium. — The underground woody stem and root of the Carolina jessamine {Gelsemium 
sempervirens') has lately been introduced as a remedy for neuralgia. In excessive doses, it causes 
complete muscular prostration, and sometimes death. The antidotes used are powerful stimulants. 
In the bark, especially of the young stems, exists a silky fibre. 

Gentian. — The root of Gentiana lutea is largely used as a bitter tonic, but is more important as 
a condiment. (See Spices.) 

Ginseng (Fr., Ginseng, Ginsen ; Geb., Ginseng'). — The root of several species of Panax is 
accredited by the Chinese with marvellous stimulative and restorative powers, the best varieties 
sometimes fetching their weight in gold ; Europeans, however, discredit its potency. The drug is 
taken as an infusion, prepared by steam-heat, in a sort of double tea-pot ; the dose is 60-90 gr., in 
the morning, repeated for 3-8 days, tea being meanwhile avoided for at least a month. The quality 
and price of the drug vary much according to locality of production, and species. The most 
valuable species is P. Ginseng, indigenous to almost every part of Cliina ; the best quality of the 
root was originally collected in Manchuria, till excessive consumption nearly exterminated the 
plant. The Corean growth is now held in highest estimation, while good qualities are also 
furnished by Mongolia and Manchuria. The plant has been introduced into Japan, and grows 
more luxuriantly than in its native soil ; but it becomes an annual, and its root is thought to be 
less potent. Preference is given to the root of the wUd plant, and its quality is supposed to 
increase with age. After collection, it is macerated and dried, and then appears in finger-like 
pieces, 2-4 in. long, hard, brittle, and translucent. It is stored in lead-lined boxes, within an outer 
case, the intervening space containing parcels of quick-lime, to maintain absolute dryness. A very 
inferior variety is the produce of P. quinquefolium, a native of N. America. This plant was found 
wild in the Alleghany and Eocky mountains, and has been spread by cultivation to most of the United 
States, and Canada. It grows readily, especially in high, rocky places. The root is 3-4 in. long, 
and 1 in. thick, carrot-like, and occasionally branching. It is collected, dried, and shipped in large 
quantities to China. The imports of all kinds into the ports of Canton, Hankow, and Kiungchow, 
in 1877, were; — Corean, 42 piculs (of 133^ lb.), value 7600/.; Japanese, i picul, value 80/-; 
American, 966 piculs, value 119,000/. 

Guaiacum. — A blackish resin obtained principally from Guaiacum officinale is considered 
diaphoretic and alterative, and is often prescribed in gout and rheumatism. (See Eesinous 
Substances.) 

Gulancha, or Goolwail. — An infusion, or extract (pd/o), of the stem, leaves, and root of 
Tinospora cordifolia {Cocculus eordifolius) considered very useful as a tonic, antipeiiodic, and 
diuretic. The plant is a tall, climbing shrub, native of India — from Kumaon to Assam and Burma, 
and from Concan to the Carnatic — and of Ceylon. The drug commonly exists as slices of woody 
stem, i-2 in. wide, inodorous, but of bitter flavour. A substitute possessing similar properties, and 
equally valued as a febrifuge, is yielded by T. crispa, indigenous to Silhet, Pegu, Sumatra, Java, 
and the PhUippines. 
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Gtujun.— The oleo-resin, or balsam, yielded by several species of Dipierocarim, is employed in 
the East as a substitute for copaiba. (See Resinous Substances.) 

Hellebore (Fr., Ellehore ; Geh., Nieswurzel).— Three kinds of Hellebore are known in medi- 
cine -.—(1) Black hellebore is the rhizome of Helldtorm niger, and is a drastic purgative employed 
in veterinary practice. The herb is indigenous to S. and B. Europe : it is often cultivated in 
English gardens, as the “Christmas rose”; and grows wUd in Provence, Salzburg, Bavaria, 
Austria, Bohemia, Silesia, N. Italy, and Greece. It occurs in commerce in knotty pieces, 1-3 in. 
long, with a senega-like odour, and bitterish acrid flavour; it is imported from Germany, and 
worth about 56s. a cwt. It is very liable to confusion with the closely similar roots of ff. viridis, 
which, in Germany, is valued at 3-5 times the price of the common drug ; and it is occasionally 
adulterated with Achza spicata. (2) White hellebore possesses emetic and drastic purgative 
properties, but is chiefly used as an insecticide, and as an ingredient of itch ointments. It is the 
root of Veratrum album, a plant inhabiting moist grassy spots on most of the mountains of Central 
and S. Europe, also found in Norway, both Eussias, near the Amur, in N. China, Saghalien, 
and Japan. The drug occurs in conical pieces 2-3 in. long, and |-1 in. thick, usually without 
rootlets with an alliaceous odour when fresh, and a sweetish bitter-acrid flavour; its powder 
produces violent sneezing. It is imported in bales from Germany, and distinguished as “ Swiss ” 
and “ Austrian,” the price being also 56s. a cwt. It is sometimes replaced by the root of Veratrum 
nigrum, a less potent drug. (3) American white hellebore is the root stem of Veratrum viride, used 
as a cardiac, arterial, and nervous sedative. The plant appears to be a variety of V. album, and 
is plentiful in swamps, from Georgia to Canada. The drug consists of the rhizome, cut lengthwise 
in halves or quarters, with pale rootlets attached, and dried. In the United States Pharmacopoeia, 
it is officinal in the form of transversely cut slices, which are usually shrunken and curled by 
drying. 

Henbane (Fa., Jusquiame; Geb., Silsenirauf). — A tincture or extract of the leaves of 
ffyoscyamus niger is used as a sedative, and anodyne. The herb grows wild in England, and is also 
cultivated by physio gardeners. In Europe, its range extends from Portugal and Greece, to Norway 
and Finland ; it occurs also in Egypt, Asia Minor, Persia, Caucasia, N. India, and Siberia ; and has 
been introduced into N. America, and Brazil. 

The following remarks refer to its cultivation at Mitcham, in Surrey : — The seeds are sown 
early in the spring ; the annual plants are thinned, if necessary, and the crop is gathered about 
July- August. The bieunial plants are transplanted in the spring of the second year, and the 
harvesting of the crop lasts from late May to early July. Change of ground is usually given every 
3-4 years, but does not seem to be essential. At Banbury and Hitchin, only the biennial plant is 
cultivated. The “ annual henbane ” of English commerce is not the produce of the annual plant, 
but consists usually of the first year’s leaves of the biennial plant, which are distinguished by the 
presence of leaf-stalks, and the absence of flowers. Biennial henbane consists of the flowering tops 
of the second year's growth, which are generally broken up small ; it has no stalked leaves in it. 
The tincture of the biennial plant gives a milky solution when mixed with water, which is not the 
case with annual henbane. In Germany, the annual plant only appears to be known. The biennial 
is a much larger plant than the annual, and has more deeply cut leaves. It is a very uncertain 
crop, the seeds frequently remaining in the ground for a number of years before germinating, and 
the young leaves are infested by a small turnip fly and other insects. Hence the biennial drug 
varies much in price — from 4s. 6d. to lls. a lb. The stem-leaves and stems of the plant are used for 
the preparation of extract or succos. Henbane is most active just before flowering. The plant 
grows best on well-manured, sandy, or chalky soil, especially near the sea. The foetid narcotic odour 
of the fresh herb is much diminished in the dried drug. In S. Europe, the drug is replaced by 
B. albus, a native of the Mediterranean basin ; and in the East, B. imanus, of Beluchistan, is some- 
times smoked. 

Iceland Moss (Fb., Lichen [Jfousse] cTIslande ; Geb., Islandisches Moos'). — A decoction of 
Cetrarii Islandica is given as a nuld tonic, usually with more active medicines. The Ucheu is 
widely distributed in high latitudes and altitudes, as Siberia, Scandinavia, Spitsbergen, Greenland, 
and Iceland, in the mountains of Scotland, France, Spain, Italy, Switzerland, in the Carpathians, 
in N. America, and in the Antarctic regions, Sweden is, perhaps, the chief country which exports 
it, though it is collected for local use in Iceland, Canton of Lucerne, and Spain. In Iceland, where 
the lichen is not sufiBciently abundant to supply local demands, it is gathered in June and July, 
and is used as a farinaceous food, rather than as physic. It is occasionally exported to Denmark, 
in small quantities, from Reykjavik. The value of the»dxug is about 40s. a cwt. 

Ipecacuanlia (Fb., Ipecacuanha annelee; Geb., BrechKurzel).~T\ie root of Cephaelis Ipeca- 
cuanha has long been known as an emetic, but has recently been recognized as a specific in dysentery, 
and second only to cinchona in degree of importance as a tropical medicine. The plant is a shrub', 
8-16 in. high, a native of S. America, growing gregariously on raised patches in moist and shady 
forests, between latitudes 8° and 22° S. It flourishes best in Para, Pernambuco, 
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Bahia, Espiritu Santo, Minas Geraes, Bio de Janeiro, Sao Paulo, and in that part of Matto Grosso 
which is occupied by the valley of the Bio Paraguay ; commercial supplies come chiefly from the 
district embraced between the towns of Diamantina, Villa Maria, Villa Bella, and Cuyaba (Matto 
Grosso) ; also from the neighbourhood of Philadelphia, on the Bio Todos os Santos, a feeder of the 
Muciiry. Besides the Brazilian localities above indicated, the plant flourishes in the valley of the 
Cauca, Colombia ; and probably also in the province of Chiquitos, Bolivia. 

The successful introduction of ipecacuanha into India has for some years engaged the attention 
of the Government. A great difficulty exists in the very slow growth of the plant, and the long 
period required to obtain anything like a stock, by the ordinary method of propagation by cuttings. 
According to J. McNab, propagation by root divisions offers great advantages. The roots are cut 
into transverse sections, and placed horizontally on the surface of a pot, prepared with white sand, 
and drained ; the pot is put under a hand-glass, in a warm propagating bed, and kept moist. In a 
few weeks, the sections throw out buds, sometimes two or more at a time, in which case, the root 
may be severed so as to yield independent plants. As the buds grow, rootlets are formed on the 
nether side. Young plants can thus be rapidly produced, without injury to the parent. Supplies 
of plants or roots would have to be obtained from their native habitat. Their transport may be 
effected in Wardian cases ; but McNab proposes a cheaper and safer plan, viz. to collect fresh roots 
or rhizomes, and after sealing the cut extremities, to place them longitudinally in a close-fitting 
packing-box of 1 in. wood, with a layer of fresh sphagnum moss between each two strata of roots. 
Where white sphagnum moss cannot be got, a substitute may be found in any moss, moistened, and 
squeezed to remove the excess. Failing any kind of moss, heavy soil from a depth of 6-8 in., 
retaining its natural moisture, may be used. In 1875, more than 100,000 young plants were grow- 
ing in the Bungbee Botanic Gardens, Sikkim, having been raised by the root propagation system 
described above; in 1877-8, some 26 lb. of dried root were obtained from these plants, and 
employed medicinally. The cultivated drug exhibited a decided superiority over the native article 
imported from Brazil. It appears certain, however, that the growth of this valuable plant as an 
outdoor crop will never succeed in Bengal or Sikkim, the low night temperature of the cold season 
proving too severe for it. In Ceylon, there seems to be little disposition to attempt the cultivation. 
The only E. Indian locality which seems to promise any hope of the successful culture of the plant 
on an extensive scale is, perhaps, Singapore ; the climate of the Botanic Garden there seems 
admirably suited to it. 

In the Brazilian forests, the plant, there known aspoaya, is found growing in clumps, under the 
dense shade of old trees. It is collected by grasping all the stems of a clump, and raising the mass 
by the help of a pointed stick, inserted beneath the roots and worked up and down to loosen the 
soil; the object is to get up the whole network of roots unbroken. The adhering earth is then 
shaken off, and the roots are thrust into a bag. Sometimes 30 lb. are thus collected by one man in 
a day ; but the average does not exceed 10-12 lb., and some do not get more than 6-8 lb. The 
gatherers or poayeros assemble in the evening to weigh their gleanings, and spread them out to dry. 
Eapidity is desirable in this operation ; the roots are exposed to the sun, and should become dry in 
2-3 days, being housed at night to avoid the dew. After drying, they are broken up, the adherent 
earthy matters are sifted away from them, and the drug is packed in bales. The collecting is 
suspended only during the rains, when drying would be difficult ; moderately damp weather, how- 
ever, is beneficial, as assisting in the uprooting of the plant. To prevent extirpation of the plant, 
small fragments of the root are left in the ground, and covered over. The commercial drug is never 
thicker than u in. and generally much less ; its colour is dusky greyish-brown ; its fiavour is 
bitterish ; its odour, faint and musty. The roots are hard and brittle ; they always arrive much 
broken, and are ftequently mouldy, and damaged by sea-water. The drug is imported in serons 
made of cowhide. The stem is often mixed with the root in considerable quantity. Such samples 
are inferior, as the activity resides in the bark, which, in the stem, is very thin. Our imports of the 
drug in 1870 (the last detailed return) were nearly 63,000 lb. 

Owing to the monopoly of the collection, and the exhaustion of the most accessible ground, the 
wholesale price of the drug rose from 2«. 9J<i. a lb. in 1850, to 8s. 8d. in 1870 ; it has since fallen 
from about 5s. 6d.-5s. 9d. in 1878, to is. Sd.-is. 6d. in 1879. 

Besides the Brazilian drug, another variety, called " Carthagena,” or “ New Granada,” has, of 
recent years, been imported into London. It is a little less active than the ordinary drug, and 
differs from it principally in attaining a greater size in.). 

A few worthless roots are occasionally put upon the market under the pseudonym of the true 
dru"-. They are chiefiy : — (1) “ Large striated ipecacuanha,” the root of Psychotria emetica, indi- 
genous to Colombia; may be known by its remaining moist and tough, even for years, and by being 
larger than the true drug, and not annulated. (2) “ Small striated, ’ probably from a species of 
Eichardsonia ; closely resembles the first, except in size. (3) “White” or “undulated,” the root 
of Bichardia (Eichardsonia) scabra, exceedingly common in Brazil; it is paler than ipecacuanha, 
fissured on alternate sides, but not furnished with raised rings as in the true drug. (4) “False 
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Brazilian,” the root of Imidium Ipecaoucmha, a plant of the order Violacece. It is called in Brazil 
Poaya Uanaa. The root is dirty-white, branched, much longer and less brittle than the true dmg, 
and not annulated. It has repeatedly been offered in the London drug sales of late years. (5) In 
Mauritius the leaves and root of Tylophora asthmatica are used as a substitute for ipecacuanha, under 
the name of ipdcct sduvctyo^ or iptca dtt pays. In India, the same plant is used, and is known as 
“ country,” or “ Indian ” ipecacuanha. 

Iridin. This is a cholagogue principle, extracted from the root of Iris tersicolor, much used 

in the United States, and to a certain extent in this country. The root is reddish internally, and 
has no odour. 

Irish. Moss, or Carrageen (Fn., Mousse cCIrlande \_perlee'] ; Geb., Enorpeltang, Mdndisches 

[Pert] Moos). Carrageen, or more properly Carraigeen, is the seaweed Chondrus {Fucus) cHspus, 

used in the form of° jelly for consumptive patients. The plant is distributed along the rocky 
shores of Europe, from Gibraltar to the N. Cape; but is wanting in the Mediterranean, and infre- 
quent in the Baltic. On the E. coast of N. America, it is abundant. The districts yielding the 
commercial weed are, however, very limited. It is gathered on the \V. and N.W. coasts of Ireland, 
to be despatched from Sligo, and parcels of a good quality come occasionally from Hamburg ; but 
the principal supply is sent from Boston, U.S. Though the plant is widely scattered along the coast 
of Massachusetts and other States, it is very generally infested with mussels and various minute 
moUusca, which circumstance unfits it for use. The gathering, or “ mossing,” is therefore confined 
to the rocks within a few miles of the Minot Ledge Lighthouse, Scituate, Plymouth County, Mass., 
where it forms a distinct industry. The “ pull ” begins late in the spring tide of the full moon of 
May, and lasts till early September. Previously, the “ bleaching-beds ” are prepared, by raking 
the stones off sandy plots on the beach. The rocks are reached in boats, the spring tides being 
chosen on account of the large space uncovered by the ebb of the tide at this season. The best 
growth is hand-pulled, with great care to ensure its freedom from shells and tape-grass ; when 
properly cured, it fetches 2-3 times as much as the bulk of the crop, and is the only kind supplied 
to druggists. When the tide guards the best ledges, recourse is had to a long-handled iron rake, 
with which the pientifnl commoner growths are torn from the submerged rocks. These are never 
free from weeds and sheila ; but, nevertheless, they form excellent material for the manufacture of 
size. The contents of the laden boats are spread to dry on the bleaching-beds, and then undergo 
repeated washing (in salt water), and drying, till sufficiently white. In fine weather, 6 washings 
will generally suffice ; wet weather is fatal to the quality of the article, indeed it rapidly dissolves 
in fresh water. When cured, it is stored in shanties till the harvest is done, and is then picked over, 
and packed m barrels, about 100 lb. in each. The crop improves in quality, and increases in. 
quantity, by repeated pulling. The annual harvest amounts to about i million lb. The second 
quality is largely used for fining beer ; while lower grades find an application in the sizing of 
cottons and paper, and in the stuffing of mattresses. In this country, it is sometimes used for 
feeding cattle. The commercial article frequently contains other seaweeds, as Qigartina mammiUosa 
(^Chondi-us mammillosus), and G. acietdaris. 

Jaborandi. — The leaves of Pilocarpus pennatifoUus, and possibly of P. Selloanus, have been largely 
imported during the last few years from Pernambuco. The leaves are blunt at both ends, about the 
size and shape of laurel leaves, leathery, smooth, and when held up to the light are seen to be full of 
oil dots. The odour is pea-like, and, as well as the flavour, is somewhat pungent. The leaves, 
when tasted, cause an abundant flow of saliva. When taken internally, they produce most profuse 
perspiration, and have been used for this purpose in medicine. The active properties of the drug 
are due to pilocarpine, an alkaloid which yields crystalline salts. Other plants are used in different 
parts of S. America, under the same namu The leaves of one of these, a species of pepper, have 
occasionally been imported by mistake from Kio Janeiro. The leaves are thinner, pointed at both 
ends, do not show oil dots when held op to the light, and are often attached to twigs which have 
swollen joints. 

Jala<p (Fb., Jalap; Geb., Jalape ), — The root of IpofnuBa (^Convolvulus^ Exogoniuni) Purget is 
very largely used as a brisk cathartic. The plant is a native of the E. slopes of the Mexican Andes, 
flourishing principally about Chieonquiaco, San Salvador, and neighbouring villages on the Cofre 
de Perote, at an altitude of 5000-8000, and even 10,000 ft., in the deep rich soil of shady woods, 
where the daily temperature is 15°-24° (60^—75° F.), and under the influence of an exceedingly 
moist climate. It grows well in S. England, under shelter and protection from frost ; and would 
probably succeed in Madeira. It thrives remarkably on the Nilgiris, and in Jamaica. The tuberous 
roots are, in Mexico, unwisely dug up at all seasons, instead of only when the aerial stems have 
died down ; the best are gathered in March— April. When fresh, they are whitish, scarcely 
odorous, and filled with a viscid juice of acrid flavour. The smaller ones are dried whole, the 
larger ones are first sliced or gashed. The dampness of the climate precluding sun-drying, the 
operation is performed by suspending the roots in nets over the seldom vacant hearths of the Indian 
huts, whence they acquire a smoky look and sooty smell. They usually require 10-14 days’ 
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drying, when they are carried by the Indians to Jalapa (whence the name of the dmg), where they 
are bought by merchants, and despatched to Vera Oruz. The plant is now being partially cultivated 
by the Indians, which allows of the collection of its tubers in the proper season. The drying 
might he improved by slicing the fresh roots, and subjecting them to gentle stove-heat. The 
wholesale price of the drug is about ll<?.-14d. a lb. for good samples; and for inferior 

and stems. Our imports in 1870 (thejatest return) were nearly 170,000 lb. Its cultivation is 
now being energetically carried on in Jamaica, where a patch of ground less than 2 acres in extent 
has produced nearly 5000 lb. of the drug in a short time. 

True jalap is marked more or less with small transverse whitish scars, the presence of which dis- 
tinguishes it from the other varieties. Tampico jalap, the root of Ipomcca sirnulans, is frequently 
imported into this country in considerable quantities. It occurs in spindle-shaped or oval pieces, 
very much shrunken, and of a paler colour externally than true jalap. It much resembles Nepal 
aconite. It contains 11 per cent, of resin entirely soluble in ether, and is largely used in Germany 
for the preparation of jalapine, a purified form of the resin. The resin of true jalap — 12-18 per 
cent.- — is almost entirely insoluble in ether. Woody jalap, called also Orizaba root, male jalap, and 
jalap tops or stalks, Ipomoea Orizahensis, occurs in angular blocks, which are evidently pieces of a 
large root. It is easily distinguished by its fibrous cliaracter, the fibres projecting from the surface. 

It contains 11 per cent, of resin entirely soluble in ether ; and is of rare occurrence in tlie London 
drug market. 

Jew’s Xlar. — The fungus Himedla polytricha, closely allied to the IT. auricula-Jtidce of Europe 
and N. America, is enormously consumed in China, in the shape of a decoction, for purifying the 
blood ; also on fast days in heu of animal food. The fungus is very abundant on decaying timber 
in all the forests of New Zealand, where it is collected, spread in the air or under sheds to dry, 
and shipped to Chinese ports. The price paid to the collectors is about Id. a lb., the declared 
value of the export being at the rate of 4^. a lb. The total exports during the 7 years ending 
1878, were 838 tons. Another species of the fungus is gathered in Tahiti for the same market ; 
86 tons of this, valued at 25801., were exported in 1878. 

Kava-kava. — The root of Piper methystiaum, a native of the Fiji Islands, has lately been used 
in the United States, and in France, and to a slight extent in this country, as a remedy for 
gonorrhcea. The root is large, white, and woody, with a faint, agreeable, lilac-like odour. By the 
Polynesians, it is used as an intoxicating beverage. 

Kino. — The gums known by this name possess astringent properties, and are occasionally 
administered on this account. (See Eesinous Substances.) 

Kokum-butter. — The fatty oil derived from the seeds of Garcinia Indica (.purpurea), is well 
adapted for pharmaceutical preparations. (See Oils — ^Mangosteen.) 

Koso, Cusso, Kousso, or Kosso. — The flowers of Magenia Ahyssinica (Brayera anthelmin 
thica) are employed as a vermifuge, for the expulsion of both Tania Solium and BothriocepAalus laius. 
The tree — 60 ft. high — is a native of the whole Abyssinian plateau, at 3000-8000 ft. altitude, and 
is commonly found about the villages ; it also grows in Madagascar. The flowers have a herby 
tea-like odour, a bitter-acrid flavour, and a lightish-brown colour. They are commonly imported 
in cylindrical roUs, IJ ft. long and about 3 in. in diameter. Bed koso consists of the female 
flowers. The drug is brought to England via Aden or Bombay. 

Lactucarium, Lettuce-opium, or Thridace (Fb. and Geb., Zactucarium ). — The 
hardened milky juice of 3 or 4 species of Zactuca, is supposed to possess in a concentrated degree 
the soporific power ascribed to the lettuce ; but its activity is exceedingly doubtful. The species 
yielding the drug are ; — (1) Z. virosa or Prickly-lettuce, common on stony land in Central, W. , and 
S. Europe, especially in Spain and France ; (2) Z. Scariola, closely resembling the preceding, and a 
congener with it ; (3) Z. altissima, probably a variety of the last, indigenous to the Caucasus, and 
now cultivated in Auvergne, attaining a height of 9 ft., and thickness of stem of lx in. ; (4) Z. saliva, 
the garden-lettuce. In Germany, the drug is produced chiefly near Zell on the Mosel, where the 
plant is cultivated for the purpose. It produces a stem in the second year only. Just before 
flowering, in May, the stem is cut off at about 1 ft. from the top ; a lateral slice is then removed 
daily till September, the juice that exudes from the wounded top being collected by the finger 
and dropped into earthen cups, where it solidifies, and is then turned out to dry in the sun, till it 
win bear cutting, when it is placed in the air on frames till thoroughly dry (several weeks). The 
district yields about 6-8 cwt. annually, valued at 6-14g. a lb. The Eifel district no longer 
furnishes any. 

German lactucarium occurs in commerce in the form of angular pieces, of a brownish colour 
internally, opaque, and wax-Uke. French lactucarium is prepared of good quality at Clermont- 
Ferrand, in circular cakes of IJ in. In Austria, about 35 kUos. yearly are made at Waidhofen, in 
small tears. A Bussian variety is highly valued on the Continent. Formerly, only Scotch lactu- 
carium was to be met with, and, after being long absent from the market, is again coming forward. 
It is prepared in the neighbourhood of Edinburgh, by collecting the juice in little tin cups, where it 
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liardens, and is then turned out and gently dried, being broken up as the drying progresses ; il 
thus results in irregular earthy-looking lumps, from I in. long downwards, deep-brown in colour, 
and having the odour of the Continental drug. 

Lignnm-vitae. — The chips, shavings, and raspings of the heart-wood of two species of 
Gmiacum ((?. officinale and (?. sanctum) are employed as an ingredient of the compound decoction 
of sarsaparUla. The drug should be free from sap-wood, and from admixture with other woods. It 
should sink in water. It is also necessary to ascertain that the resin, on which the virtue of the 
wood depends, is reaUy present, the cliips being obtained from turners, and frequently mixed with 
the turnings of other woods. (See Timber.) 

Iiime-juice. — The prepared juice of lemons and Umes is well known as an anti-scorbutic. 
(See Fruit.) 

liiquorice (Fb., Eeglisse ; Geb., Siissholx, Lahriz). — The root of Glycyrrhiza glabra is used for 
the preparation of extract of liquorice, and the powdered root is employed in pDl making. The 
plant occurs under several varieties over all the warmer parts of Europe, and eastwards into Central 
Asia. The officinal root is derived chiefly from two varieties : — (a) typica, a native of Portugal, 
Spain, S. Italy, Sicily, Greece, the Crimea, the Caucasus, and N. Persia, and cultivated in England, 
France, and Germany; (0) glandulifera, found in Hungary, Galicia, Central and S. Kussia, Asia 
Minor, Armenia, Persia, Siberia, Turkestan, Afghanistan, and H. China. The cultivation of tlie 
plant at Mitcham, in Surrey, and at Pontefract, in Yorkshire, is on a very limited scale. 

The soil must be a deep, sandy loam, free from stones, well trenched, and abundantly manured. 
The plants, set in rows, reach a heiglit of 4-5 ft. When 3-4 years old, the root is dug up, for which 
purpose a trench is cut as deep as the former trenching, and a rope is attached to the head of the 
root, by which it is pulled up. It is seldom got up in an entire state. During the autumn, the 
principal roots emit horizontal runners ; these are forked up, cut off close to the root stock, divided 
into pieces, laid in heaps out of doors, and covered with straw and mould during the winter. If 
these are not taken up, the ground becomes full of them, the main root does not grow so vigorously, 
and the crop is diminished. A fair crop is reckoned at 1 ton of roots an acre. The roots proper 
are washed, trimmed, and assorted, and sold either whole in a fresh state, or cut up and dried ; the 
older “ hard ” runners are sold separately, and the younger “ soft ” ones are reserved for propagation. 
The English fresh root is externally of a bright-yellowish colour, flexible, tough, and fibrous; it has 
a peculiar earthy odour, and a distinct sweet fiavour. The dried root enters into commerce either 
with or without its brown coat ; in the latter case, it is termed “ peeled,” or “ decorticated.” 
“ Spanish,” “ Tortosa,” or " Alicante ” liquorice root reaches us in bundles several feet long, con- 
taining unpeeled roots and runners, J-1 in. thick. That imported from Tortosa is usxially in good 
condition ; tliat from Alicante is often dirty and unequal, frequently showing the knobby crown of 
the root, and occasionally shipped loose or in bags. “ Kussian,” of which much is used in England, 
is imported from Hamburg, both peeled and unpeeled, in large bales, consisting of pieces 12-18 
in. long, and J-2 in. thick. It is probably derived from G. glandulifera, and, as well as that met 
with in China, India, and the East generally, has a reddish tint, a scaly surface, and a slightly 
bitter after-taste. The runners or underground stems are less sweet than the true root, and have a 
distinct pith, at which part the transverse section generally shows a central depression. Our 
supplies of the root are drawn from Spain, Bussia, and Germany, and are trifling in quantity. 
France imported over 4000 tons in 1872. China exports it in large quantities: in 1878, Hankow 
shipped 560 piculs (of 133^ lb.); Chefoo, 7951 piculs; and Newchang, 607 piculs. In the same year, 
Bagdad exported 2590 lb. of the root to India and Europe, The London market value fluctuates 
between 29s. and 30s. a cwt. 


Manufacture of the Extract .— Spanish juice,” or “ liquorice,” or “ Italian extract of liquorice,” 
is very extensively prepared in S. France, Spain, Calabria, SicUy, Austria, S. Bussia (Astrakan 
and Kasan), Greece, and in the neighbourhood of Smyrna. The roots are taken up during the 
previous winter, and stacked in a dry and sheltered place ; they are placed upright, with layers of 
sand between, and a stratum some inches thick on the top. When required” they are carried 
indoors, and crushed under an edge-runner mill-stone ; the pulp is then transferred to boilers set 
over a naked fire, and boiled with water; the decoction is run off, and the fibre is pressed in cir- 
cular bags ; the liquor is next pumped up into copper pans, for evaporation, care being necessary 
to avoid burning it. When of the proper consistence, the extract is removed while stiU warm and 
weighed out into portions, ready to be rolled into sticks, which operation is performed by women’s 
hands on a wooden table, the extract being moistened with oil to prevent adhesion After being 
hand-rolled, the sticks are placed in marble or metal frames, when they are brought to the right 
dimensions. When stamped with the maker’s name, they are stacked on boards in a room to ffiy 
In the best establishments, vacuum pans are used for the inspissation. Of the dried roots 100 lb 
yield about 30 lb of extract The manufacture is best performed from November till Mar4, warm 
weather causing imater^ to run ; for tto reason, it should not be shipped in summer. The 
sticks are bound with bay leaves, to prevent adhesion. In France, Egypt, and Turkey, an infusion 
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of it is used as a cooling beverage; and in America, it is largely consumed in brewing, and in the 
naanufacture of tobacco. The Calabrian factories produced 11,000 cases of 2 cwt. each in 1878. Our 
imports, in the same year, were ; — From Italy, 8505 cwt., value 31,352/. ; France, 6345 cwt., value 
12,629/. ; Turkey, 6207 cwt., value 12,157/. ; other countries, 2285 cwt., value 5586/. The London 
market price is about 30-36s. a cwt. 

liogfwood. — A decoction of the chips of the heart-wood of Hmmatoxylm Campeohianum is 
administered in diarrhoea ; the chief use of the article, however, is in dyeing. (See Dye-stuffs.) 

Lopez-root. — The root of Toddalia aculeata once had some celebrity in Europe as a remedy for 
diarrhoea. It is a tliick, yellowish, woody root, with a pale-yellow corky bark. The plant is a 
prickly climber, indigenous to the Coromandel Coast, S. Concans, and Canar.i, the Indian Archi- 
pelago, S. China, Ceylon, Mauritius, and Bourbon. The root seems to have been occasionally 
brought to Europe from Goa ; but it was always dear and rare, and confined to Dutch commerce, 
its price in 1828 being about 24s. an oz. It is largely used in Indian medicine ; but is not now 
met with in this country. 

Lycopodium (Fe., Ltjcopode; Ger., B drlappsamen, Bexenmehl). — The minute spores contained 
in the capsules growing in the axils of the bracts covering the fruit spike of the common Clubmoss 
(^Lycopodium clavatum) are employed by druggists for preventing the adhesion of pills when placed 
in boxes. Also, under the name of “ vegetable brimstone,” in pyrotechny. The plant, as well as 
X. Selago, is said to possess medicinal virtues. Z. clavatum occurs throughout Great Britain, but 
is most plentiful on the moors of the N. counties ; and is found on heaths and hills from the Alps 
and Pyrenees to the Arctic regions, in Central and E. Spain, from Asiatic Russia to the Amur 
and Japan, at the Cape, in N. and S. America, the Falklands, and Australia. The drug consists 
of a fine, odourless, flavourless, pale-yellow powder, floating on cold water without becoming wet, 
but sinking after boding. In a slow heat, it burns gradually ; but when thrown into a flame, it 
undergoes instantaneous combustion, accompanied by faint explosion. It is obtained by cutting oflf 
the tops of the plant as the spikes approach maturity — in July and August ; these are taken home, 
and the powder is shaken out, and sifted. It is gathered principally in Russia, Germany, and 
Switzerland, the quantity varying greatly with the season. In 1870, France imported over 
16,000 1b. of the diug, chiefly from Germany. Our imports are probably much less. The value 
of the article is about 2s. a lb. 

Manna (Fr., Marne; Gee., Manna). — The saccharine exudation obtained principally from 
Fraxinus Omus (Oi-nus Europeia), is a gentle laxative widely employed. The Manna-ash (Fraxinus 
Ornus) is a small tree, met with in Italy, Sicily, Corsica, Sardinia, Spain, Switzerland, Hungary, 
the E. coast of the Adriatic, Greece, European and Asiatic Turkey ; F. Bangeana of N. China is 
probably also identical. The collection of the drug, which within recent times was carried on in 
the Tuscan Maremma and the States of the Church, is now confined almost exclusively to Sicily, 
though an inferior kind is still called after Tolfa, a town near Civita Vecchia. The Sicilian drug 
is chiefly produced in the neighbourhood of Capaci, Carini, Cinisi, and Favarota, districts lying 
about 20-25 miles W. of Palermo ; also around the towns of Geraci, Castelbuono,&c., in the Cefalu 
district, 50-70 miles E. of Palermo. The best manna is produced on the plantations where the tree 
is cultivated. The trees are planted about 7 ft. apart, and the land is occasionally forked, weeded, 
and manured. When the trunk is at least 3 in. thick (in 8-10 years), the tree is first tapped. This 
consists in making a series of incisions in the bark, just deep enough to reach the wood, and about 
lJ-2 in. long ; the first ent is made near the bottom of the tree ; each day a fresh incision is 
made, immediately above, and about J-1 in. from, the last; this is continued while the dry 
weather lasts, or till the branches are reached. The season extends from early July to late 
September, being at its height in July-August, when the trees have ceased to put forth leaves, 
and warm, dry weather assures a good harvest. Next year, the cutting is repeated on the 
opposite or uncut side of the tree; this is continued till about the 8th year; and at the 
9th year, when the tree is becoming exhausted, it is cut all round, and afterwards felled, a 
single shoot being left, which will be similarly fruitful at the end of 4-5 years. A portion 
of the juice which exudes from the wounds is gathered by inserting sticks or straws, on 
which it coagulates, forming a superior quality of manna ; on its first appearance, it is brown and 
bitter, but soon becomes solid, white, and sweet. Frequently, the juice is so fluid as to run down 
the bark of the tree, partly adhering to the stem, and partly falling to the earth, where it is caught 
on leaves of the fig and other trees. The bulk of the best commercial manna seems to be that 
collected from the bark, and known as manna canellata, or “Flake manna.” The juice which 
exudes from the lower incisions is caught on^tiles, or on pieces of the stem of the prickly-pear, and, 
being of inferior quality, is added to the drippings, and that which is scraped from the stem after 
removing the prime sticks, and is called manna m sorte, or “ Small (Tolfa) manna.” The gathering 
takes place once a week, in fine weather only; the drug being soluble in water, rain and dew are 
injurious. After collection, both sorts are spread on shelves in the sunshine to dry and harden. 
The finest manna occurs in stalactites 6-8 in. long, and I in. or more wide ; crystalline, porous, 
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friable, and yellowish-brown to white ; brittle, crisp, and melting in the month with a flavonr 
resembling honey. The deeper coloured gummy pieces axe obtained from old stems, and from the 
lowest incisions, and sometimes owe their softness to the alteration in the juice caused by the 
unfavourable weather towards the end of the season. The gross returns of 1 hectare (2| acres) of 
land under manna cultivation is estimated as follows : — Manna canellata, ISJ lb., 51. 6s. ; manna in 
sorte, 207 lb., 28?. 4s. ; wood cut down, 10s. ; total, 34?. The London market value of manna is 
about 4s. a lb. Our imports in 1870 amounted to 230 cwt., value 4447?. The Sicilian exports 
(chiefly from Palermo) in 1871 were 3038 cwt., half of which went to France. Messina, in 1877, 
exported 4273 kilo, of canelli, and 186,664 kilo, in sorte. 

Attempts have been made to introduce artificial manna made from glucose ; and inferior grades 
of the drug are often manipulated so as to bear a close outward resemblance to the best flake 
manna. In some parts of Sicily, the common ash (F. excelsior') is also cultivated for the manna it 
yields. 

It is necessary to remark that the modem officinal manna differs altogether from the manna of 
the Bible (said by some writers to be a kind of lichen, and by others to be a saccharine exudation 
from Alhagi Camelorum, or Tamarix gallica ear. manniferd), as well as from the Oriental mannas of 
early European commerce, of which there are several kinds ; — (1) “ Alhagi-manna ” consists of 
little, hard, dry tears, light-brown in colour, sweet-flavoured, and of senna-like odour, afforded by 
Alhagi Camxlorum, a native of Persia, Afghanistan, and Beluchistan ; it is collected near Kandahar 
and Herat, during the inflorescence of the plant, and exported to India, to the amount of about 
1 ton yearly, valued at 30s. a lb. (2) “ Tamarisk-manna ” collects in drops oh the slender 
branches of the tamarisk (^Tamarix gallica), in June-July, and is due to the puncture of an insect 
(Coccus manniparus). It is produced especially in Sinai, where it is collected by the Arabs, in the 
cool of the morning, when it is solid, and disposed of to the monks of St. Katharine; it is also 
probably produced in the Punjab and in Persia, though in the case of the latter country, the manna 
sold there under the same Arabic name, is obtained from Astragalus ftorulentus and A. adscendens, 
in the hills S.-W. of Ispahan. (3) Shir-khist is said to be an exudation from Cotoneaster nummularia 
and Atraphaxis spinosa, and is imported into N.-W. India from Afghanistan and Turkestan. (4) 
“Oak-manna” is a saccharine exudation caused by the punctures of a Coccus on the small branches 
of Quercus Vallonea, and Q. Persica. It occurs in the neighbourhood of Diarbekir, in August, and 
is collected by wandering Kurds, at early morn, by shaking the trees over cloths spread on the 
ground, or by dipping the branchlets in hot water, and evaporating the liquid. 

A number of other saccharine exudations, as well as some animal products, have been noticed 
by travellers, and designated manna. They are chiefly (1) “ Brian 9 on-manna,” a white saccharine 
substance, found in the early morning at midsummer on the leaves of the larch (Finns Larix), on 
the hills near Brian 9 on, and in Styxia; (2) kindred substances have been gathered from Pirns 
glabra, Salix fragilis, and Scrophularia frigida, in Persia; (3) also from the cedar (Pinus Cedrus); 
(4) in Spain, from Cistus ladanifervs; (5) in Australia, Uom Eucalyptus viminalis ; (6) Tighala, or 
“ Trehala,” is the cocoon of a beetle, Larinis submgostts (and maculatus), found attached to twigs of 
Echinops Candidas, in Syria and Turkey, where it commands a ready sale as food ; (7) Shukhur-ul-A shr, 
is a very similar structure made by Larinus ursus, on the Gigantic Swallow-wort (Calotropis 
gigantea), and used for food by the natives of India ; (8) ” Lerp-manna ” is also an animal product, 
found in Australia, 


MatlCO.— The leaves of Piper angustifolium (.\rtanthe clongata), softened in water, or powdered, 
are used externally to stop bleeding, and, in infusion, to check internal hemorrhage The shrub 
flourishes in the damp forests of Bolivia, Peru, Colombia, Venezuela, and Brazil, occasionally under 
cultivation; a stouter variety also inhabits the same territory. As it arrives here, in bales and 
serons, it consists of a compressed mass of leaves and stems, of light-green colour, agreeable 
herbaceous odour, and bitterish aromatic flavour. The drug is imported by way of Panama 
Arica (Peru) in 1877 exported 19,773 lb., and Mollendo, in 1878, 29 quintals. The approximate 
market value of the drug is Is. 6d. a lb. 


A number of other plants are u^d in Central and Tropical S. America under the name of 
“matico. The principal are:^l) P. aduncum (Artanthe adunca), widely distributed in tropical 
America; (2) P. ta/o?mm, in Colombia ; (3) W.dtheria glomerata, in Panama; (4) EupatLum 
gluUnosum, » Kio-bamba and Quito The leaves of Ko. 1, as well as those of P. angustifoZm var. 
cordulatnm, toth of which have smooth leaves, are occasionally imported mixed with, or substituted 
for, rue matico. Another species, having an anise-like odour, has also been met with in the 
English drug market, under the name of matico. 

Mezereon, or Spurge-laiwel (Fn., Mexereon,'Bois gentil ; Geb., &a.?teO.-The bark of 
possesses alterative and sudorific principles, useful in venereal, scrofulous, and 
rheumatic diseases; in England, it is used internally only in the compound deletion of sarsa- 
panlla; an ointmen made from the bark is used for keeping blisters open. The shrub is 
indigenous to the lulls of Europe, from the Arctic regions to Italy, and outwards to Siberia: 
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it oecTirs also in a few counties of England, and its bark is colleeted for nse in Kent and 
Hampshire. The bark, which is very tough and fibrons, is removed in long strips, and dried, 
whereupon it loses its unpleasant odour ; it has a burning acrid flavour, and will cause vesication 
on a moist skin. It is stripped off in winter, and tied up in bundles. The bark of the root is most 
active. The drug is now principally imported from Germany, On account of its scarcity, the bark of 
D. Laureola is often substituted for it by English herbalists. In France, the bark of D. Gnidium, 
common in the Mediterranean basin, is largely used. In Borneo, a bark called Merik, from a 
species of Wichstromia, is said to possess identical properties. The approximate market value of 
Mezereon bark is 8d. a lb. 

Hux- vomica (Fe., Noix-vomique ; Gee., Brechnuss). — The tincture and extract of the seeds of 
Strychnos Mix-vomica, as well as the alkaloid strychnine, are well-known powerful remedial agents. 
The tree, of moderate size, is a native of India, especially the coast region, and of Burma, Siam, 
Cochin-China, and N. Australia. The seeds are compact and horny, their flavour is very bitter, and 
their colour light-greyish to greenish. They are flat and disc-hke, about J in. in diameter, and 
2 lines thick. They are generally steamed, and dried quickly, to soften them before powdering. 
Their approximate market value is 6-9s. a cwt. The drug is largely exported to this country from 
Bombay, Madras, and Calcutta. The preparation of the alkaloid has been described under 
AJkahes — Organic (see p. 231). 

Pareira-brava (Fe., Butua, Pareira-brata ; Geb., GriesxcurzeT). — The root of Chondodendron 
tomentomm ( Cocculus Chondodendron, Sotryopsis platyphylld) is prescribed in affections of the bladder, 
and in calculus, and baa very wide uses in Brazil. The vine-like shrub is a native of Peru and 
Brazil, especially on the hills between the Copacabana and the Eio de Janeiro, and near San 
Sebastian, and is widely diffused in the tropics of both hemispheres. The drug occurs as long, 
woody roots, 1-2 in. thick, often much smaller ; it has a bitter flavour, and scarcely any odour. 
They are of a blackish colour externally, with a few transverse ridges. The stem, which is less 
valuable, generally occurs in commerce mixed with the root, in the proportion of 3 to 1. It is of a 
pale colour, and is often dotted with small warts. The approximate value of the drug is Is. a lb. 
The great difficulty in obtaining the true drug has caused it to be almost completely replaced by 
inferior, and sometimes worthless, substitutes, under its assumed name. The principal of these 
are:— (1) Stems and roots of Cissampelos Pareira, imported from Jamaica in 1866-8, to the amount 
of 300 lb., by Allen and Hanburys ; (2) The woody stem and root of an undetermined plant of the 
same order as the true drug, collected in Brazil, and characterized by excentric pith and incom- 
plete woody rings. It possesses medicinal virtues, and is known as “Common false Pareira.” 

(3) A valueless kind, distinguished by absence of bitterness, and a well-marked central pith. 

(4) The stems and roots of Abuta rufescens, of Brazil and Cayenne, called “ White Pareira ” ; 

(5) The stem of an unknown plant of Cayenne and British Guiana, called “ Yellow Pareira.” 

Pellitory (Fe., Pyrethre soUvaire ; Gee., Bertramwurzel). — The root of Anacycius CAnthemis) 

Byrethrum is used chiefly as a sialogogue for toothache, and sometimes in the form of tincture as a 
stimulant. The plant is a native of N. Africa, especially Algeria, and grows on the plateaux that 
separate the coast districts from the interior desert The drug consists of single roots, 3-4 in. long, 
in. thick, having a slight aromatic odour, and a pungent flavour, and causing a peculiar tingling 
sensation, and an extraordinary flow of saliva. It is collected principally in Algeria, and despatched 
from Oran and Algiers ; large quantities also are shipped from Tunis to Leghorn and Egypt, being 
imported from Tebessa, in Algeria, to the amount of 50,000 lb. yearly. It has long been an article 
of export to India ; its wholesale price is about 70-76s. a cwt. The drug is replaced in Germany, 
Scandinavia, and Kussia, by the slender, tufted root of A . officinarum, cultivated in Prussia and 
Saxony ; it is as pungent as the preceding. 

Pennyroyal (Fe., Menthe-pouliot, Pouliot-tulgaire ; Gee., PoJei). — The distilled water of 
Mentha Pulegium is carminative and antispasmodic, and is used like peppermint-water. The 
infusion is used as an emmenagogue. The herb is common in S. Europe, and its range extends 
to Britain, Denmark, Sweden, Asia Minor, Persia, Algeria, Madeira, Teneriffe, and Abyssinia ; it 
has also been intioduced into N. and S. America, and most not be confounded with the Hedeoma 
pulegioides of the former. The plant is cultivated at Mitcham, and usually sold in a dried state; it 
has a strong fragrant odour, and a highly aromatic flavour. It is occasionally distilled for its 
essential oil, of which it should yield about 12 lb. an acre; it is, however, very variable in this 
respect, and the commercial drug is principally imported from France and Germany, where it is 
more readily and cheaply produced. The approximate market value is 6d. a lb. 

Peppermint (Fe., Mentheqmivree ; Gf^., Pfeffermime). — ^An aqueous or spirituous solution of 
the essential oil of Mentha piperita is a grateful stimulant, frequently added to other medicines. 
(See Oils.) 

Peru-balsam. — The oleo-resin obtained from MyroxyUm {Myrospermum) Bereirce is occa- 
sionally used in ointments, and, internally, in asthma and chronic coughs. (See Resinous 
Substances.) 
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PodophyUuin (Pb., Podophyltee; Ger., Entenfuss, Fussblaif). — The rhizome and rootlets of 
Podophyllum peltatum are used for the preparation of podophyllin, now largely employed as a purga- 
tive and cholagogne. The herb grows in moist, shady places along the E. side of N. America, from 
Hudson’s Bay to New Orleans and Florida. As imported, the drug consists of flattened pieces, 
1-4 in. long, and having a heavy, unpleasant, narcotic odour, and bitter-acrid, nauseous flavour. 
The active principle lies in the resin. It is prepared by exhausting the powdered drug with 
alcohol, caused to percolate through successive quantities ; the tincture is then poured into much 
water, acidulated with hydrochloric acid (1 measure in 70), and the precipitated resin is dried at 
32° (89° F.) max. The colour of the podophyllin is lighter in proportion as the quantity of water 
used is greater. It is largely produced at Cincinnati, and other towns of America, and in England. 
The virtues of this plant have been long known to the Indians. The leaves contain the same 
principle as the roots ; the yellow, pulpy fruit, called May-apple, is occasionally eaten. The 
approximate value of podophyllin is Is. a lb. 

Poppy (Fb., Pmot ; Geb., Mohn). — The heads of Papaver somniferum are in common use, iu 
the forms of syrup and extract, as a sedative ; and, in hot decoction, are sometimes applied as an 
anodyne. The familiar plant is cultivated on a small scale in England, for medicinal purposes. To 
ensure a pale colour, and retain the form of the capsules, the stalks of the nearly ripe fruits are 
bent, so as to make the capsules hang down ; they are then allowed to dry on the plant. In 
Eastern countries, poppies are much more extensively grown, for the preparation of opium. (See 
Narcotics — Opium.) 

Q,uassia, or Bitter-wood (Fb., Quassia, Bois amer ; Geb., Quassia). — The raspings and 
shavings of the timber afforded by Picrmna (Quassia, Simaruba, Picrasma) excelsa, and other species, 
are tonic and stomachic. The principal supply is now furnished by the tree named above, the 
Bitter-wood or Bitter-ash of the W. Indies. In France and Germany, use is made of the wood of 
Quassia arnara, or Surinam bitter-wood, a native of Panama, Venezuela, the Guianas, and N. Brazil. 
A third substitute is the bark of Q. Siimn-uba (Simaruba arnara lofficinalisj), indigenous to Cayenne, 
Guiana, and Jamaica, and called Mountain-damson, bitter-damson, or stave-wood. The lark of 
Samadera Indica, of Ceylon, contains apparently the same principle. (See Timber.) 

Quince (Fb., Comy ; Geb., Qurtte).— The seeds or pips of the fruit of Pirns Cydonia (Cydmia 
vulgaris) are used in decoction, as a demulcent application in cutaneous diseases; occasionally, in 
eye-lotions ; generally, by the natives of India, as a tonic and restorative ; and by Europeans, in 
dysentery; but especially to make bandoline for the hair; and in the arts, for merbliirg books. 
The tree flourishes in W. Asia, from Caucasia to the Hindu Krrsh; in the Mediterranean basin; 
and in temperate Europe ; but it will not ripen in Scotland, Christiania, and St. Petersburg. 
It also grows at the Cape. The seeds have a mahogany-brown colour, and, when broken, the odour 
and flavour of bitter almonds. They are imported to England from Hamburg (often quoted as 
“Eussian”), S. France, and the Cape. India imports them largely from the Persian Gulf, and via 
Afghanistan. The approximate market value of quince seed is Is. a lb. 

Bhatany (Fb. and Gee., JfafanAia).— The root of Erameria triandra is a valuable astringent, 
though not largely used in Britain. The shrub grows luxuriantly in the sands of the Cordillera 
of the Andes at altitudes of 3000-8000 ft. Its roots are collecttd principally in the districts lying to 
the N., N.-E., and B. of Lima, as Caxatambo, Huauuco, Tarma, Janja, Huarochiri, and Canta ; also 
near Lake Titicaca, and in N. Peru. The roots now found in commerce are much smaller and more 
fragmentary than formerly ; a dried extract, resembling kino, once imported from S. America has 
disappeared. Several of the 20-25 other species of Kramena, natives of the W. hemisphere, possess 
astringent roots, which are also found iu English commerce; they are chiefly :—(l) “Para,” 
“ Brazilian,” or “ Ceara,” furnished by E. argentea, of N.-E. Brazil, gathered in the dry parts of 
Minas Geraes and Bahia ; (2) The root of E. cistoidea, of Chiii ; ( 3 ) “ Savauilla ” or “ New 
Granada,” derived from E. tomentosa (Txiua, grandifolia), a shrub found on arid lands'in the Jiron 
valley, at Socorro, and near Santa Marta and Rio Hacha, in Colombia ; aUo in British Guiana, and 
in Pernambuco and Goyaz. This root is less common in British commerce than “ Para ’ • but is 
probably superior in medicinal qualities ; (4) A root ascribed to K. secimdtflora, of Arkansas ' Texas 
and Mexico, is unknown in the market. The wholesale value of the ordinary drug is about 
2-5d. a lb. The root of E. triandra has a rough surface and splintery fracture ; that of Para, a 
smooth surface with numerous transverse cracks, and short fracture ; that of Sa vanilla is similar to the 
last, but paler. The roots of E. cistoidea and K. secuwli flora do not occur in commerce in this country 

Ehuharl) (Fb., Ehnbarbe; Geb., -RAafiorAer).— The root of several species oi Rheum is one of 
the commonest and most valuable purgatives, and is al^ used as a stomachic and tonic. The bulk 
of the commercial drug would seem to be afforded by two species, but this is a point on which 
botanists are not agreed. The rival species are R. officinale and a variety of R. palmatum called 
R. Tanguticum. The first is a native of S.-E. Thibet, and of various parts of AV and N -W China 
where it is in a measure cultivated. Supplies of the drug are received from these districts and 
it is claimed for this plant that it is the only source of the true drug. The second species certainly 
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furnishes considerable quantities of tlie drug, but opinions differ as to its genuineness. This plant 
is abundant near the sources of the Tatung and Etsina rivers, in the dense mountain forests. 
Its root is dug up by Tangutans and Chinese, in September and October ; the lateral shoots are 
cut off, the outer rind is removed by a knife, and the root is then cut transversely into segments, 
which are threaded on strings, and hung up to dry in the shade, where they are exposed to a 
draught, but not to tlie sun. The larger segments are also divided longitudinally, the pieces 
being known in commerce as “ rounds ” and “ flats ” respectively. The drug, locally worth about 
2s. 2d. a lb., is sent to Si-ning, the chief central depot, and is theuoe despatched (in winter, by land : 
in summer, by boat) down the Hoangho to Pekin, Tientsin, &c., where it fetches ten times the local 
price. The plant affects ravines with a rich loamy soil and N. aspect, and is seldom found on S. 
slopes, or on the hare mountain. In altitude it ascends to 10,000 ft. It is sometimes cultivated by 
means of seeds and young plants. Seed is sown in autumn or early spring, in a fine black mould. 
In the third year, the root is as thick as a man’s fist ; in eight to ten years, it is matme. 

The drug-yielding species of the plant are very widely distributed : they extend over the four N- 
provinces of China, named Chihli, Shansi, Shensi, and Honan ; through the N.-W. province of Kansu, 
reaching to the frontiers of Thibet ; the Mongolian province of Tsing-hai, including Lake Koko-nor, 
and the regions of Tangut, Sifan, and Turfan ; and the mountains of the W. province of Sechuan. 
The drag from the last-mentioned district is very inferior, owing, it is said, to the moist heat of the 
province, which interferes with the drying process, and necessitates the employment of direct heat, 
either from the sun, or by placing the sliced root on heated stones. The places of production, 
qualities, and comparative prices of the various grades of rhubarb furnished by the Chinese Empire 
may be thus stated : — Si-ning (Kansu province), average 80 iaels (tael = 5s. lOi.) a •picul (133^ lb.) ; 
Liangchow (Kansu), 75 taels; Mienchow (Sechuan), 55 tieh; Kiaichow (Kansu), 40 taels; Kansu, 
and N.-W. border of Sechuan, best, 40 taels, common, 20 taels; Kuan Hien (Sechuan), best, 30 taels, 
common, 20 iaels; Sechuan also yields some very common, value 5-8 taels. The Si-ning and 
Liangchow brands never come to Hankow, and probably go overland to Kussian markets ; very 
little even of the Mienchow quality reaches Hankow, and the demand is therefore supplied entirely 
from the lower grades. A different species is said to grow in the alpine region of the Kansu 
mountains, but is unfit for medicine ; yet another b ascribed to the Ala-Shan mountains. 

The very various names by which commerobl rhubarb has been known at different times in 
this country are due solely to changes in the route by which the article, purchased from the pro- 
ducers by Bokharian merchants, has reached Europe. The first route lies over the steppes, by 
Yarkand, Kashgar, Turkestan, and the Caspian, to Russia. In 1719, Urga was the great depot ; in 
1728, the trade was transferred to Kiaohta and Maimatchin. The drug was subjected to special 
control by Kussb, and officials were appointed to inspect it, and reject all spurious pieces, and to 
improve and protect it by trimming, paring, boring, drying, and packing it in chests, sewn up in 
linen, pitched, and then covered with hide. Thb article constituted “ Russian,” “ Muscovite,” or 
“Crown” rhubarb, whose uniformly good quality gave it pre-eminence. Since 1860, it has dis- 
appeared from commerce ; the severity of the Russian monopolbts drove it to seek another outlet. 
The second route b by the Indus or Persian Gulf to the Red Sea and Alexandria, or by Persia to 
Syria and Asm Minor. From the Levant ports of Aleppo, Tripoli, Alexandria, and Smyrna, it 
reached Europe, and got known as “ Turkey ” rhubarb. Thb did not long survive the competition 
of the Russian route ; and as the imports in thb direction ceased, the name was commonly and 
confusedly (in England only) applied to the drug brought througli Russia. The third line is by 
way of Chinese seaports, the route now traversed by all the supplies coming to W. Europe, and 
only developed since about 1860, whence the drug is called “ China,” “ Canton,” or “ East Indian ” 
rhubarb, generally the first-named. It is chiefly purchased at Hankow, sent down to Shanghai, 
and thence shipped to Europe. The exports from Hankow, in 1878, were: — Shansi drug, 2697 
piculs (of 133^ lb.), value about 32,0001. ; Sechuan drug, 3245 piculs, value about 11,0001. Tien- 
tsin, in 1877, exported 959 piculs. Minor quantities are occasionally despatched from Amoy, 
Foochow, and Ningpo. Our imports of the drug in 1870 (since which date no retumjhas been 
issued) were over 153 tons, valued at more than 60,0001. 

Its commercial value is now about 3-4s. a lb., for good and fine ; 6d.-2s. 6d. for middling and 
ordinary. In 1657, when it came overland, its price was 16s. a lb. As now imported from China, 
the drug consists of portions of a massive root, varying in form according to the treatment under- 
gone, and often trimmed to resemble the old Russian drug. The pieces are commonly 3 in. long, 
and 2 in. wide, bnt sometimes much larger, usually pierced by a hole, and coated with a bright 
brownish-yellow powder. This last charagterbtic is considered much more in England than on the 
Continent ; to imitate the Russian or Crown rhubarb, it b cut or filed, by a workman wearing 
leather gloves, and is then known as “ Turkey trimmed ” ; the terminal portions of these are called 
“stick” rhubarb, and sold at a low price. The fracture must show no sign of decay, stain, or 
sponginess. The root feeb gritty in the mouth, from the presence of crystals of oxalate of lime, 
and has a bitter, astringent, nauseous flavour ; and a peculiar odour. 
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The cultivation of medicinal rhubarb has long been carried on, more or less persistently, in 
several European countries. Seeds of S. Rhapontiaum, a native of S. Siberia and the Volga basin, 
were cultivated at Bodicott, near Banbury, a century ago; and in 1867, some 40 acres of the plant 
were flourishing in that village, the soil being rich, friable loam. The roots are taken up in the 
autumn on to November, generally when 3-4 years old, though they are better at 6-7 years. The 
clumps, weighing perhaps 60-70 Ih., are freed from earth and the smaller roots; the central 
portion is trimmed, pared, and sliced longitudinally ; the lateral roots are also trimmed, pared, 
and assorted. All are then dried slightly in the open air in sheds, and afterwards thoroughly 
in a building heated by flues, for several weeks, and are stored in a warm, dry place. The 
best pieces are not inferior to the Chinese drug in size and colour ; but in odour, flavour, 
texture, and structure, they are not so good. The drug commands a low price, and is exported 
to the Continent and America. The same species is also grown at Austerlitz and Auspitz, 
in Moravia, and at limits, Kremnitz, and Frauenkirchen, in Hungary. In France, R. pahnatum, 
R. undulatum, R. compactum, and R. Rhaponticum were largely grown half a century ago; but 
the cultivation is now confined to the vicinity of Avignon, and a few minor spots. The first 
two species were long since raised extensively for the Russian Government at Kolywan and 
Krasnojarsk, S. Siberia. R. Emodi (australe) yields the drug in Silesia. The cultivation of 
R. palmatum, almost the most valuable species, is attended with great difficulty, on account of the 
central root being very liable to decay. A Russian botanist suggests a remedy for this, in cutting 
away the old leaf-sheaths and withered stalks before they have had time to rot at the root, thus 
preventing an accumulation of water. It is further recommended to cover or stop the eye of the 
stalk ; to plant in light, black soil, in a shady situation, not having a S. aspect ; at distances of 
8 ft. apart ; and to water well, especially with water containing abundance of lime, as in the native 
haunts of the plant. 

St. Ignatius’ Beans (Fe., F^es de St. Ignace, Noix Isagur ; Gee., Ignatiusbohneri ). — ^The 
seeds of Strychnos Ignatii (S. Philippensis, Ignatiana Philippinica) are sometimes used in the same 
way as Nux-vomica, but especially when cheap, for the preparation of strychnine. The shrub is a 
native of the Bisayan group of the Philippines, being remarkably abundant in the islands of 
Samar, Bohol, and Cebu; it has also been introduced into Cochin-China. The seeds are used 
medicinally throughout E. Asia ; they contain about 1 J per cent, of strychnine. They are occa- 
sionally abundant in the English market. The preparation of the alkaloid has been described 
under Alkalies — Organic (see p. 231). 

Sarsaparilla (Fb., Salsepareille ; Gee., SarsapariW). — A preparation of the root of several 
species of Smilax is extensively used as an alterative and tonic. Much doubt still rests upon the 
origin of the drug ; the plants to which it is attributed are natives of the swampy forests of tropical 
America, from S. and W. Mexico, southwards into the N. part of S. America. In the absence of 
any botanical classification of the plants yielding sarsaparilla, the varieties of the drug itself may 
be grouped according to their peculiarities. They are usually distinguished as “mealy” and 
“ non-mealy,” the former containing much starch, the latter but little. The chief kinds of the 
first class are (1) “ Honduras ” ; shipped from Belize, in bales secured by hides and iron bands, 
and made up of rolls 30 in. long, and 22-4 in. thick, bound with roots. It was noticed in great 
abundance in the district just explored by H. Fowler, Colonial Secretary. The wholesale value of 
this variety is about Is.-ls. id. a lb. In 1878, Guatemala exported over 136 quintals (of nearly 
2 cwt.), nearly aU of which went to Belize, and 4 quintals direct to England. (2) “ Guatemala”; 
a kind much resembling the preceding, except in having a more pronounced orange colour ; 
it is packed in the same way. (3) “ Brazilian,” “ Tara,” or “ Lisboa ” ; packed in tight cylindrical 
rolls, 3 ft. long and 6 in. thick, the ends shaved off, and the whole oound by a plant stem ; formerly 
appreciated in England, but now seldom met with; it is probably furnished by 8. papy’racea. Of 
the non-mealy descriptions, the most important are:— (1) “Jamaica”; the bulk of the drug 
shipped under this name is collected in the Cordillera of Chiriqui, Isthmus of Panama, where the 
plant grows at altitudes of 4000-8000 ft. ; the roots are gathered by the natives, and brought down 
to Boca del Toro, on the Atlantic coast, for shipment. Being 6 ft. and more long, they are doubled 
up in bundles 18 in. long and 4 in. thick, and tied with long rootlets of the same plant. This is 
the most esteemed variety in English commerce, and is worth 15-19d. a lb. A well-prepared 
form of the drug, grown in Jamaica, is much paler and more mealy than the commercial “ Jamaica ” 
sarsaparilla, and is not esteemed. The exports of this, iu 1871, were 1290 lb. (2) “ Guayaquil ” ; 
differs widely from the foregoing kinds, and is roughly packed in large bales. It is a coarse 
kind, and usuaUy has the rhizome attached. It is collevted in the valleys that open on the plain 
on the W. side of the Andes, especiaUy in Alansi; it is very fertile, sometimes yieldin-^ 75 lb. of 
the wet drug from one plant. It is second in value to “Jamaica,” and fetches about 13-16d 
a lb. In 1878, Guayaquil exported 371 quintals (of nearly 2 cwt.), valued at 5561 (all to 
England) ; and, in 1877, 224 quintals, valued at 3361. (3) “ Mexican” ; shipped from Vera Cruz, 
in straight bundles about 3 ft. long ; it is probably yielded by S. nudica, on the E. slopes of the 
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Mexican Andes, where it is gathered throughout the year, and sun-dried. It is slender, without 
rootlets, and has the rhizome attached. 

The collectors of sarsaparilla are guided in their choice of the plant by three characteristics : — 
(1) Many stems from a root ; (2) prickles closely set ; (3) leaves thin : the first is essential, a 
species with few stems do not yield roots worth digging for, while the others have at least three 
long roots, radiating horizontally. The uncovering of the roots is performed by scraping away the 
earth by the hand and a pointed stick ; when all are laid bare, the largest are cut off near the 
crown, and a few slender ones are left to aid in the regeneration of the plant ; the stems are cut off 
near the ground, and a little earth and dead leaves are heaped over the crown, which soon sends up 
new shoots. The yield of a 4-years’ plant may be 16 lb., but a well-grown one may give 32-64 lb. ; 
cutting may be renewed in two years, but the yield will be less, and the roots mo.re slender and 
less starchy. The dried root has little odour, but emits a very perceptible one on boiling ; the 
flavour is earthy. 

Indian Sarsaparilla, or Ndnnari-root. — This drug, which has no affinity to the preceding, 
is furnished by Hemidesmus Indicus {^Periploca Indica^ Asclepias Fsetido-sarsa), a twining shrub of 
India and Ceylon. The drug is said to be alterative, tonic, diuretic, and diaphoretic, but it is 
seldom used in England, and that which reaches here is often of very bad quality. The root has 
a loose, cracked bark ; its odour is agreeable, recalling that of melilot. 

Sassafras (Fr. and Geb., Sassafras). — The root of Sassafras officinalis (^Laurus Sassafras) is 
accounted sudorific and stimulant, and is prescribed with sarsaparilla and guaiacum. The tree is 
a native of the W. hemisphere, from Canada to Missouri and Florida, attaining its greatest growth 
in the middle and southern states, while in the northern it is little better than a shrub. The roots 
are dug up by the aid of levers, and sent in great quantity to Baltimore, which is the entrepot for 
a circuit of 300 miles. The drug is imported in large branching stumps, 6-12 in. thick, and often 
including much of the inert trunk-wood and its bark. The value is about 9-lls. a cwt. The wood 
of the root is usually rasped up for sale ; the bark is a separate article of merchandise, little used 
in England. The root-wood yields 1-2 per cent, of volatile oil ; the root-bark, twice as much (see 
Camphor ; Oils). Among the other members of the same order, whose barks possess a sassafras 
odour, may be mentioned : — (1) Mesphilod iphne Sassafras, of Brazil ; (2) An undescribed species of 
sassafras of India and Burmah ; (3) Atherosperma tnoschata, of Australia ; (4) Dorr/phora Sassafras, 
Australia. 

Sassy, fiCancona, or Casca Bark. — The bark of Erythrophlaum Guineense is a powerful 
ordeal poison used on the W. coast of Africa. It causes intense and prolonged sickness and 
debility, and, in large doses, death. In small doses, it strengthens and retards the action of the 
heart. The bark is abundant, but rarely imported, as there is no demand for it. It is thick, 
heavy, with a smooth inner surface, and of a reddish tint. It contains an alkaloid called erythro- 
phlceine. 

Scammony (Fr., Scammmee; Ger., Scammonium). — 582 

The juice which exudes from the cut surface of the roots 
of Convolvulus Scammonia is employed as an active cathartic, 
generally with calomel and colocynth. The plant inhabits 
waste spots in the E. and N. parts of the Mediterranean 
basin, from Syria, through Greece, to S. Russia, but is un- 
known in the W. regions. Commercial supplies of the drug 
are obtained almost exclusively from Asiatic Turkey, within 
the area comprised by Brussa, Boli, Angora, Macri, and 
Adalia, and eopecially from the valley of Mendereh, and 
the districts of Kirgagatsch and Demirdjik in the neighbour- 
hood of Smyrna. Small quantities are produced also near 
Aleppo, and from the valleys and wooded hills around Mount 
Carmel, and the Lake of Tiberias. The plant flourishes 
best among juniper, arbutus, and wild valonea bushes, which 
afford it support and shelter. Scammony produced in hilly 
regions and on poor soil possesses the strongest odour ; that 
collected on rich and marshy ground contains more water, 
and, when dried, becomes gre 3 rish-black and of less specific 
gravity. The drug is gathered by the peasants, in sum- 
mer, while the plants are in flower. Th| soil is removed 
from the root to a depth of 3-4 in., the latter is then severed obliquely at about 1-1 J in. below the 
crown, and a mussel-shell is placed to catch the escaping juice, as shown in Fig. 582, and is 
protected on the windward side by a large stone. The sap flows freely at early morning and 
late evening ; the shells are usuaUy collected at the latter time, when the cut surface is scraped, 
to remove any concretions of the juice, which may have formed after the first flow. Such con- 
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cretions are termed “ cream,” whUe the fluid drug is called “ milk ” ; dust and dirt are carefully 
blown from both kinds, which are then placed in copper vessels, and the whole is thoroughly 
incorporated, by stirring with a knife, till its consistence enables it to form strings when run off 
the knife. Excessive dryness is corrected by adding water, but this may only be done in 
the hottest part of the day. It is then left in the sun to dry. During this process, it ferments, 
and becomes bubbly, and of a dark or blackish colour. The product is pure scammony. The 
yield of the drug varies with the age and situation of the root : — a fourth year’s plant in g(X)d 
soil may give 2 dr. (and rarely up to 12 dr.); in some districts, the average is 1 dr. a root; in 
others, 100 roots produce only 10 dr. If allowed to remain in the shells, the scammony is a 
golden-brown, transparent, gummy-luoking substance. In this state, it is used by the peasants, 
but never exported. 

The article prepared by the Greeks is much superior to that of Turkish manufacture. The 
former does not exceed 7 cwt. yearly, and is sold at a high figure to a few who know its value. 
It is placed in a room with open windows, but excluding the sun ; it is spread on sheep-skins, and 
turned at intervals ; when nearly dry, it is broken up, left for a few days longer, and packed in 
cases of about 30 lb. each for export. The best samples of the dry drug occur in flat pieces, 
j-l in. or more in thickness, and 3-6 in. in diameter, the surface covered with a greyish powder, 
produced by attrition ; the fractured surface is shining, with numerous small air cavities, the 
splinters looking white at the edges, but reddish by transmitted light. This is known in English 
commerce as “ virgin ” scammony. It contains 80-90 per cent, of resin, but no starch, and should 
become milky when wetted by the tongue. Even virgin scammony is sometimes mixed with 
inferior specimens, and is therefore carefully picked over after purchase by wholesale druggists in 
this country, the purest pieces being sold in the entire state, and the inferior apparently used for 
producing the powdered scammony, since powdered scammony generally contains starch. Aleppo 
scammony is inferior to that of Smyrna. 

The second in quality is that collected by Turkish peasants. After cutting the roots, they 
frequently puli them up, and subject them (sometimes with stalks and leaves) to a pounding and 
boiling, and this decoction, freed only from the coarsest impurities, is added to the natural 
exudation. The instruments used are hollowed pumpkins, skins, and earthen pots. The product 
is black, heavy, and impure; beyond this, it is commonly adulterated, by the addition of 10-150 
per cent, of very finely powdered and sifted chalky earth, while the scammony is liquefied by 
water. This form of the drug is bought up by Jews and Greeks, and thrown promiscuously, in its 
fresh state, into cotton bags, which are then placed in drums, and sent to Smyrna. Here it often 
lies until it is mouldy, porous, and dull ; it is turned out, and broken up to dry. This mixed 
article is sold in London as “ skilip,” or inferior scammony. It contains usually 10 per cent, of 
resin. This kind is chiefly exported. 

Several other qualities are prepared by the dealers in Smyrna and Angora, and in the interior. 
One of the latter kind consists in the addition of wheat starch, wood ashes, earths, gums (arabic or 
tragacanth), wax, flour, rosin, roots, and leaves of scammony, &c. The adulterated compound is 
dried in lumps, put into drums, and covered with a layer of the nearly pure drug; it is largely 
exported. A kind prepared at Angora with 60-70 per cent, of starch, is sent to Constantinople, 
and finds a ready sale in Austria. Two kinds are prepared by Smyrna Jews for the British market 
in particular: — (1) “First quality prepared” is made by mixing a quantity of the country 
adulterated drug with about 40 per cent of the inferior Angora ; the whole is pounded, and placed 
in warm water in a shallow iron dish, which rests in a larger dish half-filled with water and set 
over a charcoal fire. Amalgamation ensues in about J hour, when the mass is turned out on a 
sheep-skin, and rolled by hand till cold. It is then made into cakes, washed over with a solution of 
pure scammony to create a gloss, and dried in au airy room. (2) “ Second quality prepared ” is 
composed of about 60 per cent, inferior Angora, 30 per cent, fair Smyrna, and 10 per cent, gum 
arabic and graphite. The persistent adulteration of the drug necessitates its being sold only by 
analysis, which fortunately is a very simple matter. Of late years, considerable quantities of the 
dried root have been imported, and the resin extracted by alcohol in this country. Tlie resin so 
prepared does not become milky when wetted. Since 1870, resin extracted from the root by alcohol 
has been exported from Brussa. The root is in large pieces, 1 ft. and more long, and 3 in. in 
diameter, twisted, pale-brown externally, and white and starchy internally, with resinous streaks. 
Probably the whole yearly production of the pure drug does not exceed 30 cwt. ; it is increased 
by adulteration to about 75 cwt. 

In 1872, Smyrna exported 185 cases, value 61001. Ii»,1873, Aleppo despatched via Alexandretta 
to England 46,500 kilo, of the root, and 900 kUo. of the resin. “ Virgin ” scammony is quoted at 
23-25s. a lb. ; “ second and ordinary,” at 8-20». 

Senega, or Seneka (Fb., Polygala de Virginie; Geb., 5'e«c5a)._The root of Polygala Senega is 
used as a stimulating expectorant and diuretic, in bronchitis, pneumonia, asthma, and rheumatism 
The plant is a native of the Kew World, from the River Saskatchewan to Virginia N Carolina 
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Georgia, and Texas, bnt not in the Eoeky Mountains, frequenting rocky, open woods, and plains. 
It has become rare in the E. States, and the drug is now gathered chiefly in Minnesota and Iowa. 
It has a short, brittle fracture, peculiar rancid odour, and very acrid sourish flavour; when 
disturbed, it emits an irritating dust, which excites violent sneezing. The rootlets are richest in 
active principle. It is highly valued in America. Its price in London varies from Is. 9(i. to 3 . 
a Ih. The roots of Asclepias Vincetoxicum have been found mixed with it in large quantity of late 
years. It has an evident pith, and more rootlets, and has not the acrid taste of senega. 

Senna (Fb., Sene; Geb., Sennes ). — The leaves of two species of Cassia are very widely used as 
a purgative. The species are : — (1) C. acuiifolia, indigenous to many parts of Nubia — as Sukkot, 
Mahas, Dongola,and Berber — Sennar, and Kordofan, as well as Timbuctu, and Socoto ; it yields 
“ Alexandrian ” senna. (2) C. angustifoUa, abundant in S. Arabia — Yemen and Hadramaut — also 
in Somali-land, Sind, and the Punjab (in the two last, it is cultivated) ; the wild (Arabian) plant 
3rield3 “ Bombay ” or “ Mocha ” senna, and the cultivated (Indian) plant, “ Tinnevelly ” senna. 
The Nubian peasants collect two crops of senna-leaves annually : the first and chief harvest takes 
place after the rains (September) ; the seooud, and very insignificant, during the dry season (April). 
The operation consists in felling the shrubs, and placing them to dry on the scorching hot rocks. 
When dry, the leaves are packed in bags of palm-leaf, holding about 1 quintal (nearly 2 cwt.), 
sent by camel caravans to Darao and Es-souan, and thence by water to Cairo. Some “ mountain 
senna” (C. aciitifolia') is said to pass via Massowa and Suakin to Cairo and Alexandria. 
“ Indigenous,” or “ wHd,” senna (C. obovata) grows in the durra-fields; but it was never esteemed, 
and is only rarely imported from Tripoli. Within the last few years, some fine cultivated samples of 
this senna have been received from Barcelona. To return to the commercial varieties — Alexandrian 
senna arrives in large bales ; latterly it is found in very fair condition, but formerly it was always 
dirty, and mixed with stems, flowers, stones, and the leaves, flowers, and fruits of Soleiuisiemma Argel; 
the latter was, indeed, deliberately added, and found favour with some, but as the leaves occasion 
griping without purging, they should be avoided — the leaves are easily distinguished from senna 
by their minutely wrinkled surface. The value of this kind varies between 3§d. and Is. &d. a lb. 
“ Bombay,” “ E. Indian,” “ Arabian,” or “ Mocha ” senna, is collected in S. Arabia, and shipped 
from Red Sea ports to Bombay, and thence to Europe; it is of very low quality, chiefly on 
account of careless preparation, as it is not adulterated ; its value is i-2 Jd. a lb. “ Tinnevelly ” 
senna is a superior and carefully prepared drug, shipped from Tuticorin (S. India) ; its price is 
IJd.-ls. fid. a lb. 

Very fine senna has been grown in Rockhampton, Australia ; and it is confidently stated that 
the culture of the plant might be profitably undertaken in the fem-tree ranges of Victoria. 

Snake-root (Virginian), or Serpentary (Fb., Serpentaire de Virginie; Geb., Schhngen- 
imirzel). — ^An infusion or tincture of the root of Aristolochia Serpentaria is prescribed as a stimulating 
tonic and diaphoretic, generally with cinchona ; it is not now used against snake-bite. The plant 
is a native of the New World, growing in shaded forests, from Indiana and Missouri to Virginia and 
Florida, especially in the Alleghany and Cumberland ranges. The root has a dull-brown colour, 
an aromatic odour, and a bitterish-aromatic flavour. It is imported in bales, casks, and bags, from 
Boston and New York ; its value is about 10d.-l». a lb. The roots of Spigelia MarUandica and 
Cypripedium pubescens are sometimes accidentally mixed with it. 

Snake-boot (Texan, ob Red Riveb). — Under this name, has been imported considerable 
quantities of the slightly larger root of A. reticulata, which takes the places of the preceding species 
in all districts S.-W. of the Rocky Mountains. The drug is collected in Louisiana and Arkansas. 
It is this kind which is principally met with in English commerce. It differs from the last in the 
rootlets being perfectly smooth. 

Snake-boot (Black), Black Cohosh, ob Bcgbanb. — A tincture of the root of Cimicifuga 
(Actcea') racemosa is used in rheumatism, dropsy, phthisis, and bronchitis, and externally for 
reducing inflammation. The plant is abundant in woods in the W. hemisphere, as far S. as 
Florida. The drug has a blackish-brown colour, a bitter-acrid, astringent flavour, and a heavy 
narcotic odour. In appearance, it closely resembles black hellebore root, but is less branched, and 
has more marked transverse scars. 

Squill (Fb., Scille, Ognon marin; Geb., Meerzmd)eV). — The roots of Urginea maritima (^Scilla 
mdritima, Urginea Scilla) are commonly used as a diuretic and expectorant. The plant is distributed 
throughout the Mediterranean basin, e. g. S. France, Portugal, S. Spain, Italy, Sicily, Dalmatia, 
Greece, Asia Minor, Syria, and N. Africa, as well as in the islands generally. The bulbs are 
distinguished as “red” and “ white,” but possess no difference whatever, save in the matter of 
colour. The red, however, is most esteemed. They are gathered in August, when leafless, and are 
freed from the dry outer scales, cut across into thin slices, and sun-dried. The drug has a duU- 
yeUowish, or roseate, colour, according to the variety ; when dry, it is brittle, and easily powdered. 
Its value is about l-6d. a lb. In Greece, attempts have been made to manufacture alcohol, by 
fermenting and distilling squill. The bulbs of several other plants occasionally usurp the place of 



826 


DEUGS, 


squill, though not in European markets; they are chiefly: — (1) U. altissima {Omithogalum altis- 
simnm), of S. Africa, equally effective ; (2) U. (^Scilla) Indica, of N. India, the Coromandel Coast, 
Abyssinia, Nubia, and Senegambia, a poor substitute ; (3) Scilla Indica (Ledeboiiria hyacinthina), of 
India and Abyssinia, a superior representative ; (I) Drimia ciUaris, of the Cape, known as “ Itch- 
bulb,” and used as emetic, diuretic, and expectorant; (5) Crinum Asiaticum {toxicarium), of India, 
Ceylon, Moluccas, &c., a valuable emetic. Squill is imported from Malta, packed usually in casks. 

Stavesacre (Fa., Staphisaigre ; Ger., Stephanskomer, Ldusesamen'). — The seeds of Delpitinmm 
Staphisagria, reduced to powder, or made up in an ointment, are largely used for the destruction of 
pediculi on man and animals. The herb is indigenous to Italy, Greece, and Asia Minor, affecting 
waste and shaded spots, and is now found generally throughout the Mediterranean basin, and in 
the Canaries." It is cultivated in Puglia (Italy), and near Nimes and Montpellier (S. France) ; our 
imports are principally from, Trieste and S. France. The approximate value of the seed is 50s. 
a cwt. 

Storax. — The balsam known as “ Liquid storax,” is an old-fashioned remedial agent, now 
applied externally in scabies. (See Resinous Substances.) 

Stramonium, or Thorn-apple (Fe., Stramoine ; Gee., Stechapfel). — The leaves of Datura 
Stramonium are smoked (like tobacco) for the relief of asthma ; the seeds are used, in the form of 
extract or tincture, as a sedative or narcotic. The plant is now met with as a weed in almost all 
temperate and subtropical regions ; in the neighbourhood of London, it is occasionly found in rich 
waste land, and is cultivated at Mitcham. For medicinal application, the whole plants are 
uprooted ; the leaves and young shoots are stripped off, quickly dried, and broken or cut into short 
pieces. The odour of the dry drug is pleasant and tea-liko ; its flavour is bitterish saline. The 
closely allied species D. Tatula, native of America, is naturalized in S.-W. Europe, and flourishes 
like the preceding. It has similar properties. The seeds and leaves of D. alba and D. fastuosa, 
natives of India, and garden-plants in S. Europe, are oflicinal in India. The approximate value of 
the leaves is 6d. a lb. ; of the seed, 9d. 

Sumbul, or Musk-root (Fb., Sumhul; Gee., 3Ioschu$).—A tincture of the root of Ferula 
CEuryangium) SuMul is prescribed as a stimulating tonic and antispasmodic. The plant is found in 
the Maghian mountains, near Pianjakent in N. Bokhara, and in the coast province of the Amur. 
The root occurs in commerce in slices 1-5 in. wide, and 1 in. thick. The so-called “ Bombay 
sumbul,” or Boi, is the root of Dorema Ammoniacun. (See Resinous Substances— Ammoniacum). 

Tamarinds.— The fruit of Tamarindus /ndica is mildly laxative, and is a constituent of Confectio 
Seniue. (See Fruit.) 

Taraxacum, or Dandelion (Fb., Pisserdit ; Gee., XSwcnzaAn).- The root of Taraxacum 
officinale ( T. Dens-leonis, Leontodon Taraxacum) is largely used as a mild laxative and tonic, especially 
in liver complaints. The plant is a native of the whole of Europe, N. and Central Asia, and 
N. America. In England, the root is gathered for extracting in November, the juice then yielding 
the best and most abundant product. Bentley says, however, that it is more bitter in March, and 
most in July, and that these seasons should be chosen for collecting it. The drug is very subject 
to attacks by maggots, and should not be kept longer than 1 year. It is sometimes adulterated with 
roots of the common Hawkbit {Leontodon hispidus). The approximate market value is 72s a cwt 

Valerian (Fb., Valeriane ; Ger., Baldriany.—The root of Valeriana officinalis is used as a 
stimulant and antispasmodic. The plant inhahits the whole of Europe, N. Asia as far as the coast 
of Manchuria, and several of the United States. It is grown (partly cultivated) in considerable 
quantities in the villages of Ashover, Woolley Moor, Morton, Stretton, Higham Shirland Pilsley 
Wingfield, and Brackenfield, all in the neighbourhood of Chesterfield, Derbyshire the yield from 
which was 6 tons in 1872. Very much larger quantities are produced around Ciilleda near 
Leipzig; the plant is grown to some extent also in HoUand, Vermont, New Hampshire and New 
YoA. Propagation is effected by ^parating the young plants, developed at the end ’of runners 
springing from the root-st^k. The fresh root is inodorous, but acquires its characteristic odour by 
^ing ; Its flavour is bittensh-aromatic. Of late years, a kind of valerian root has been imported 
from Japan under the name of Kesso, and is believed to be the produce of Patrinia scahioLolia ; 
it IS powerfully odorous. The approximate market value of valerian is 100s. a cwt. 

■Wahoo Bark.-The bark of Evon^m atropurpurens, used in the United States, contains a 
pnnciple termed euonymme, recently introduced into this country as a cholaeoEue The root hart 
is said to be more powerful than the stem-bark ; the former is whitish, with a^mewhat nauseous 
odour ; the latter occurs in long quiUs, and is greenish when the outer surface is scraped 

Wormseed (Fb., Semen^ontra, Semencine, Barboiine ; Gee., Wurmsamen, ZitxeZmen) -The 
^wer heads of Artemism maritima {Lerchea^) ara largely used for their anthelmintic properties. 
The plant is found m saline soils, throughout the N. half of the Old World, as in Great Britain on 
the shores of the Baltic, France, and the Mediterranean, in Hungary and Podolia m S R^issr’the 
Caspian, Central Siberia, and Chinese Mongolia. The variety which chiefly akrds the drL is 
most abundant on the Don and the Lower Volga, and in the Kirghiz Steppes ; in the last-named 
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district, it is gathered very extensively, and introduced into commerce through the annual fair at 
Nishni-Novgorod. The best samples of the drug contain only unopened, whole flower heads, so 
tiny that 90 equal about 1 gr. ; in inferior samples, occur fragments of stalks and leaves. In 1864, 
St. Petersburg imported about 11,400 cwt. of the drug, from the Kirghiz deserts, via Semipalatinsk 
and Orenburg. Barbary wormseed, which is rarely seen now in the London market, differs from 
the Eussian drug in being minutely hairy, and largely mixed with fragments of stalks. It is not 
known to contain santonin. It is supposed to be the produce of A. glomerata. The approximate 
market value of wormseed is Sd. a lb. 

Bibliography . — ‘ Chemist and Druggist ’ (London : 1859) ; Loll dey Kanny, ‘ Indigenous Drugs 
of India’ (Calcutta: 1867); J. McNab, ‘Propagation of Ipecacuanha’ (Edinburgh: 1870); 
H. Drury, ‘Useful Plants of India’ (London: 1873); Tison, ‘Histoire de la Feve de Calabar’ 
(Paris ; 1873) ; D. Hanbury, ‘ Science Papers ’ (London : 1876) ; G. King, ‘ Manual of Cinchona 
Cultivation ’ (Calcutta : 1876) ; T. Christy, ‘ New Commercial Plants ’ (London : 1879) ; Fliickiger 
& Hanbury, ‘ Pharmacographia ’ (London : 1879) ; Bentley & Trimen, ‘ Medicinal Plants ’ (London : 
1880) ; ‘ Pharmaceutical Journal ’ (London : monthly). 

(See Alkalies — Organic ; Dye-stuffi ; Fruit ; Narcotics ; Nuts ; Oils ; Eesinous Substances ; 
Spices; Timber.) 

DYEING AND CALICO - PRINTING (Fk., Teinittre, Impression; Gbk., Farberei, 
Zeugdtruckerei), 

These terms are used to signify the arts of producing at will colours upon textile fabrics, 
whether of animal or of vegetable origin. “ Dyeing,” in the strict sense of the word, is confined to 
those operations by which loose fibre, yams, or woven goods, are made to assume some uniform 
colour. “ Calico-printing,” or, as it may be more properly called, “ tissue-printing,” is the produc- 
tion upon yams or cloth of designs of two or more colours. Patterns in different colours may, how- 
ever, be obtained by simple dyeing, in the case of tissues composed of more than one kind of 
fibre, such as wool and cotton, or silk and cotton. In virtue of certain specific properties, to which 
reference will be made below, animal and vegetable fibres take up colours in a very different manner, 
BO that if a design be produced in such mixed fabrics by the art of the weaver, it will, if skilfully 
dyed, exhibit such a design in different colomrs. 

The arts in question are based on the power of organic fibres to absorb colouring matters, and 
to retain them with a greater or less degree of persistence. This absorption is now considered to 
be mainly physical, rather than chemical, in its nature, and to depend on the presence, in each 
fibre, of innumerable pores, too small to be recognized even jby the microscope, into which the 
colour penetrates, and where it is held by means of surface attraction. Chemical affinity plays, 
however, an undeniable part. Thus, if we place in a solution of magenta, or of picric acid, a piece 
of mixed cloth, say of wool and cotton, the woollen threads wiE be fully and permanently coloured, 
whilst the cotton threads will either remain entirely white, or at most exhibit a slight stain, 
which is easily removed by rinsing in cold water. The affinity of colouring matters for animal 
fibres — wool, silk, &c., is, with very few exceptions, much stronger than for vegetable fibres — cotton, 
linen, jute, hemp. Hence yarns and cloths of vegetable matter are decidedly more difficult to dye. 

It has been long ago observed that certain colours combine with textile fibres very readily on 
mere contact. Thus the majority of the aniline colours are at once absorbed by wool and silk, and 
carthamine, the red colouring principle of safflower, is quite as readily taken up by cotton. Such 
colours are known as “ substantive colours.” The majority of colouring matters, however, do not 
thus combine with the fibre, but require the intervention of a ‘‘ mordant,” i. e. a body which 
possesses an attraction, physical or chemical, both for the fibre and tor the colour, and thus enables 
the two to unite. 

The selection and use of these mordants is, therefore, a most essential part, both of the theory 
and the practice of dyeing. For the most part, they consist of metallic salts, such as the sulphate, 
nitrate, and acetate of alumina, and its double sulphate, commonly known as alum ; the proto- and 
per-chlorides of tin (stannous and stannic chlorides) ; the so-called nitrate of tin ; the sulphates, 
nitrates, and acetates of iron, and their mixtures; the sulphate of copper (blue stone or blue 
vitriol), and the acetate of copper (verdigris) ; the nitrate and acetate of lead ; the chloride and 
tartrate of antimony. There are also compounds extensively used as mordants, in which a metallic 
oxide plays the part of an acid, in combination with soda or potash. Such are the stannate 
aluminate, and plumbate of soda ; and, above all, the chromates of potash. 

The bitartrate of potash, commonly knowi^ as tartar or argol, likewise plays an important part 
in mordanting woollen goods, though its action is by no means perfectly understood. The above- 
mentioned bodies, if mixed, in a state of solution, with e. g. the decoction of a dye-wood, precipitate 
the colouring matter more or less completely, leaving the Uquid clear. These precipitates are 
called “lakes,” and are supposed to be produced in the pores of the fibre, if the latter be saturated 
first with the mordant, and then immersed in a solution of a dye. 
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The above-mentioned metallic mordants do not merely mediate the absorption of the dye, bnt 
modify the shade produced, rendering it purer and brighter, as well as faster. Hence their use is 
often needful, even in the case of substantive colonrs. 

Two mordants of a different class have recently been discovered, and promise to become of 
great practical value. The first of these is gelatinous silica, which will open out quite a new era, 
especially in the fixing of aniline colours upon cotton. All that is needed is to pass the yams 
through a solution of silicate of soda, the so-called soluble glass, the more neutral the better, 
provided it retains its solubility. The yarns are steeped in a dilute acid, so as to precipitate the 
silica upon the fibre. After careful washing, they are plunged into the dye-beck, where they 
rapidly take bright, full colours, which are decidedly faster than those obtained with the various 
mordants previously known. The other new mordant, — also, it is believed, primarily due to Prof. 
Eeimann, of Berlin, — is finely divided sulphur. The yarns, either woollen or cotton, are boiled in 
hypo-sulphite of soda, along with, or followed by, very weak sulphuric acid. Sulphur in a state 
of very fine division is thus deposited upon the fibre, and acts as a mordant, not merely for the 
aniline greens, but also for magenta, the violets, phosphine, &c. 

There still remain the organic mordants. If vegetable fibres be coated with certain animal 
products, such as albumen (whether obtained from eggs or from blood), dissolved caseine 
(lactarine), gelatine, &c,, they assume superficially the characters of wool or silk, and absorb a 
great variety of colours in the same manner as animal fibres do. These animal mordants play 
a more important part in calico-printing, than in dyeing. The so-called “ oil-mordants ” or 
“ emulsive oils,” originally introduced in Turkey-red dyeing, are found very widely applicable in 
fixing refractory colours upon vegetable fibre, and giving them a more permanent character. 
Further details concerning mordants, and instructions for their manufacture, will be found in a 
separate article — Mordants. 

The tendency of the art of dyeing is all towards simplification. Pure colouring-matters, such as 
alizarine, are employed, instead of crude vegetable or animal products, and thus a great saving of 
time and of labour is effected. 

Cotton-Dyeing.— Cotton, like all vegetable fibres, is more easily injured by acids than is 
wool. Consequently, neither mordants nor colours of a strongly acid character can be employed; 
otherwise the goods will be corroded, and the colours will fail to be duly absorbed. The solutions 
employed must be very feebly acid, neutral, or even alkaline. Another important feature is the 
temperature at which cotton is dyed. Wool almost invariably requires a boiling-heat ; but cotton, in 
the majority of cases, is worked in the cold, or at a “ hand-heat,” i. e. at about 32°-38° (90°-100° P.). 
Cotton is most extensively dyed in the state of yam, but a large quantity is also dyed after being 
woven (see Cotton Manufactures). This especially relates to the mixed fabrics, known as Brad- 
ford goods, the warps of which are cotton, and the weft worsted. The perfection of cotton- 
dyeing is to produce on these warps the same tone and depth of colour as are found on the worsted, 
so that the entire piece may appear level, and free from any cheeky character. 

It will now be convenient to give a series of approved recipes, for producing the principal colours 
upon cotton, selecting such processes as may best illustrate the resources of the modern dyer and 
having especial regard to the recently discovered tinctorial substances ; — 

Blacks : (1) Fast Black (for 110 lb. cotton yam or cotton wool).— Solid extract of logwood, 8| lb. ; 
catechu, 5 lb. 10 oz. Boil up together. BoU the yam in the decoction for 1 hour, steep in the cold 
liquid for 24 hours ; raise to a boil again ; lift, and air overnight. 

Dissolve in sufficient fresh water, 24i oz. chromate of potash, and the same weight of Hue vitriol, 
and work the cotton in this for J hour. Lift, drain, and dissolve 2f lb. soda ash in the cold logwood 
liquor. Heat to 87° (139° F.), re-enter the cotton, work for 15 minutes, and rinse. This colour 
bears washing and milling, and does not smear whites. 

(2) Aniline Black (for 100 lb.).-Mix 6 lb. 9 oz. aniline oil with 8 lb. 12 oz. hydrochloric (muriatic) 

acid at 32° Tw. Let cool, and add solution of 4 lb. 6 oz. chlorate of potash in 66 parts water and 
finaUy add 43} pints of a solution of chloride of iron at 32° Tw. Steep the bleached yam for 8-10 
hours in the liquid, which must previously be diluted with water at about 38° (100° F.); take out, 
aud place it in a solution of soda at 23° Tw., to neutralize the excess of acid. Wash, and steep for 
J hour in a beck, made up with 66 pints of water and 7 oz. chromate of potash at atout 45° (112° 
F.). This treatment prevents the dye from subsequently turning green. Wash, and pass the 
yam through a mixture of 17i oz. emulsive oil (such as is used by Turkey-red dyers) 2 lb 3 oz 
potash, and 66 pints water. Dry at once. J • 

(3) Aniline Black for Cotton Tams (De Vinant’s process).— The cotton yam, well boiled out 
receives 7 turns in a beck, made up with 7 oz. sulphate of copper for every 2 lb. 3 oz of yarn dis- 
solved in water slightly soured with muriatic acid; it is then weU wrung out. It next receives 5 
turns in water at 50° (122° F.) containing If oz. sulphide of sodium per 35 fl. oz. of Uquid and is 
again rinsed. It then has 7 turns in a beck of 17| pints water, 6} oz. of chlorate of potash ’ and 5’’- 
oz. sal-ammoniac, alt dissolved by the aid of heat, and mixed with 16i oz. muriate of aniline It 
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is then stretched ont very regnlarly in a drying-ioom, and kept for 48 hours at 25° (76° F.). 
Lastly, it receives 4 turns in water containing 15J gr. bichromate of potash per litre, at 30° (86° 
F.), and is then well washed, "and dried. If the black has a foxy tone, take through 87 qts. of 
cold water, to which has been added 35 fl. oz. hleaching-liqnor at 8° Tw. Without great care, the 
blacks produced by this process are cloudy. 

(4) AniliTie Black with Vanadium (Pinckney’s patent). — Take muriate of aniline, 150 parts ; salt of 
vanadium, ^ part; chloride of nickel, 20 parts; chlorate of potash, 100 parts; water, 2500 parts. 
The yams may be steeped in a mixture of these substances, and may be died either hot or cold. In 
subsequent practice, the chloride of nickel has been found unnecessary, and the salt of vanadium 
admits of a great reduction in quantity. 

(5) Aniline Black. — Scour well, and for eacfi 1 lb. of cotton yam, take 3^ oz. sulphate of copper, 
dissolved in water made very feebly acid with spirits of salt (muriatic acid). Give 7 turns, and 
wring well. Dissolve J lb. hydrosulphide of soda per gal. of water, at 49° (120° F.), give 5 turns, 
and wash well. Dye cold in chlorate of potash, 3 oz. ; sal-ammoniac, 3 oz, ; muriate of aniline, J 
lb. ; dissolved in sufBcient water. Give 7 turns quickly, wring well, and beat. Hang up evenly at 
25° (77° F.) for 48 hours, and raise to 29° (84° F.). Take through either bichromate, or weak s^a- 
lye ; wash well. If reddish when dry, take through very weak chloride of lime liquor. 

(6) Fast Black (for 60 lb. yam). — Take through indigo vat. Then boil 5 lb. logwood extract, 
and IJ lb. blue vitriol; steep yarns in this all night, and work in the morning, in 6 qts. nitrate of 
iron in sufficient cold water. Take through clear lime-water, and wring out. Boil 5 lb. logwood 
extract, J lb. fustic extract. Add this to sufficient hot water ; work yarn in this for i hour ; lift ; 
add 2 lb. copperas ; work again, wash off, and dry. 

Blues : (1) Methyl Blue (30 lb. yam). — Dissolve 4 lb. Glauber salts, 2 lb. alum, in a sufficient 
quantity of water. Dissolve Ij oz. methyl blue (of Meister, Lucius, & Briining), and add it to the 
dye-beck. Enter yam at 43° (110 F.), turning rapidly, and dye to shade, raising the temperature to 
49° (120° F.). 

(2) Light Blue (50 lb. bleached yam). — Dissolve 3 lb. alum, 3 oz. tartaric acid, and i oz. “ water- 
blue 6 B ” (Berlin Aktien Gesellschaft fiir Anilin-Farben). Enter yams at 43° (110° F.), turn 
rapidly, and raise the temperature to 54° (130 F.), turning to shade. After the colour has become 
level, another i oz. of the colour, previously dissolved, should be added to the beck. 

(3) Com Flower Blue (.PittacaL). — Prepare the cotton in a cold solution of tannin ; wring, and 
enter into a solution of tartar-emetic. Wring, and enter into a solution of acetate of pittacal, — dis- 
solved in acetic acid, diluted with a sufficient quantity of water, and then almost neutralized with 
ammonia. 

(4) Navy Blue (11 lb.). — Boil 2 lb. 3 oz. logwood, and dissolve in the clear hot liquid 26 oz. curd- 
soap. Steep clear yarn in this liquor for 2 hours at 75° (167° F.). Lift ; add to the beck 26 oz. 
copperas ; re-enter the yams, and work till the colour is even. Wash in cold water, and work in 
a fresh beck, with 17J oz. curd soap, at 62° (144° F.), for 1 hour. Then make up a boiling beck 
with 2J oz. of an aniline blue, soluble in spirit, and 2 lb. 3 oz. red liquor at 13° Tw. Work the 
yam in this at a boil till the desired shade is obtained, and finally rinse. 

(5) Aniline Blue (1 1 lb.). — Boil 2 lb. 3 oz. sumach, or 6i oz. tannin, in water ; filter ; dissolve 17 J oz. 
curd-soap in the clear solution, and enter the cotton over night into the hot liquor. Wring out, and 
make up a beck with acetate of alumina at 3° Tw., to which a clear solution of aniline blue is 
added according to the shade. Enter the cotton, and dye, raising the temperature to a boil for 
some time. 

(6) Methylene Blue. — This colour dyes cotton without a mordant, producing rich blues with a 
greenish reflection, fast against soap and light. It dissolves readily in water. 

(7) Indigo or Vat Blues. — Indigo, being insoluble, cannot be applied to textile fibres by the ordi- 
nary dyeing processes. It requires to be reduced, to so-called “ white indigo,” when it becomes 
soluble, and is in that state deposited on the tissues of yams, where it rapidly resumes its ordinary 
blue insoluble condition, and remains permanently fixed in the fibre. 

In the case of cotton, the indigo vat is generally “ set ” in the following method. To abont 
2000 gal. water, are added 60 lb. indigo, ground to an impalpable powder, 180 lb. slaked lime, 
and 120 lb. copperas. The lime and the copperas are added from time to time. The lime is put 
in first, and the vat is well stirred up before adding the copperas. There must be always sufficient 
lime present to dissolve the white indigo as it is formed. But if too much lime be present, an insoluble 
compound is formed, which renders the indigo useless for dyeing. 

The yarns or pieces are simply steeped in, or rinsed through, the clear liquid of the vat, and then 
exposed to the air, when the greenish colour \hich they take at first is soon converted into a blue. 
The dipping and airing are repeated till the shade is obtained. The goods are then taken through 
very weak sulphuric acid, thoroughly well washed, and dried. 

The vat for dyeing cotton, or any other vegetable fibre, is always worked in the cold. 

An improvement in vat dyeing was invented and patented some years ago, by Schutzenherger and 
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De Lalande. A solution of the bisulphite of soda, at 52°-63° Tw., is placed in a covered vessel, 
containing zinc-clippings, borings, &c., piled up, so as to fill the tank, without occupying more than 
a fourth part of its total contents. After 1 hour’s contact, the liquid is drawn off into a cistern, con- 
taining milk of lime, which decomposes the zinc salts. The clear liquid is then strained off ; soda 
or lime, sufficient to dissolve the indigo, is then added, and it is mixed with the indigo, which must 
be in perfectly fine powder. At once is produced a yellow solution, containing no soluble impuri- 
ties, except the earthy matters which were present in the indigo itself. Access of air is avoided 
as much as possible during this process. In this manner, 2 lb. 3 oz. indigo can be dissolved in 
7J-26 pints liquid. The vat is then filled with cold water, if for cotton, and a suitable amount 
of the indigo solution is added. An excess of the “ hydrosulphite ” is always present, whence the 
blue scum, which, in the common process, is formed on the surface by the action of the air on the 
reduced indigo solution, is almost wholly avoided, the blue indigo being reduced as quickly as 
formed. The dye-liquor thus resists atmospheric action far better than the ordinary copperas vat ; 
and it is free from the inconvenience of always holding in suspension more or less peroxide of iron, 
carbonate of lime, &c., which must be allowed to settle before the vat can be used with advantage. 
By adding to the vat from time to time a little concentrated indigo solution, the strength can be 
maintained at any required point, and thus any given shade may be communicated by the smallest 
number of dips ; the colours thus obtained are also brighter than those of the old process. 

(8) Prussian Blue (10 lb.). — -Take 1 pint muriate of tin, 4 qts. of nitrate of iron (so-called 
blue-iron), and 30 gal. of water. Eun the cloths or yams 4 times through, and wash off. 

Dissolve IJ lb. yellow prussiate of potash (potassium ferrocyanide) in 30 gal. water, and add to 
it J pint oil of vitriol (full strength sulphuric acid). Kun the piece, or turn the yams, 4 times, 
and then raise the colour in a beck of 30 gal. of water, 5 pint nitrate of iron, and \ pint oil of 
vitriol. Wash off, and dry. 

Prussian blues are now almost entirely superseded by the coal-tar blues. 

Bbowhs : (1) Fast Brown (110 lb. cotton yams). — Dissolve 22 lb. catechu, and 2 lb. 3 oz. blue 
vitriol (sulphate of copper) in boiling water ; steep for 1 hour in the boiling hot liquid ; lift, 
drain, and then dye at a boil in 3 Ib. 4 oz. bichromate of potash in fresh water. Einse, and dry. 

(2) Fast Red Brown (11 lb.). — Boil 2 lb. 3oz. good cutch in water; let it settle ; dissolve in the 
clear liquid 3^ oz. blue vitriol. Work the yarns for 1 hour at 100° (212° F.); wring out, and 
make up a fresh boiling beck with 4| oz. chromate of potash. Work for i hour, and rinse. Boil 
3i lb. sumach in water; work the yam in the liquid for J hour at 88° (190° F.); lift ; dissolve in 
the liquid 2| oz. tin crystals. Enter again, work for J hour, and wring out. Make up a fresh beck 
with 2 lb. 3 oz. of peachwood, and 8f oz. alum, and work in this for 1 hour at 37° (99° F.). 

(3) Dark Broum (60 lb). — Boil 18 lb. cutch, and 2 lb. blue vitriol, until dissolved. Add this to 
a hot water ; give 3 turns, and let steep all night. Give 1 turn in the morning, and wring up. 
Dissolve 2 lb. chrome ; add this to a hot water ; give 3 turns, and wring up. Boil 2 lb. fustic 
extract and 2 lb. logwood extract, till dissolved ; add this to a hot water ; give 4 turns, and Uft ; 
add 4 qts. copperas, and give 3 turns more. Wash in cold water, and dry. 

(4) Light Blonde Hair Brown.— BoH 6 lb. cutch, and 6 oz. blue vitriol, till all is dissolved. Add 
this to a hot water ; give the yarn 3 turns ; let steep all night ; give one turn more in the morning, 
and wring up. Add 1 lb. alum to a hot water ; give three turns, and lift. Boil J lb. turmeric and 
i lb. extract of logwood together, and add this to the same liquor. Give four turns; wash in cold 
water, and dry. 

(5) Bismarck Brwxn (100 lb.).— Steep the yarns overnight in a decoction of 20 lb. sumach. 
Wring, and pass into a boiling bath, containing the colour previously dissolved in boiling water. 

For darker shades, pass the cotton from the sumach beck into a cold beck of 6 lb. copperas, 
and let steep for i hour ; rinse, and return to the sumach beck for J hour, and dye as above. 

(6) Cinnamon Brown (10 lb.).— Take through a catechu beck, marking 4° Tw., at a heat of abcut 
82° (180° F.); give about 4 turns. Enter into a chrome beck at 1J° Tw. ; give 3-4 turns, and 
wash. Enter into a water containing 30 gal. fustic liquor; give 3-4 turns, run off, and make 
up a fresh beck with 34 gal. sapan liquor, and i lb. annatto, previously dissolved. Give 3-4 
turns ; lift ; add to the beck 1 gal. alum solution at 8° Tw. ; give 3-4 turns ; lift, rinse and dry. 

(7) Madder Brown (for 10 pieces of 60 yds. each).- Pad the cloth in’ 6 gal. red liquor and 
1 gal. iron liquor, to which about 6 gal. water have been added. Dry, and age for about 24 hours, 
when it is ready for dyeing. Eun the pieces now through boiling water, in which chalk is 
suspended. Wash in the fly, rinse, and enter into a dye-beck of 40 lb. bark, and 20 lb. madder. 
Dye for 1 hour at 77° (170° F.) ; wash, and finish. 

Tams may be dyed in a similar manner. ' 


(8) Chocolate (11 lb.).-Work the yam for i hour at (167° F.) in a beck of 8f oz. prepared 
catechu; lift, and take 5-7 times through a fresh beck at the same heat, made up with 11 oz 
chromate of potash. Lift, and top m a fresh beck with ^ oz. magenta, and 16 gr. extract of 
indigo. 
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(9) Clar.et (It lb. yarns). — Make np a beck with 17i oz. prepared catechu, and work the yams 
in it for 1 hour. Wring, and steep for J hour in a hot beck of 6J oz. chromate of potash ; take 
through cold water, and wash for J hour in a beck of 3J lb. sumach at 88° (190 F.). Dye in a 
cold beck with If oz. magenta, lift, add to the beck 8J oz. alum and the decoction of 2| lb. log- 
wood. Enter again, work in the cold beck; lift, and add, according to shade, from ^to If oz. 
chromate of potash ; re-enter and work to shade. 

Drabs : (1) Light Drab (60 lb). — Boil 6 lb. solid extract of peachwood till dissolved ; add the 
solution to a sufficient bulk of warm water; give the yams 5 turns; lift, and add IJ pints black 
liquor (acetate of iron). Give 3 turns more ; wash in cold water, and dry. 

For a medium shade, the process is similar ; but double the quantity of black liquor is taken. 

For a dark drab, boil 6 lb. cutch till dissolved ; add to hot water, and work the yarns in it 
5 turns. Run off the liquid, and wring out the yams. Dissolve 1^ lb. peachwood extract ; add 
this to a warm water ; work 5 turns ; lift, and add 1 qt. of black liquor ; give 3 more turns ; wash, 
and dry. 

If a yellower shade is wanted, a little fustic is boiled along with the peachwood ; if redder, a 
little alum is used with the peachwood ; and if browner, a little Bismarck brown. 

The shades produced may also be varied by topping with aniline colours in small quantities. 

(2) Silver Drab (60 lb.). — Dissolve 2 oz. logwood extract; add the solution to a warm water ; 
give the yarns 10 turns ; lift, and add § pint black liquor (acetate of iron), and give 4 turns more. 
Wash in cold water, and dry. 

Greens ; (1) Methyl Green (11 lb.). — Dissolve in boiling water 7^oz. tannin; lay the bleached 
cotton overnight in the hot solution ; wring out ; dye in cold water with a solution of the colour 
according to shade. Wring out, and dry in the dark, without washing. 

(2) Or (22 lb.). — For lighter shades, bleach well, and work in warm soap-beck, to remove 
chlorine. Enter into a boiling lye of curd-soap, and wash out in cold water. Make np a cold dye- 
beck with 3 parts colour to every 100 parts cotton ; give 5-6 turns, and let steep overnight. Dry 
the next morning. If the shade is not full enough, take through the tannin beck, and dye again 
to shade. For yellower tones, dye the cotton first a yellow, with fustic and alum, and then dye cold 
with the green. It must be remembered that this colour is turned to a violet shade by heat. 

(3) Malachite Green. — This can be dyed in the same manner as methyl-green ; but it is not 
sensitive to heat, and admits, if required, of the presence of small quantities of acids. 

(4) Caruleine.—Thxa colour dyes dark-green shades, though its name would lead us to expect 
sky-blues. For dyeing cotton, 2 lb. 3 oz. of the colour should be stirred up with twice its weight of 
bisulphite of soda at about 78° Tw. ; the mixture may stand for some hours before it is added to the 
dye-beck. 

The cotton-yams to be dyed are mordanted by passing alternately through chromate of potash 
and bisulphite of soda. The necessary quantity of colour, according to the shade required, is then 
added to cold water ; the yarn is entered, and the heat is gradually raised to a boil. The shades 
obtained bear soaping, and exposure to air, as well as do the alizarine colours. 

(5) Another Dark Green (501b.). — Steep for 6 hours in a decoction of 10 lb. sumach ; wring, 
and enter into a fresh cold beck, made up of 3 lb. alum, 9 oz. methyl-green of a bluish shade, and 
2 pails fustic liquor. Turn quickly, raising the temperature to 66° (150° F.); when the dye 
is exhausted, dissolve 3-i oz. copperas in the same liquor, and give 3-4 turns, to sadden. 

(6) Ordinary Greens (100 lb. yarn). — Dissolve 10 lb. nitrate of iron, and 1 lb. tin crystals ; work 
the yam in this solution, cold; give 5 turns, and wring. In another beck, dissolve 6 lb. yellow 
prussiate ; give the yarn 5 turns in the cold solution ; wring, and pass back into the nitrate of iron^ 
and thence back into the prussiate beck, to which 2 lb. alum have been added ; give 3 turns in 
each, and rinse. 

Boil 40 lb. bark for 1 hour, strain into a tub, add 1 lb. sugar of lead well dissolved ; when all is 
well mixed, enter the yam at 82° (180° F.), and work for J hour ; lift, wring, and pass through 
another beck, containing 2 Ib. alum, and 2 lb. indigo paste. Rinse, and dry. 

(7) Or,— Boil 25 lb. fustic in a bag, and add to the liquor 2J lb. verdigris, previously dissolved 
in vinegar and hot water ; cool the dye ; enter the yam, which has been prepared overnight in a 
decoction of sumach ; handle it well, and heat np to a boil, working for i hour. Cool it, and 
enter it into another beck, containing a decoction of 10 lb. logwood. Heat up to a boil, and work 
for J hour ; take out, rinse, and dry. 

If blue vitriol is used instead of verdigris, an olive-green is obtained. 

(8) Chrome Grecft.— Give the yarn a blue bottom in the vat ; take through dilute sulphuric acid, 
and wash very well. Take through sugar ot*lead solution at 6° Tw., then through caustic soda lye 
at 2°-3° Tw., and wash off. Enter into Mchromate bath at 2° Tw. Each operation requires 5-6 
turns. Wash off, and dry. 

Greys : (1) Light Grey (11 lb. yarn). — Boil 4J oz. sumach in 87 pints water ; in this, steep the 
yarn for 1 hour, turning frequently; lift, and add to the beck a decoction of 4i oz. copperas; stir; 
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re-enter, give 5 toms, steep for 15 minntes, and give another turn ; let steep again, and turn once 
more ; lift, and take through water. Wring out, and dry. 

(2) Medium Mode Grey (11 lb.)— Add to 44 qts. water at 38'’ (100° F.) a decoction of 17i oz. 
sumach, Sj oz. logwood, and 4f oz. prepared catechu. Steep for 1 hour. Add 4| oz. nitrate of 
iron at 75° Tw. ; re-enter, give 10 turns, and enter into fresh water at 38° (100° F.). with 2^ oz. 
chromate of potash. 

(3) Light Grey on Cotton Pieces (60 lb.). — Boil li lb. solid extract of logwood, and i lb. extract 
of bark, in sufficient water. Eun the pieces 6-8 times through ; press ; and take through a fresh 
beck of 5 lb. copperas; rinse; and calender out of the following mixture: — 45 lb. of farina, 3 lb. 
wax, 6 lb. coco-nut oil, boiled to a stiff paste. Press, and dry. 

(4) Fast Grey (22 lb.).— 1st operation : 35 fl. oz. olive oil, and 2 lb. 3 oz. soda crystals. Work 
in this mixture at a boil for 30 minutes ; wring, and dry. 2nd operation : Grind 44 lb. coal very 
fine; add 22 lb. soda crystals, and 17i pints water at a boil. Mix the whole very well, and let 
steep for some hours. Then boil for a hour in 15 times the quantity of water ; strain ; and work 
the cotton in the hot liquid for J hour, airing well ; pass 5 times through the same liquid, and 
wring each time. Wash, first in luke-warm water, then in cold water; wring, and dry. 3rd 
operation : The dry cotton is passed into weak size, to which a little emulsive oil has been added. 
Wring, and dry. This grey resists soap, acids, and chloride of Ume. 

(5) Grey, Stone-shade (25 lb.). — Boil 25 lb. sumach, and 1 lb. fustic ; enter the yams into the 
decoction, to which a sufScient quantity of water has been added ; give 5 turns ; wring ; and enter 
into a cold beck, with a solution of 1 lb. copperas (protosulphate of iron, or ferrous sulphate), and 
I lb. blue-stone (copper sulphate). Give 5 turns, rinse, and dry. 

(6) Medium Olive(\l lb.).— Extract 8| oz. sumach in boiling water; enter the yam into the clear 
liquid ; let steep, and make up a fresh beck, with the same weight of copperas. Wring out the yarn 
and enter into this second beck, working for \ hour. Wring, and enter into a fresh beck of red liquor 
at 1^° Tw. Give 12 turns ; heat to 62° (144° F.) ; wring out ; and work for J hour in a decoction 
of quercitron bark. 

Obanges : (1) Full Lead Orange (60 lb.). — Boil 12 lb. sugar of lead in 12 gal. clear lime-water, 
till dissolved ; add this to enough cold water. Work yarns 5 turns, and wring. Dissolve 4 lb. 
bichromate of potash, and add this to cold water. Work yarns 5 turns, and wring. Eepeat this 
process twice in the cold liquors, wringing after each time. Get a clear lime-water up to the boil, 
and give the yams 5 turns in it, working very quickly. It is very important that the lime-water 
should be boiling, to keep the yams level. Wash off in warm water with a little soap, and dry. 

This colour, like all others in which lead is an ingredient, wiU be darkened and spoiled, it 
exposed to fumes of sulphuretted hydrogen. 

(2) Annatto Orange (60 lb.). — Bod 6 Ib. concentrated annatto with 2 lb. soap, and 2 lb. common 
soda, till completely dissolved ; add this to boiling water. Work the yarns 5 turns; wash in cold 
water, and dry. 

This colour may be modified by topping with small quantities of magenta, &o. 

(3) Aniline Orange (60 lb.). — Boil 3 lb. tannic acid, and add the solution to warm water. Work 
the yams 5 turns, and wring. Add 3 qts. nitro-muriate of tin to enough cold water, and mordant 
in the mixture. Wash well in cold water, with a little soap in the last water. Dissolve 12 oz. 
anUiue orange, and add the solution to warm water. Give 5 turns, wash, and stove-dry. 

(4) Purple (10 lb.).— Prepare in stannate of soda at 10° Tw. ; pass in dilute sulphuric acid at 
2° Tw. ; and give 2 washings in clear cold water. Fill up a tub with 30 gal. logwood liquor ; give 
4—5 turns ; lift ; and add 4 qts. alum solution, and ^ pint double muriate of tin ; re-enter, and give 
3-4 more turns. Wash off; and prepare another beck with 30 gal. logwood liquor, and 10 gal. 
peach- or sapan-wood liquor ; re-enter, and give 3-4 turns ; add J pint purple spirit, and 4 qts. 
alum-water. Give 5-6 turns ; wash, and dry. 

Beds : (1) Eosine Aeds.— These shades range from a cherry-red to a trae rose, and have not the 
violet cast of magenta. 

For a more bluish shade, steep in a bath of curd-soap at 62° (144° F.) ; work for J hour ; rinse ; 
and work for the same length of time in subacetate of lead (basic sugar of lead) at 4° Tw. Einse, 
and dye in a bath of eosine at 62° (144° F.). Soft-soap mu&t be used throughout the process. If 
yellower tones are required, alum is added to the sugar of lead beck, more or less, according to the 
shade intended. 

Eosine is also sometimes fixed upon cotton by mordanting in red liquor, and then passing 
through water in which chalk is suspended, when hydiate of alumina is deposited on the fibre. 

(2) Rose Bengaie.—Tais beautiful colour is fixed 'upon cotton as follows Work the yams for 
1 hour in water, to which has been added 5 per cent, of thp emulsive oil used for Turkey-red dyeing. 
Dry : steep for 2 hours in cold red liquor at 3^’ Tw.; and enter into the colour-bath, which should 
contain | oz. of the dye, and J oz. of the red liquor, to every 2 lb. 3 oz. of cotton. Work for an hour 
at44°-60° (112°-140° F.). 
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The red liquor in question is made by dissolving 3} oz. almn in 17J oz. water, and adding If of 
acetate of lime, previously dissolved in the same bulk of water. It is allowed to settle ; the clear is 
drawn off, and set at 3° Tw. 

(3) Coralline Red (11 lb. yam).— Make up a hot beck with a decoction of 2 lb. 3 oz. turmeric. 
Work for J hour; take out, and rinse in cold water; prepare another beck with If oz. soap, and 
3J oz. olive oil, the heat being 30° (86° F.) ; work the yam in this for f hour, and wring. Then 
dye in a cold solution of soluble red coralline, to which a trace of acetic acid has been added. The 
quantity of acid is greater or less, as a more or less yellowish shade is required. 

(4) Or, — BoU in water 4J oz. white starch, and the same weight of white glue. Enter the 
cotton in this at 30° (86° F.) ; work for J hour ; rinse, and dye in a coralline beck at 30° (86° F.), as 
already described. 

(5) Coralline and Aurine (11 lb.). — ^Aurine dyes shades more inclining to orange than coralline. 
Boil 2 lb. 3 oz. sumach, or 6i oz. tannin, in water, and soak the tannin all night in the clear hot 
liquid. Wring out next morning, and enter into a fresh beck of 17i oz. good glue at 50° (122° F.). 
Wring out, and dye to shade in a cold solution of coralline. Wring again, and dry, without rinsing, 
in a room where the air is impregnated with ammonia. 

The cotton,' if desired, may be grounded with turmeric and annatto, and merely topped with 
aurine. 

(6) Galleine. — Gralleine dyes deep and very solid reds. The yams are mordanted in chrome alum, 
or by alternate passages through chromate of potash and bisulphite of soda. The requisite quantity 
of galleine is then placed in a bag, and suspended in a beck of cold water ; the yarn is entered, and 
the heat is gradually raised to 100° (212° F.). The goods are then taken out, and the colour is 
developed by hot soaping. 

Colours derived from resorcine, such as the cosines, phloxine, &c., may be fixed in the following 
manner ; — The yams are soaped hot with curd-soap for 1 hour, and wmng without rinsing. A solu- 
tion is then made of 8| oz. alum in 35 fl. oz. water, and diluted to 17f pints ; If oz. soda crystals 
are then added ; the whole is allowed to settle, and the clear is drawn ofif. The cotton is steeped in 
this liquid, and kept at a boU for 10-12 hours ; it is then passed into a bath containing 17f pints 
water, and 6f-10J oz. emulsive oil, such as is used in Turkey-red dyeing. Before the oil is added 
to the bath, it should be very well shaken up with 35 fl. oz. water. The cotton is steeped in tbis 
liquid for 1 hour ; then wmng, and dried. 

The dye-beck is then made up as follows : — Pure water, such as condensed steam-water, 17J 
pints ; red liquor at 7° Tw., 7 fl. oz. ; and the needful amount of colour. The dyeing is begun at 
50° (122° F.), and the beck is gradually raised to 88° (190° F.). The goods are allowed to steep 
till the bath is exhausted ; then wrung without rinsing, and dried. 

The red liquor is prepared by dissolving 4| oz. aliuu in 8j fl. oz. boiling water, and adding a 
solution of 3|- oz. sugar of lead in an equal bulk of water. The two solutions are mixed, allowed to 
settle, and strained ; the clear liquid is set at 7° Tw. 

(7) Scarlet on Cotton (100 lb.). — Steep overnight in a decoction of 40 lb. sumach. Lift, and 
wring; enter in a bath of oxy-muriate of antimony at 3° Tw. Give 3 turns quickly; steep for 
I hour, turning occasionally. Lift, wash well, wring, and enter into a colour-beck made up with 
10 oz. “ extra scarlet ” (of Sehlbach & Co.), and dye to shade at 43° (110° F.). 

(8) Saffranine Scarlet (60 lb. yarn). — Boil 10 lb. sumach ; enter yams ; give 6 turns ; let soak for 
1 hour, and wring. Enter into a fresh cold beck of nitro-muriate of tin at 2° Tw. ; give 6 turns ; 
wash, first in warm, and then in cold water ; wring well, and enter into a beck of 10 lb. turmeric. 
Finally, make up a beck with i lb. saflfranine ; enter yams at 10° (50° F.), and raise the temperature 
to 49° (120° F.), turning continually. Wring, and dry. 

(9) Rini (50 lb. yarn).— Dissolve 5 lb. Glaubersalts, and 4J oz. “erysine ” (of the Berlin Aktien 
Gesellschaft). Enter yam at 54° (120° F.); give 5 turns quickly, and dye to shade, gradually 
raising the temperature to 60° (140° F.). 

To ensure even shades, it is better to add only half the erysine at fitrst ; and the rest, previously 
dissolved, by degrees. 

(10) Magenta Ponceau (10 lb.). — Boil 2 lb. turmeric, strain, and steep the cotton in the liquid 
for 4-5 hours. Wring, and take through cold sours, containing about 10 oz. muriatic acid, and rinse 
well, and handle for 10 minutes in lukewarm water, containing 10 oz. starch, which has been boiled 
up to a paste with 1 oz. glue. Lastly, dye to shade in a fresh magenta beck. 

Magenta ponceaus and scarlets, even if the yellowest shades of the dye are taken, are never so 
satisfactory as those got up with eosine, saflfranine, and other coal-tar colours, free from the violet 
tone of magenta. 

(11) Alizarine Red. — ^Mordant in col(^red liquor at 7° Tw. for 2 hours, with frequent turning. 
Lift, wring, and air for 24 hours. Enter into a fresh beck, and dye at 1 00° (212° F.) with a solution 
of artificial alizarine. 

(12) Cochineal Scarlet (10 lb.). — Boil 1 lb. annatto in a solution of 10 oz. potash for 20 minutes ; 
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cool a little ; enter the cotton, work for 1 hour, lift, wring, and wash. Enter for J honr in a beck 
of permuriate of tin, marking 8° Tw., to which 2 oz. tin crystals have been farther added ; lift, 
wring, and dye in a decoction of IJ lb. cochineal, beginning at a hand-heat, and gradually raising 
the temperature. 

(13) Saffranine Hose (11 lb.). — Mordant with a decoction of 2 lb. 3 oz. sumach, or a correspond- 
ingly smaller quantity of pure tannin, which is preferable. Dye in a clear solution of saifranine. 
If a shade verging towards a bluiah-red is required, add to the sumach beck, before mordanting, 
lf-2i oz. tin crystals. Saffranine may also be fixed on cotton by means of red liquor, or soap. 

(14) Safflower Pink (60 lb. bleached yarn). — Add 1 J pint carthamine (extract of safflower) to the 
needful quantity of water. Work the yams for 5 hours, giving a turn every J hour, and keep them 
in the liquid till all the colour is taken up. Wash off in three cold waters, adding 1 lb. cream of 
tartar to the last. Then dry, preferably by means of a current of cold air in the dark. 

(15) Safflower Rose (60 lb.). — ^Work as above, but use double the quantity of carthamine, and 
take a longer time. 

(16) Common Scarlet (60 lb.). — Boil 6 lb. sumach, and add decoction to hot water. Work yams 
5 turns, and wring ; mordant in a tin solution (red cotton spirits). Wash in two waters, and wring 
up. Boil 18 lb. peachwood, and 18 lb. fustic, ground, and add the decoction to hot water. 
Work the yams 10 turns, and raise with 1 lb. alum. Wash in cold water, and stove. 

For lighter shades, the sumach may be dispensed with, and turmeric may be used in place of 
fustic. 

(17) Barwood Bed (10 lb.). — Steep for 5-6 hours in a decoction of 2 lb. sumach, to which a very 
little sulphuric acid has been added, turning from time to time. Wring out, and work in barwood 
spirits at 2° Tw. Wring, and enter into a beck of water at 93° (200° F.), containing 10 lb. rasped 
barwood ; and work to shade at a boil. 

(18) Turkey-red, with Artificial Alizarine.— The pieces are twice treated with soda-ash, 1| oz. soda- 
ash a piece, each time for 18 hours ; wring. Pad in oil at 71° (160° F.) ; hang up for 4 hours at 
76° (169° F.), In padding, the lower roller should be dressed, and the upper not. Pad 5 times in 
the same oQ bath, with both rollers dressed. After each padding, hang up at 76° (169° F.). Pad 
in potash lye at 6° Tw. at 32° (90° F.). Pad in potash at 8° Tw., same heat. Pad in potash at 
5° Tw., same heat. Pad in potash at 3° Tw., same heat. After each padding, hang up at 71° 
(160° F.). Pass through potash at 4° Tw., heated to 42° (107° F.). 

Extract the liquor, and take care that the pieces do not touch cold water. Hang np for 4 hours 
at 71° (160° F.). Pass into the following beck at 50° (122° F.):— Water, 2625 pints; potash, 
17i oz. Wash, and dry. Formerly, when the subsequent dyeing was performed with madder-root, 
there followed here the “galling” process,— a treatment with tannin, which is no longer required, 
since artificial alizarine has come into use. The pieces are passed at once to the alum-bath, which 
is thus inade up To 110 lb. crystallized alum, take 33 lb. soda crystals, and mix the solutions in 
water, stirring diligently. The clear liquid is finally set at 6^°— 7° Tw. The cotton is mordanted 
in this liquid for a day, and is then carefully washed, and wrung out, and is now ready for the dye- 
beck. To 110 lb. cotton, are taken alizarine at (10 per cent.) about 14 lb. 6 oz., and of pure rnuTun 
17i oz. Eaise very slowly to a boil during 2 hours, and keep up the boiling heat for another hour. 

The “cleaning process” {avimge}, a treatment with soap and tin crystals, is not required, when 
working with good artificial alizarine. The cotton is at once bloomed with curd-soap, and a little 
annatto. 

It is to be remarked that, if the water contains no lime, 3^ oz. of chalk should be added to the 
dye-beck for the above quantity of cotton. 

The oiling process is considerably simplified and abridged, by replacing the ordinary emulsive 
oU with the compound invented by Dr. MuUer-Jacobs,— a mixture of sulpho-ricinic and sulpho- 
pyroterebic acids, in combination with ammonia. A single passage through this mordant supersedes 
the five successive oOings formerly employed. A smaU quantity of the compound is recommended 
to be added to the dye-beck. 

Violets: (1) Gentiana Violet (11 lb.).-Boil 2 lb. 3 oz. sumach, or 6i oz. tannin, in water, and 
steep the yams overnight in the clear solution. Wring up next morning, and dye in a beck at 
74° (165° F.), containing 9 oz. gum arabic, adding more or less of the dissolved colour according to 
shade. Wring, and dry. 

(2) Or,— Make up a beck at 50° (122° F.) with 80 gr. tannin for each 2 lb. 3 oz. cotton, and 

turn well for 4-5 hours. Wring, and enter into the colour-beck at 43° (110° F.) adding 775 gr. 
acetic acid for 11 lb. cotton. Wring, and dry. ’ ’ ^ ^ ‘ 

(3) Medium Violet (100 lb.).— Mordant yams in sfannate of soda at 8° Tw ; sour at 1J° Tw 

with dUute sulphuric acid; wash off with cold water, and dye with i lb. anUine' violet according to 
shade. Heat up to about 71° (160° F.). ' 

Yellows: (1) Yellow (11 lb.).— Dilute red liquor to 6J° Tw., and steep the clear yams 
overnight in the cold. Extract 4 lb. 6 oz. quercitron bark in boiling water, let cool down to 75° 
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167° F.), and dye the yams to shade. If a brighter shade is desired, add to the bark liquor If oz. 
tin crystals. 

(2) Fast Yellow (60 lb.). — Boil 6 lb. brown sugar of lead in 6 gal. water till dissolved ; add this 
solution to snfiScient cold water. Work the yams 5 turns, and wring. Dissolve 2 lb. bichromate 
of potash, and add it to sufficient cold water. Work yarn 5 turns, wash twice in cold water, 
and dry. 

Mechanical Appliances. — The mechanical appliances used in dyeing vary very much, accord- 
ing to the class of the material and the scale of the operations. Unspun wool and rags are simply 
laid in the dye-becks, and turned as may be required with the dyer’s pole. Yarns and woven goods 
on the small scale are dipped and turned in the dyeing-baths by hand, the yarns being generally 
supported on sticks, passed through the hank, and resting upon the tub, vat, or cistern. On the 
large scale, the goods are turned by machinery. In piece-dyeing, very great use is made of the 
padding machine, a kind of trough or cistern, fitted with rollers both above and below the surface 
of the liquid, over which the pieces pass with a regular speed, the dye being thus squeezed into the 
fibre, — an arrangement which greatly facilitates the regular deposition of the colour. These 
machines are especially used for mordanting cotton piece-goods, and for applying such colours as are 
worked in the cold. For dyes which require a high, and especially a boiling, heat, the dye-pans 
are fitted with winches, either fixed or movable, and generally capable of being turned by power. 
The piece, being rolled up on a wooden roller, is allowed to uncoil itself, and gradually descend into 
the liquid. When it is run out, the motion is reversed, and so on till the piece is dyed up to shade. 
In piece dyeing, great rapidity and regularity of motion are of the first importance, especially at the 
beginning of the operation ; with dyes which have a strong afiinity for the fibre, a slow movement 
allows some parts of the cloth to absorb too much of the colours, and a stoppage often leaves a 
line across the piece, corresponding with the surface of the liquid — the point at which action is 
greatest. 

Fig. 583 will convey an idea of a dye-beck fitted with rollers: — a is a reel, having long wooden 
spans on its circumference, and being set in motion by a driving- 
shaft. Steam is admitted, if required, by the perforated pipe b. The 
pieces of cotton, stitched together at their ends, pass over the reel in 
the direction of the arrows, and fall on a sloping ledge g, on one side 
of the beck, whence they pass under the rollers e d. Its general 
dimensions are 6 ft. in length, 4 ft. in width, and 4 ft. in depth. 

The material of tlie pans, &c., in which dyeing is carried on, is of 
great importance. According to the colour used, the vessels may be of 
wood, iron, block-tin, slate, sandstone, &o. They must be selected so 
as to be incapable of yielding to the dye-bath any substance that could 
interfere with the process. Thus an iron pan or beck should on no 
account be used for dyeing any bright or light colour, especially if acid 
mordants or dyes are present. The most scrupulous cleanliness — one 
might say chemical cleanliness— is an essential in successful dyeing. 

Wherever it is possible, the same becks, pans, &c., should be reserved 
for the same class of colour. 

The selection of the water used in dyeing is also of great import- 
ance. As a rule, the nearer it approaches to distilled water, the 
better. For many delicate aniline and grain colours, condensed 
steam-water, free from grease, should be employed. The woollen yam dyers of Berlin, and the 
calico-printers of Alsace, are indebted to the character of the water at their command for no small 
part of their success. To this rule, there are two exceptions ; madder and its derivatives require 
the presence in the dye-water of a certain quantity of lime, which is easily supplied by adding 
ground chalk, or acetate of lime ; blacks and other sad colours may also be more economically dyed 
with hard waters, such as those from deep artesian wells. 

The heat required in dyeing may be produced either by open fires beneath the pans, or by steam, 
applied either in a steam-jacket, in the form of coils of steam-pipe, or by blowing steam direct into 
the liquid. 

Calico-Printing. — This art differs from dyeing, both in its object and its means. The purpose 
of the printer being to produce upon pieces regular designs in two or more colours, he is compelled 
to limit the action of his materials to particular portions of the surface to be thus ornamented. 
Hence his colours are not liquids, but pastes^ or pulps ; and they are applied to those parts of the 
cloth, where they are to take effect, by a stamping process, performed either by hand or by machinery. 
These conditions involve no small difficulty ; the dyer can and does “ work to shade,” adding, as 
circumstances may require, a little more of his ingredients, or prolonging the action. But the 
printer has no opportunity of modifying his materials after they are once brought into contact with 
the fibre. 
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The foremost peculiarity of the printer’s colours, mordants, or mixtures of both, as distinguished 
from those of the dyer, is that they require to be thickened. For this purpose, a great variety of 
materials are used flour, starch, whether of grain or of the potato ; natural gums, such as arabic, 
Senegal, and tragacanth ; and artiflcial gums, such as dextrine, which, in its various modifications, 
is known as British gum, calcined starch, leiocome, gomeline, &c. There are also mineral bodies 
occasionally employed for this purpose, such as China-clay, and siliceous earth. These various sub- 
stances are not all equally fitted for all purposes. No small part of the art of the printer lies in the 
skilful selection of a right thickener. The properties of the cliemicals present, the actions to which 
the mixture has to be exposed, the character of the design, and the manner of printing, whether by 
hand or by machine, have to be duly taken into account. For machine work, much smoother and 
finer thickeners are required than for block work, even the presence of grit in the gum or starch 
being a serious inconvenience. Sometimes one of the ingredients in a colour — an acid or an acid 
salt — is not added till the mixture has become cold, lest at a high temperature it might convert a 
portion of the starch into glucose, and thus greatly modify the expected reaction. The thickening 
power of these bodies differs greatly, 10-12 oz. gum tragacanth per gal. being as effective as 20 oz. 
starch, 22 oz. flour, or 8-9 lb. calcined farina. The larger the quantity of thickening employed, the 
lighter, generally speaking, will be the resulting colour. As a rule, the more the colours, by judi- 
cious thickening, can be kept upon the face of the cloth, and prevented from sinking in, the brighter 
will be the colour, the clearer the design, and the more economical the working. 

In the earlier days of the art, printing was exclusively performed by hand, with wooden blocks, 
upon which the designs were produced in relief, by cutting away portions of the wood, and letting in 
slips of sheet copper. This method of printing is still found exceedingly useful for the production 
of particular effects, though for general work it is quite superseded by the swifter and more econo- 
mical cylinder-machine. 

Fig. 584 shows the general principle of the printing-machine : a is the roller, on which the 
pattern is engraved; it is mounted so 
as to revolve against two other cylin- 
ders 6 0 . The latter is covered with 
woollen cloth, and, as it revolves, it 
dips into the trough d, containing the 
colour properly mixed. Some of the 
colour thus taken up is transferred to 
the pattern-roller a. The other cylinder 
or drum 6 is of iron, covered with several 
folds of woollen cloth or felt, to give 
an elastic surface. Bound the drum, 
travels an endless web of blanketing e, ft- 

in the direction of the arrows, and 
over this, so as to come into direct con- 
tact with the roller a, passes the piece -i 
to be printed /. xA •. 

To prevent a taking up superfluous '• ^ > 

colour, it is scraped as it revolves by a 
sharp plate of steel, or alloy of nickel, 
called the “ colour-doctor,” g ; on the 
opposite side, is a similar plate, the 
“ lint-doctor,” to remove any loose 
fibres from the roller. The rollers h 
and troughs i, shown in dotted lines, represent the arrangements required if more than one 
colour has to be printed upon the cloth. 



A four-colour machine is seen in end elevation in Fig. 585, and in section in Fi- 586 A is 
the cast-metal feme-work, bolted down by the bolts B ; C is the drum, about 2 ft in diameter and 
3-4 ft. in length, according to the kind of cloth to be printed ; D are the copper pattem-rollere of 
the width of the piece ; E are mandrels, on which the roller is forced by a screw-press about 4 in 
in diameter where the roller is fixed, but the journals are narrower. Within the roller is a pro- 
jecting piece or “tab,” extending all the width, and fitting into a slot cut in the mandrel, to 
prevent slipping. The bowl or pressure-cylinder C rests with its gudgeons in bearings or bushes, 
which can be moved up or down m slots in the side-cheeks A ; these bushes are fixed by strong 
screws F, turning m nuts screwed to A, to counteract the pressure of the two lowest rollers The' 
eliding pieces G support the bearings of the mandrels, cotour-boxes, and doctors, and move in arms 
of the frame-work, by means of screws H workmg in femVle screws I, and forming a portion of the 
set of jointed evers K ^bey give further pr^sure to the rollers D. The two upp^ost rollers 
press against the cylinder by the levers K. which are joined to the frame-work at /. aud to the 


i 
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inside of the main frame g and M, as fulcrnms, and are jointed together at A. The bent levers h g i 
fit into the sockets i of the horizontal levers M K, loaded with movable weights at K. The two lower 
rollers are pressed against the cylinder in an analogous manner. 

The perrotine may be described as a machine for doing a style of work almost the same as block 
printing. It works three wooden blocks, each 2-5 in. in width, and varying in length according to 
the width of the piece. Upon these blocks, the pattern is engraved. They can be mechanically 
brought down upon the front, top, and back of a four-sided iron beam, faced with cloth, over which 
the pieces travel. The perrotine produces effects in three colours, which could not be obtained in 
hand-printing, without blocking the pieces three times over. It even executes some styles of work 
which the cylinder-machine cannot perform without the aid of the “ surface-roller.” 

This latter machine, which has been developed in Scotland and England to work with only a 
man and two boys in attendance, does as much work as 200 men and boys could complete by hand- 
printing, and has been constructed to perfect at once patterns of 12, and even 20, colours. 

The perrotiue is shown in a vertical section in Fig. 587, and in elevation in Fig. 588: 
A represents the cast-iron frame-work ; B, cast-iron tables, planed smooth, over which revolve the 



blanket, the back-cloth, and the piece to be printed; 0, sliding pieces, to which are screwed the 
block-holders 3, and causing the engraved blocks 2, to move alternately against the woollen surface 
where they receive the colours and the goods to be printed, by the action of the arms 4, 5, whose 
supports 6, rest on the frame A, and act on the beams 7, keyed to the slides c. The lower of these 
slides, being in a vertical position, takes by its own weight a retrograde movement, regulated by a 
counter-weight. E are movable colour-sieves, keyed” to connecting-rods, and receiving from the 
power applied to the machine the kind of movement which they require. These sieves which are 
flat, and covered with cloth on the surface opposite to the fiocks, slide in grooves on the sides of the 
tables, and receive from the furnished rollers the colours which they afterwards transmit to the 
blocks. F are troughs, filled with colour, and each furnished with rollers 8 10, the last of which, 
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dipping into the tronghs, are charged with colour, which they communicate to the rollers 8, covered 
with wooUen tissue, and these again transfer the colour to the sieves E, where it is spread by the 
fixed brushes 9. To vary at will tbe quantity of colour supplied, the rollers 10 are connected with 
levers 11, which, by means of adjusting screws, bring them into contact more or less close with the 
rollers 8; and thus regulate the charge of colour. The blanket, back-cloth, and pieces are made to 
travel thus : at the four angles 
formed by the three tables B, are 
rollers 1, fitted on their surfaces 
with needle-points, to prevent 
the pieces from slipping as they 
pass on, and thus to secure the 
regular progress of the goods, 
which is determined by the 
toothed wheels 21, fixed at the 
extremities of the axles of the 
rollers. G is a roller for stretch- 
ing the endless web, resting with 
the ends of its axle on two 
cushions, forming the extremities 
of the screws 12, by which the 
roller can be pushed further out 
if needed, to give the required 
tension; H is another tension- 
roller, supporting the blanket 
and back-cloth. K is a roller 
which serves similar purposes for 
the blanket, the back-cloth, and 
the tissue being printed ; T, the 
blanket, which passes over the 
semi-circumference of the roller 
G, passes over H, and behind K, to circulate around the cylinder I, and the surface of the table B ; L is 
a cylinder, from which the back-cloth is unwound, after being stretched by H, and smoothed by bars 
13, whence it joins the blanket at K ; M is a roller, from which the pieces are unwound by the move- 
ment of the machine, passing over the sorimping-bars 14, and joining the blanket and back-cloth at 
K, which it accompanies as far as the roller G, when it passes off, in the direction of N, to the 
hanging-rollers, where it is dried. 

The manner of running a machine is in brief as follows The pieces, stitched end to end in 
lots of 40, are wound on a wooden roUer, arranged for the purpose ; and a few yards of common 
coarse cloth, kept for the purpose, are attached at the first end, upon which the printer adjusts his 
pattern. Behind the machine, stands a boy, who guides the cloth evenly, and removes any loose 
threads. The printer has his stand in front, attending to the colour-boxes, one of which supplies 
each roller. After every 30-40 pieces have been worked off, the machine is stopped, in order that 
the “doctors” — blades which press against each cylinder, and remove all superfluous colour— be 
examined, and their edges sharpened with a file, if needful. 




Fig. 589 shows a range of colour-pans, as made by Storey, of Manchester. The set consists 
of 8 cased copper pans, ranging in C(\;itents from 1 to 28 gal. Each can be turned over for 
emptying, as a brass stuffing-box is fixed to each pan and to the pillars ; A is a copper pipe, by 
means of which steam can be admitted down the pillars, as far as the stuffing-boxes, and thus into 
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the casing of each pan, and out at the condensing pipe D if needful ; C is a copper pipe for the 
admission of cold water into any pan. 

Fig. 590 shows a longitudinal section of a tinsing-machine. It consists of a wooden cistern, 20- 
30 ft. long, 3 ft. wide, 

4 ft. high at one 
end, and 3 ft. at the 
other, and divided 
transversely into 
compartments, by 
water-tight partitions, 
which gradually de- 
crease in height from 
the higher to the 
lower end of the cis- 
tern. The pieces of 
cloth are passed 
through in the direc- 
tion of the arrows, 
and, on leaving each 

compartment, pass between a pair of squeezing-rollers, placed above, before descending into the 
next compartment. 

There are several main styles or classes into which calico-printing is conventionally divided, 
according to the effects aimed at, and the means taken for their production. This classification 
was never very accurate, and is now less trustworthy than ever, since multitudes of patterns are 
produced by a combination of two or more of these styles. 

MAnnEE CoLotiES. — This style has for a long time held the first place, and will probably 
maintain it, though the effects are no longer obtained with madder-root, but with artificial alizarine 
and anthrapurpurine. On the Continent, it is generally characterized as “ dyeing mordants,” or 
“ dyeing upon mordants,” — a preferable name, since the essence of the style is that merely mordants, 
duly thickened, are printed upon the pieces. The cloth is then worked in a dye-beck, formerly 
with madder, — as if the object were to produce a uniform colour. As, however, the mordants have 
been applied to certain parts of the surface only, the colour attaches itself to these alone, producing 
the design. The colours thus obtained are then cleared or brightened, and the white ground is 
freed from all traces of colour. 

The subjoined are some of the more important of the mordants (here called by the misleading 
name of colours) printed on for the production of special effects in the madder style : 

Purple Fixing Liquor.— (a) Water, 7i gal. ; acetic acid, IJ gal. ; sal ammoniac, 9 lb. ; arsenious 
acid, 9 lb. Boil till all the arsenic is dissolved ; let stand to settle, and decant off the clear for use. 

Purple Assistant Liquor . — Potato starch, 100 lb. ; water, 37J gal. ; nitric acid at 60° Tw., 123 
gal. ; black oxide manganese, 4 oz. When the reaction is over, and the nitric acid is destroyed, 
add pyroligneous acid, 50 gal. 

Purple Fixing Liquor.— Q>) Water, 2 gal. ; soda crystals, 25 lb. ; white arsenic, 22i lb. Boil 
till dissolved, and add raw acetic acid, which should first be heated to 49° (120° F.), 50 gal. Let 
settle for some days ; decant off the clear, and add muriatic acid at 32° Tw., 3 qt. 

Black (for machine work).— Black liquor at 24° Tw., 4 gal. ; crude ackic acid, 4 gal. ; water, 
4 gal. ; fiour, 24 lb. Grind the fiour to a smooth paste with a little of the mixed liquid, stir in the 
rest, boil, and stir in 1 pint of gallipoli. No clots must be allowed to remain. 

It must be noted that blacks are less frequently produced by the madder style than was formerly 
the case, as the aniline black is more and more taking their place. 

Brown Standard.— Water, 50 gal. ; catechu, 200 lb. Boil 6 hours, and add acetic acid, 4i gal. 
Make up to 50 gal. with water. Let stand for 2 days ; decant the clear, heat to 54° (130° F.), and 
add sal ammoniac, 96 lb. Dissolve, and let settle for 48 hours. Decant the clear and thicken 
with 4 lb. gum Senegal per gallon. 

Brown (for machine work).— Brown standard, as above, 8 gal. ; acetate of copper, as below 
1 gal. ; acetic acid, | gal. ; gum Senegal water (4 lb. a gal.), J gal. ’ 

To make the acetate of copper, take blue-stone, 4 lb. ; sugar of lead, 4 lb.; hot water 1 gal. 
Dissolve ; let settle, and set the clear at 16° Tw, with water. ’ ° 


590 . 



Madder Brown to resist heavy covers of Purple.— Catechu, J lb.; sal ammoniac, i lb • lime-iuice 
at 8° Tw 1 qt. ; nitrate of copper at 80° Tw., 2* oz ; Acetate of copper, H oz. ; gum Senegal, 1 lb. 

Chocolate.-Jjm liquor at 24° Tw., 3 gal. ; re.1 liquor at 18° Tw., 6 gal. ; fiour, 14 lb • loCTood 
liquor, 1 pint. / • » & 

Drab. Brown standard, 4 gal. ; proto-muriate of iron (ferrous chloride) at 9° Tw 1 gal * 
acetate of copper, 3 gal. ,* gum substitute water, containing 4 lb., 1 gal, ' ^ * 
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Purple. — ^Add to the iron liquor, in proportions varying according to the shade, light British 
gum, 40 lb. ; water, 16 gal. ; purple fixing-liquor, 2 gal. Boil well together ; draw ofi", and allow 
the whole to stand for 3-4 days. Of this, 8-30 gal. may be added to I gal. black liquor. 

Padding Purple . — ^Make up a thickener as follows: — Water, 13i gal.; purple fixing liquor, 

2 gal. ; logwood liquor, at 8° Tw., 2 qt. ; fiour, 18 Ib. Boil, and add 2J gal. of farina gum- 
water, made by boiling 6 lb. dark calcined farina in 1 gal. water. 

Park Bed (for machine work). — Bed liquor at 18° Tw., 6 gal. ; flour, 12 lb. 

Standard Bed Liquor. — Alum. 20 lb.; sugar of lead 12J lb. ; boiling water, 5 gal. Stir till 
dissolved ; let settle, and draw oflf the clear. 

Park Bed (for resisting a chocolate cover). — Besist-red liquor (see below) at 18° Tw., 12 gal. ; 
flour, 24 lb. Boil well, and when almost cold, add 12 lb. tin crystals. 

The resist-red liquor consists of acetate of lime at 24° Tw., 90 gal. ; sulphate of alumina, 
272 lb. ; ground chalk, 34 lb. 

Bed (for resisting purple covers). — Besist-red liquor at 14° Tw., 6 gal. ; flour, 12 lb. Boil ; 
when nearly cold, add 2i lb. tin crystals. 

A “ cover ’ is a small pattern in purple, chocolate, &c., applied over the whole surface of the 
piece. The “resisting reds” above mentioned prevent it from becoming fixed to those portions of 
design where they are applied, and where, therefore, a red is produced. 

White figures are obtained by printing on some mixture like the following : — Lime-juice, at 8°, 
20°, or 30° Tw., 1 gal.; starch, 1 lb. Boil, and stir till dissolved. Where this so-called “ acid” 
is printed in, covers and padded grounds subsequently printed take no effect, and the figure 
remains white. Upon such whites, steam colours (see below) may be afterwards blocked in, and 
thus a great variety of efiect is obtained. 

Chrome Standard . — Boiling water, 2 gal. ; bichromate of potash, 8 lb. Dissolve, and add 
muriatic acid at 32° Tw., If gal. Stir gradually in 3J lb. sugar. 

The pieces, before printing, are bleached in the most perfect manner. After the so-called 
“colours” have been printed on, the next step is “ageing.” In this process, the goods were 
formerly hung up in single folds in enormous rooms, maintained at the proper degrees of warmth 
and moisture. They are now laid in bundles upon sparred floors, placed at different heights in the 
ageing house. The temperature is kept at 27° (80° F.), the wet-bulb thermometer marking 24^° 
(76° F.). For this purpose, a large iron steam-pipe runs under the flooring, and steam is allow^ 
to enter directly into the house from a number of small jets. Double windows and doors, a 
double roof, and thick walls serve to guard against sudden changes of temperature ; but proper 
ventilators are fixed, to allow the vapours of acetic acid, given off, to make their escape. The 
ageing process may last 2-3 days ; its object is the decomposition of the acetates of alumina 
and iron in the mordants, so that either the bases or hydrated subsalts are left attached to the fibre. 

The next step is “ dunging,” the purpose of which is the removal of the thickeners, which 
have now played their part. The process, which is known in French as degrnnmage or hemsage, 
was formerly performed with cow-dung. This material has, however, been almost entirely super- 
seded by the double phosphate of soda and lime, the arsenite and arseniate of soda, and the silicate 
of soda. The pieces are passed through warm but weak solutions of these substances. This 
operation is often performed twice, the first time being c^led “ fly-dunging ” ; and the next, “ second 
dunging.” 

When silicate of soda is used, the goods pass through two cisterns, heated to 50° (122° F.) or 
even 100° (212° F.), containing 738 gal. water and 19 gal. silicate of soda at 14° Tw., if the goods 
have been mordanted for brown and red, black and red, brovm only, red only, and rose on a white 
ground. But if mordanted for black only, purple only, or purple and black, the proportion of 
silicate of soda is reduced to 13J gal. at the same strength. The next step after washing is the 
dyeing, formerly with madder-root, or some of the extracts of madder, but now with artificial 
alizarine, or anthrapurpurine. The colour is now formally and permanently attached to the 
mordanted portions ; but the whites are still stained or soiled, and the pieces are therefore sub- 
mitted to the clearing process (avivage'), which consists in successive treatments with soap-lye. A 
common treatment is two soapings at a boil, each time for J hour, with |-J lb. of soap. The 
pieces are washed in clean water after each soaping. The quality of the soap is of great import- 
ance : it should be quite neutral, and is made, by preference, from palm-oil. Freedom from 
alkalinity is especially important for madder-purples. 

The following process has been employed in Alsace for clearing roses and reds ; — (1) Soap- 
bath: water, 1200 litres; white curd-soap, 4 kilo, per 900 metres; time, IJ hour ; temperature, 50° 
(122° F.). (2) Washing in machine witl?cold water. (3) Bath of oxy-muriate of tin : water, 
800 litres; solution of tin, 4-5 litres per 900 metres; time, 15-20 minutes; temperature, 56°-62° 
(133°-143J° F.). (4) Washing in malhine. (5) Second soap-bath : water, 1200 litres ; soap, 

3 kilo. ; time, 45 minutes ; temperature, 94° (201° F.). (6) Washing again in cold water. 

(7) Third soap-bath : proportions as in second. (8) Washing again in cold water. (9) Boiling 
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in closed boiler, in water, 1200 litres ; soda crystals, 2^ kilo. ; soap, kilo. ; time, 2 honrs. 
(10) Washing in cold water. (11) Warm bath fcs: J hour in water at 50° (122° F.). 

Grass-bleaching is occasionally used in the clearing process for chintzes, cretonnes, &c., as it is 
considered to render the shades more transparent. 

The clearing process has been very much simpiiiied in consequence of the introduction of 
artificial alizarine. 

Plate Style. — This is a modification of the madder style. For a “ plate purple,” a purple is 
printed on, and an ‘‘ acid,” as above described, and the whole is covered over with a lighter purple. 
The pieces are then aged in the normal manner; fly-dunged at 77° (170° F.); and dnnged a 
second time at 74° (165° F.). They are next washed and dyed, raising the temperature in two 
hours to 79° (175° F.), which heat is kept up for J hour. Wash, and soap, taking 1 lb. soap for 

3 pieces of 30 yds. each, boiling for 30 minutes. Wash, and take for 5 minutes through a beck of 
500 gal. water, with J gal. solution of chloride of lime at 8° Tw. Kinse ; boil for J hour with 1 lb. 
soap per 5 pieces ; wash ; chlore again for 5 minutes; wring in 1 gal. bleaohing-liquor at 8° Tw., 
in only 200 gal. water, along with 2 lb. soda-ash at 71° (160° F.). 

The garancine style differed from madder-work in the employment of garancine in place of 
madder-root. Weaker mordants were used, and catechu was largely associated with the garancine. 
The patterns produced were chiefly combinations of black, red and chocolate, drab, brown, and 
orange. The shades were brilliant, but less fast than those obtained with madder-work ; and the 
clearing was not so severe, the rather as the white grounds were very slightly stained in dyeing. 

Besebve Style. — This is another modification of madder-work. Acid reserves, consisting of 
lime-juice and caustic soda, are printed on the pieces ; next, the ordinary “ colours ” for madder 
reds, purples, chocolates, &o., are printed ; and the goods, after the usual operations of ageing and 
dunging, are dyed. In the white portions reserved, steam or pigment colours may be blocked in. 

PADDrtfG Style. — This is a further modification of the madder style. The pieces are padded 
over with red and black liquor, dried in the so-called padding-flue ; the pattern is printed on in 
hme-juice and bisulphate of potash, thickened generally with starch, thus removing the mordant 
from certain parts. After ageing, dunging, and dyeing, the design appears in white, on a claret, 
scarlet, or purple ground. 

It is, of coiuse, easy to convert the white design into a yellow, or to block in steam or pigment 
colours. 

Indigo Effects. — Under this style, wUt be included the so-called “ China blues ” — designs in 
blue on a white ground ; the kinds where reserves or resists are printed upon the cloth, which is 
then dyed in the vat, thus producing white, yellow, and orange designs on a blue ground; and 
lastly, the style named “ lapis ” or “ lazulite.” 

Effects of the first kind, direct indigo blues, are now very simply produced by means of the 
“ hydrosulphite ” process of Sohutzenberger and De Lalande. 

Direct Indigo Blues. — (1) Put into a colour pan, 8 lb. 2 oz. indigo, finely ground in water, 

4 lb. 6 oz. indigo in 26 pints liquid. Heat ; and add 6 lb. 9 oz. ground gum. Dissolve ; and add 
11 lb. saturated hydiosulphite, 15i oz. milk of lime, containing 7 oz. lime per If pint. Heat to 70° 
(158° F.) for 20 minutes; cool down to 40° (104° F.); and add 3 lb. 4 oz. saturated hydrosulphite, 
and 15| oz. milk of lime. The yield is 30 lb. 12 oz. of colour. 

(2) Or,— -Mix 22 lb. Ueurgomme (explained below), 13 lb. 2 oz. gum water, 15 lb. 5 oz. saturated 
hydrosulphite, and 32J oz. milk of lime. 

These colours must always be used warm, never under 30° (80° F.), nor over 35° (95° F.). Nor 
must they be used too soon after they are prepared. Those colours give the best results which 
show a greenish hue till the next morning. 

When the colours are printed, the pieces are spread out overnight in an airy place, or, if 
necessary, they may immediately after printing be passed through a weak lukewarm chrome beck. 
In either case, they must be very well rinsed, washed, and soaped, for 30-45 minutes at 50°-60° 
(122°-140° F.). If the whites are not good, they are taken through weak chloride of lime If this 
blue is printed along with other colours, the pieces may undergo the treatment necessary for such 
colours, without any attention being paid to the blues. Passing through soda, sulphuric sours, 
chrome baths (warm or cold), alkaline, chrome and lime baths, silicate of soda, phosphates of lime 
or soda, cow-dung, &c., has no effect on these blues. 

The bleu-goinme is prepared as follows ;— 4 lb. 6 oz. good Bengal indigo are ground up in the 
ordinary maimer, employing water enough to make the paste up to 35 pints. This is placed 
in a boiler, made up with water to 105-140 pints, along with 11| lb. caustic soda-lye at 62° Tw. and 
30i lb. hydrosulphite of soda. It is heated to about 7(f' (158° F.) for 15-20 minutes. Then 131 fl. 
oz. hydrochloric acid are poured in through a long-necked funnel, reaching to the bottom of the 
vessel. This operation should be performed under a chin/ey, as much sulphurous gas is given off. 
If the liquid has a faintly acid reaction, the decomposition is complete, and the whole is poured 
into a cask capable of holding 280 pints, which is filled up with water. The next morning, the 
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liquid standing over the sediment is run oflf through holes in the sides of the cask, till the bottom 
is only covered to the depth of 9-10 in. The vat is then filled anew with water, to which 4 per 
cent, by measure of satiuated hydrosulphite is again added. The next day, the water is again 
drawn off, and the sediment is thrown upon a filter, and washed. When completely drained, 7 lb. 
of a dense paste are obtained for every 2 lb. of indigo originally employed. To preserve this paste, 
it is suspended in gum water. 

The yield, as above, is mixed with 44 lb. thick gum water, containing in each If pint S lb. 1 oz. 
gnm. This mixture is the bleu-gomme. Gum Senegal should be used, as starch, calcined starch, 
and tragacanth have given bad results. 

It must be remarked that this process, like all the applications of the “ hydrosulphite ” to 
dyeing and printing, is patented in the United Kingdom. 

In the “ lapis style,” mordants with reserves are printed on. The following are specimens 
of these compositions. 

White lapis resist (for block and machine). — Water, 5J pints ; lime-juice at 53J° Tw., 6 lb. 9 oz. ; 
pipe-clay, 11 lb. Mix also separately ; water, 5> pints ; lime-juice at 53J° Tw., 4 lb. 6 oz. ; corro- 
sive sublimate, 3 lb. 13 oz. ; calcined starch, 11 lb. ; lard, 12| oz. ; turpentine, 6J oz. ; muriate of 
zinc at 98° Tw., 3i lb. Mix and boil. 

Bed lapis resist. — Bed liquor, 7 pints; verdigris, 6J oz. ; pipe-clay, 9 lb. 13 oz. ; lard, 4-i oz. ; 
turpentine, 4|- oz. Dissolve also separately ; arsenious acid, 12| oz. ; acetate of alumina, 5i pints. 
Mix also apart : acetate of alumina, 3i pints ; gum Senegal, 3i lb. ; muriate of zinc at 98° Tw., 
17J oz. ; extract of logwood at 6f° Tw., 8f fi. oz. Mix these three parts with the aid of heat, 
grinding them very well, and straining before use. 

The cylinders for printing should be engraved very deeply. The pieces are next aged for 48 
hours, at a temperature of 35° (95° F.), with the wet-bulb thermometer at 32° (89° F.). Dry for 
12 hours thoroughly at 30° (86° F.). If left damp, the pieces wiU not resist the vat. 

Dye blue for 3-5 minutes in the cold vat. Drain, wash for i hour in a current of water. Dung 
in folds for J hour in a beck at 60° (140° F.), with 4 pails of dung, and 15| lb. chalk, for 6 pieces 
of about 50yds. Wash; and dung a second time, in the same matter, but without chalk; and 
wash. 

Dye for 2 hours at 60°-70° (140°-158° F.), in the following beck : — Qarancine (for which will 
now be substituted a proportionate quantity of alizarine), 8f lb. ; sapan-wood, 6 lb. 9 oz. ; sumach, 
11 lb. ; bark, 17^ lb. ; glue in jelly, 7 pints (containing 17^ oz. dry glue). 

Wash till no more colour runs oflf ; chlore at |° Tw. Wash ; dry ; block in yellow, if needed ; 
and age for 24 hours at 30° (86° F.), the wet-bulb thermometer standing at 27° (80° F.). 

Here may be introduced a notice of the patented process of the late John Lightfoot, for com- 
bining indigo and madder efiects (No. 3668, Dec. 26th, 1867). 

He takes dry indigo, ground and prepared, Ij lb. ; tin crystals, IJ lb. ; caustic soda at 30° Tw., 

1 gal. These materials are put into the colour pan, and raised to a boil in i hour, when 1 gal. boiling 
water is added. The mixture is then allowed to become quite cold, and 2 gal. cold water are added, 
in which J lb. sugar has been previously dissolved. To this solution, are added 2J pints muriatic 
acid at 32° Tw., or 1 pint ordinary oil of vitriol, previously diluted with 1 pint water, and allowed 
to stand till cold, or 3 qts. acetic acid at 80° Tw. The indigo blue may also be precipitated by a 
mixture of double muriate of tin at 120° Tw., with any of the acids above mentioned, taking J pint 
of the tin solution to half the quantities of acid given above. But of all these precipitants, acetic 
acid alone is preferable. The indigotine precipitate is filtered through a deep conical filter, leaving 
exposed to the air as small a surface as possible. The pulp obtained from the above quantities, 
when filtered, should measure about 1 gal. 

To make a blue colour for printing, the patentee takes 4 gal. of the above precipitated indigo, 
and 14 lb. gum Senegal in powder, stirring till dissolved. The colour, when strained, is ready for 
printing. 

For a green colour, he takes 4i gal. indigotine precipitate, 18 lb. powdered gum Senegal, stirring 
till dissolved; 11 lb. nitrate of lead, and 11 lb. white sugar of lead, both in powder. The mixture 
is stirred till all is dissolved, and is then strained. 

Compound colours are made by mixing the blue and green colours with each other, or with 
ordinary mordants for dyeing. With the blue and green above described, and with the ordinary 
iron and alum mordants (as used in madder-work), he prints calico, and, after cooling, ages the 
pieces for a night. They are then fixed by passing the pieces into a solution of silicate of soda at 
8° Tw., to which is added 1 oz. powdered chalk in a gal. This bath is in a cistern fitted with rollers 
at top and bottom, and heated to 32° (90° iT). The pieces pass through this solution at the speed 
of 25 yds. a minute. They are then rinfcd in a tank of cold water, fitted with a reel about 4 ft. above 
the surface. By this process, tlie indigiine attached to the fibre is rendered blue. If the green 
mixture has been printed on, the pieces are next passed into a chrome beck at 38° (100° F.), con- 
taining 1 oz. bichromate of potash in a gal. of water. Here the pieces remain for 5 minutes, and are 
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then washed. They are next submitted to second dunging (the passage through silicate of soda 
being the fly-dunging) for 15 minutes, at 38° (100° P.), in a beck of cow-dung and water. They are 
next washed in water, and dyed with madder, munjeet, flower of madder (alizarine), garaneine, 
cochineal, or mixtures of garaneine with sumach and bark. The grounds are then cleared in the 
ordinary manner, preferably with chloride of lime. 

Patterns in indigo may also be produced with the vat. Either certain reserves (resists) are first 
printed on, and the pieces are then vatted ; or the cloth is first died a uniform blue, and discharges 
are afterwards printed on to form the design. Examples are given of the mixtures used for both 
purposes. 

White resene (block).— Blue-stone, 3 lb. ; water, 1 gal. ; pipe-clay, 15 lb. Beat up with some of 
the solution ; mix gradually to a smooth paste, and add thick gum Senegal water, 1 gal. ; and muriate 
of copper at 80° Tw., 1 qt. 

White reserve (machine). — Blue-stone, 2i lb. ; water, 1 gal. ; flour, 9 lb. ; British gum (dark), 2 lb. 

White resist (for lighter vat-blues). — Dark British gum, 25 lb. ; water, 15 lb. Boil for 10 minutes ; 
and add soft-soap, lb. When thoroughly incorporated, add sulphate of zinc, 20 lb. Stir in well, 
and add farther : — Water, 7^ pints ; pipe-clay, 10 lb. ; nitrate of copper at 80° Tw., 7| gal. Work 
all thoroughly together. 

Orange reserve. — Heat 2 lb. water to a boil, and add, with constant stirring, 1 lb. sugar of lead, 
and J lb. litharge j boU for 20 minutes, and add to the liquid, to which more water must be supplied, 
to compensate for the loss by evaporation, 1 lb. blue-stone, 2 lb. nitrate of lead, and li oz. verdigris, 
previously softened in acetic acid. The whole is let stand for a day, with frequent stirring; IJ lb. 
powdered gum Senegal, and 1 lb. sulphate of lead, are then stirred in ; and lastly, 2i oz. powdered 
sal-ammoniac, and 1 oz. lard, are added. If the colour is too stifl’, it is diluted with water. It is then 
strained, and printed on at about 50° (122° F.). Age for a day or two at 19° -25° (66°-77° P.). Dye 
in the cold vat ; dry, and sour at i° Tw. For raising the orange, take for 100 yds., 175 pints water, 
containing 8 lb. chromate of potash, and 16 lb. lime. Let settle ; run off the clear, and heat to a 
boil, at which temperature the pieces are passed through at such a speed that each part may occupy 
3 minutes in traversing the liquid. Einse well. 

Tellow reserve. — Blue-stone, 20 lb. ; water, 2 gal.; nitrate of lead, 20 lb. Dissolve; and thicken 
with flour, 12 lb. ; sulphate of lead pulp, 2 gal. Boil well together. 

The sulphate of lead pulp here mentioned is the sediment left on making red liquor with solution 
of sugar of lead and alum (or sulphate of alumina), after the liquid has been run olf. 

To produce a pale-blue pattern on a deep-blue ground, the entire pieces are first dyed a light 
shade in the vat. They are then withdrawn, thoroughly washed in water, taken through vitriol 
sours at 2° Tw., washed again, squeezed, and dried. One of the white reserves is then printed on, 
and the pieces are returned to the vat, and dyed the darker shade. The reserved parts appear as a 
pale-blue pattern on a deep-blue ground. 

To obtain a design in two blues on a white, muriate of manganese is printed on, thickened with 
dark British gmn, and is then peroxidized by being passed through chloride of lime and soda, as in 
the production of “ bronzes.” The goods are then dried, and those parts of the pattern which are 
to appear white are printed with a white reserve. The goods are next limed, vatted to shade, 
taken out, aired to oxidize the indigo, washed, and rinsed in weak muriate sours, to which a little 
protochloride of tin has been added. The pattern appears then in white and dark-blue on a light- 
blue ground, the white being where the discharge was applied, and the dark-blue where the indigo 
is fixed upon a bottom of manganese brown. 

If yellow or orange is to be obtained in addition, the yellow or the orange reserve (see above) is 
blocked in beside the muriate of manganese and the white reserve. Vitriol sours must be used 
here, and the yellow is then developed by a passage through bichromate of potash at 38° (100° F.) 
containing 2 oz. a gal. Wash in water, and pass through muriate sours at i° Tw., with the addition 
of 1 oz. oxalic acid a gallon. 

If a blue and green design is intended, the yeUow discharge above given, or one of a similar 
character, is printed on, and the goods are dipped in the vat to a full blue, washed, aired, washed 
again, taken through vitriol sours, at 2° Tw., washed again, and passed through the bichromate 
beck, but without any treatment in oxaUc-muriatic sours. The green is formed by the combination 
of the yellow and the blue. 

To produce two shades of the blue with a green, the cloth is vatted to a pale-blue a white 
reserve for light shades, and an orange reserve, are printed in. The usual operations are then gone 
through ; but after the bichromate process, the piece^ are taken through nitric acid which must 
be very dilute, otherwise the mdigo may be destroyed. The result is a dark-blue ground, with a 
design in pale-blue, where the white resists have been applied, and in green, where the orange has 
been printed. f 

The foUowing are examples of compositions for producing a design by discharging a vat-blue 
ground. 
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Bed and White dischargee on Vat-Blues. — Give a medinm blue in the vat. Steep pieces in 
bichromate of potash, 4| 02 . in If pint water, and dry on rollers, avoiding snn-light. Print on the 
following discharges : — 

White discharge. — Water, 7 pints ; white starch, 2 lb. 7J oz. Boil, and add while still warm, 
2 lb. 3 02 . tartaric acid, and then 21 J oz. oxalic acid, dissolved in 1 1 pint water. 

Red discharge. — Red liqnor, 14 qt. ; white starch, 17§ lb. Boil ; let one half grow cold, and 
add to it 7 lb. 10 oz. oxalic acid. Then add the other half of the hot mixtnre to complete the solu- 
tion of the acid. 

Preparation of the Bed Liquor. — Alnm, 2 lb. 3 oz. ; acetate of lead, the same weight ; water, 
3J pints. Print on the white and red discharges with the perrotine, or with a two-colour cylinder 
machine. Do not dry too strongly. Age in hot, bnt not moist, air, which is an essential condition. 
The next morning, dung as follows : — Into a beck with rollers, put 6 lb. 9 oz. neutral arseniate of 
potash, 27 lb. 7 oz. chalk, and 1750 pints water. Pass the pieces slowly through at a simmer, so as 
to keep the chalk in suspension. After leaving this beck, the pieces are strongly compressed 
between two rollers covered with cloth. After the first five pieces have passed, feed the beck with 
If oz. arseniate of potash, and a little chalk, per piece. After thus cleansing the pieces, dye up in 
alizarine, and take through boiling water. 

Green and Yellow on a Deep-blue Ground . — ^Boil the pieces with 2 lb. 3 oz. soda-ash per 100 yds. ; 
wash well, and take through a weak soda beck, containing per 100 yds., 8| oz. soda-ash at 38° 
(100° P.). Dry, calender, and dye a blue in the cold vat. Take through sulphuric acid at 1 • 4° Tw., 
starch slightly, dry, and calender cold. Print the following colours on the blue ground : — 

(1) Green Discharge. — 26f lb. pipe-clay, 6 lb. 9 oz. gum arable, the same weight of blue-stone, 
and of verdigris, 13 lb. 2 oz. nitrate of lead, and 6 lb. 9 oz. sugar of lead. The verdigris is dis- 
solved in acetic acid, and the gum in water ; the two solutions are stirred together, and the pipe- 
clay, previously softened in water, is added. The other ingredients are powdered, and stirred in by 
degrees. Water is added, enough to make the mixture fit for printing ; when it is boiled, the water 
lost by evaporation is replaced, and the colour is then ready. 

(2) Yellow Discharge. — Pipe-clay 19 Ib. 11 oz. ; verdigris, 2| lb.; blue-stone, 2 lb. oz.; 
nitrate of copper, 3J lb. ; the same weight of gum arable, 15J pints water, 6| lb. nitrate of lead, the 
same weight of sugar of lead, and 4 lb. 6 oz. nitric acid, at 143° Tw. Make up the colour without 
the nitric acid, stir all well together, and stir in the nitric acid just before using. 

Print on first the green and then the yellow. Age in the cold, till the discharge becomes 
visible on the back of the pieces. Take them through a weak vat to wet them, and then dye up to 
shade in a fresh vat. Sour without drying, wash off the colours, rinse, take through weak lime- 
water to remove the acid, and then through a beck of chromate of potash, containing 3J lb. chro- 
mate per 87 qts. water. The pieces are caused to move very slowly, so that the dyeing process may 
go on satisfectorily. Rinse, di y, stiffen, and calender. 

Dischabge Style. — B y a “ discharge ” (enlevage'), is understood a mixture which, if printed 
upon cloth previously dyed some uniform colour, e. g. Turkey-red, vat-blue, aniline-black, &o., 
destroys such ground colour, leaving a design which may be white, black, yellow, green, &o. The 
term “ discharge style ” is more especialiy applied to patterns of this nature obtained upon a 
Turkey-red. The following colours will serve as examples of these discharges : — 

White (for cylinder work). — Tartaric acid, 6 lb. ; water, 1 gal. ; starch, I J lb. 

White (for block work). — ^Tartaric acid, 10 lb. ; China-clay, 7J lb. ; perchloride of tin, IJ lb. ; 
gum water, 1 pint ; water, 1 gal. 

Black. — ^Logwood liquor at 4° Tw., 1 gal. ; yellow prussiate, 2 lb. ; thick gum tragacanth water, 

1 qt. ; flour, 2 lb. Boil, and add black liquor at 30° Tw., 2 qt When quite cold, add nitrate of 
iron at 80° Tw., 1 gRl. 

Blue . — Tartaric acid, 5 lb. ; water, 1 gal. ; tin pulp, 1 gal. ; double muriate of tin at 120° Tw., 

2 gal. ; gum tragacanth water, 2 gal. 

Yellow (block). — Lime-juice at 50° Tw., 1 gal. ; tartaric acid, 4 lb. ; nitrate of lead, 4 lb. When 
dissolved, add China-clay, 6 lb. ; gum Senegal, 3 lb. 

Yellow (cylinder). — Thicken the former with IJ lb. starch, instead of gum and China-clay. 

After any of these discharges is printed on, the pieces, when dry, are passed through the 
“ decolouring vat,” which is made up of 1000 gal. water and 1000 lb. chloride of lime, well raked 
up, and freed from lumps. A double set of wooden rollers at top and bottom is placed in the vat, 
and the liquid is kept constantly stirred up, so as to be perfectly uniform. The pieces are now 
allowed to run through the liquor at the ratg of 28 yds. in 3 minutes. On leaving the vat, they are 
run between squeezing-rollers into water, and are then rinsed for 10 minutes in solution of bichro- 
mate of potash at 4° Tw. Wash in j^e water, then in water soured with muriatic acid, and 
lastly in pure water ; after this, dry. EJeept where the discharge was printed on, the Turkey-red 
is unaffected ; but there, it is removed, and the ground is either left white, or a mineral colour takes 
its place. 
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Steam Coloots. — ^This style has latterly undergone a very great development. It includes the 
processes by which the aniline colours in the majority of cases are fixed upon cotton goods, and, in 
addition, the topical application of the coloura formerly obtained from madder, but now produced 
artificially. Printing upon woollen, worsted, and silk tissues, as well as upon mixed fabrics, such 
as delaines, coburgs, &c., is included in this style. 

The aim of steaming is to get a moist heat, both the temperature, and the degree of moisture, 
being carefully regulated, according to the class of the goods, the nature of the colours, &o. In 
some cases, the pieces after printing are exposed to the air, at common temperatures, for 12-24 hours 
before steaming ; whilst in others, they are steamed immediately. Sometimes, the goods are steamed 
for a time, taken out to air, and steamed again ; whilst on other occasions, the steaming is conducted 
for the necessary time without interruption. The temperatiue, the pressure, and the degree of 
moisture, vary greatly, some printers using very dry, and others very moist, steam. 

The apparatus in which the steaming is performed is called the “ steam-chest,” an iron 
chamber, generally about 9 ft. high, 6 ft. wide, and 12 ft. long. At one end, are well-fitting fold- 
ing doors, capable of being closed tightly, and held in place by bars and screws. The chest has 
a double bottom, the upper layer of which is on a level with the floor of the room, and is perforated 
with a great number of holes. Underneath this false-bottom, runs a steam-pipe, extending round 
three sides of the chest, and also perforated with holes, through which the steam escapes, and is 
further distributed by means of the holes in the false-bottom. A tramway is fixed upon the false- 
bottom, parallel with the sides of the steam-chest, and extending out into the room. Upon these 
rails, runs a carriage consisting of wooden rods, fixed in an oblong frame, as wide as the chest will 
allow, and as high as where tlie slope of the roof begins. 

Fig. 591 shows a longitudinal section of Mather & Platt’s steam-chest : — A is the body of the 
structure, of wrought-iron plates, in a cylindrical form ; B is the carriage, and wheeled frame, fitted 
with square wooden 
rollers, all geared 
together by spur- 
wheels, worked by a 
handle passing 
through a stufiBng- 
box to the outside of 
the chest ; D repre- 
sents the handles and 
wheels ; E, pieces 
hanging on the rol- 
lers ; F, perforated 
pipe for introducing 
steam ; G, escape pipe 
and tap for condensed 
water; H, movable 
door, hung with 
balance - weight ; K, 
pressure - gauge and 
safety-valve. 

When the goods 
are ready for steam- 
ing, the carriage is 
drawn out into the 
room, and filled with 
the pieces, which are 
one after another 
wound upon an open 
reel, the selvages 

being kept paialleL They are then drawn off the reel, and flattened, and a string is drawn through 
the selvages on one side, and looped. Through the loops, are thrust wooden rmis, resting on the 
sides of the frame-work. The carriage is run back into the chest, which is closed, and made steam- 
tight, the pressure being regulated by a safety-valve. After the lapse of the requisite time, 
which ranges from 20 minutes to 1 hour, the chest is o^ned, and the pieces are taken out, unrolled, 
and folded loosely, so as to be ready for rinsing. They are stitched together end to end, and taken 
flirst through a cistern of water, next through a very weafojolution of bichromate of potash • then 
washed, and drained in the centrifugal, ready for finishing ’ 

Before the colours are printed on, the calicoes are generally “ prepared ” by the foUowino’ pro- 
cess .-—The pieces are padded in a solution of stannate of soda, commonly known as “ alkaline 
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preparing salts,” at 10° Tw., in a machine fitted with wooden rollers. The padding is generally done 
twice, and, in the meantime, the pieces are allowed to remain wet for about 1 hour ; next they pass 
through sours, i. e. dilute sulphuric acid at lJ°-3° Tw., then into pure water, and are washed, so 
that no free sulphuric acid may remain upon them, but the washing must not be so severe as to 
remove the oxide of tin, which has been deposited upon the fibre. The pieces are then drained in 
the centrifugal machine, carefully dried at a gentle steam-heat, and are ready for printing. 

For heavy shades, the strength of the solution of stannate may be raised to 24° Tw. ; the pieces 
are left to lie wet for 2 hours, and are then taken through sours at 6° Tw., washed, and drained in 
the centrifugal. All these operations are then repeated once more in the same order, and the goods 
are then dried. Care must of course be taken to keep the sours up to the same point of acidity. 
Without attention to this point, they become rapidly weakened, and the fixation of the tin being 
thus rendered irregular, the colour subsequently produced wiU be uneven. 

If preparation with stannate of soda is useful for calico, it is in general absolutely necessary for 
worsted stuffs, and mixed goods. 

The following are examples of steam colours ; — 

Amber . — Gum substitute, 15 lb. ; olive oil, neutral, f pint ; bark liquor at 12° Tw., 3 gal. ; sapan 
liquor at 8° Tw., 2i pints; red liquor at 16° Tw., 3 qt. Half boll, and add 6 oz. tin crystals, pre- 
viously dissolved in 2 pints of the red liquor. Mix, and add ^ pint oxy-muriate of tin at 120° Tw- 
Mix well, and strain as fine as possible. 

Blacks ; (1) Machine work. — Logwood liquor at 6° Tw., 1 gal. ; starch, 1 J lb. ; boU, and add, 
whilst stiU hot, copperas, 5 oz. ; stir thoroughly, and, when the mixture has grown almost cold, add 
gallipoli oil, 2 oz. ; and nitrate of iron, well neutralized, 10 oz. 

(2) Another black. — Logwood liquor, 12° Tw., 1 gal. ; gall liquor, 9° Tw., 1 qt. ; mordant, 1 qt. ; 
flour, 2 lb. : starch, 6 oz. 

For the mordant, mix acetic acid, 1 qt. ; acetate of copper, 1| qt. ; black liquor, 24° Tw., li qt. ; 
red liquor, 20° Tw., 1 qt. 

(3) Black for Calico.— Dissolve in water 5 lb. 7i oz. solid extract of logwood, and allow the 
liquor to settle. Dissolve separately in water 17J oz. gum tragaoanth. Mix the two solutions, and 
boil. BoU out 2 lb. 3 oz. gall-nuts in water, and add the decoction _to the above, making up to 
17J pints. Let cool, and stir in 2 lb. 3 oz. nitrate of iron at 30J° Tw., and the same weight of black 
liquor at 26|° T w. Print, and hang up for 2 days, or preferably for a few hours ; steam well, and wash. 

(4) Black for printing Cotton Yarns. — Dissolve in water 5 lb. 7 oz. solid French extract of log- 
wood, and 17i oz. gum tragaoanth. Make up the mixed solution to 21 pints, in which dissolve 
4J oz. extract of bark. Let cool, and stir into the mixture 2 lb. 3 oz. black liquor at S0J° Tw., and 
17 oz. nitrate of iron at 98° Tw. Print, hang up for 2 days, steam, and wash. If a very blue tone 
is required, the nitrate of iron is left out. 

Blues; (1) Dark, for cylinder work. — 'Water, 7 gal. ; starch, 14 lb. ; sal ammoniac, 2f lb. ; boil, 
and add, while hot, yellow prussiate, ground, 12 lb. ; red prussiate, 6 lb. ; tartaric acid, 6 lb. When 
nearly cold, add sulphuric acid at full strength, 1 lb.; oxalic acid (previously dissolved in 2 lb. 
hot water), 2 lb. ; tin pulp (see below), 6 gal. 

Tin pulp is prepared as follows ; — The strongest double muriate of tin, a saturated solution of 
the protochloride of tin (stannous chloride), is mixed with as much solution of yellow prussiate as 
win throw down all the tin as a ferrocyanide. Wash in water by decantation, and drain on a filter 
tiU it becomes a stiff paste. 

(2) Aiulme Blue. — Bed liquor at 20i° Tw., 35 fl. oz. ; bisulphite of soda at 39J° Tw., 35 fl. oz. ; 
strong gum water, 3J pints ; aniline blue (Schlumberger, Brussels), 3i oz. The colour, when ready, 
is printed at once. The calico may either be printed without any preparation, or it may be padded 
in a soap-lye containing 1 oz. curd-soap per pint, and dried. After printing, steam for IJ hour. 
Wash, take through lukewarm soap-lye, and sour in weak muriatic acid. Wash, and dry. 

(3) Prussian Blue for Shawls, &o. — Boil up 10 oz. starch to a uniform paste with 7 pints water ; 
stir into it 2^ lb. yellow prussiate, li lb. red prussiate, 7 lb. tin pulp, 4 lb. tartaric acid, J lb. oxalic 
acid, 5i pints water, and 1 oz. sulphuric acid. 

Browns : (1) Catechu Brown.— Boil 4 lb. catechu in water ; let settle, and strain off the clear. 
The Uquor thus obtained is mixed with 1 lb. red liquor at 8i° Tw., and thickened with | lb. gum 
tragacanth. 

(2) Dark Brown. — Gum starch, 6 lb. ; satin gnm, 9 lb. ; olive oil, 2 pints ; red liquor at 17 Tw., 
16i qt. ; acetic acid at 7° Tw., 6 pints; catechu liquor, 4 gal. j sal ammoniac, 4 lb. ; sapan liquor 
at 8° Tw., 4 qt. ; logwood Uquor at 10° T\j., 4 qt.; acetate of copper, 1 qt. ; nitrate of copper at 
86° Tw., 1 qt. Boil well, and strain. 

(3) Bimas Brown.— Extract of BimiV at 5i° Tw., 3360 parts ; acetic acid at lli° Tw,, 560 parts ; 
cubic catechu, 560 parts; sal ammoniaV, 140 parts; verdigris, 105 parts. Thicken with gum 
arabic, 2000 parts. 

(4) Berry Brown.— Berry Uquor at 20° Tw., IJ gal. ; BrazU wood Uquor at 8° Tw., 1| gal. 
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Etlom, 3 lb. ; lavender liquor, f gal. ; gum Senegal water, at 6 lb. to tbe gal., IJ gal. ; nitrate of 
copper at 100° Tw., li lb. 

(5) Brown Standard.— Bark liquor, 12° Tw., 3i gal. ; sapan liquor, 12° Tw., 3i qt. ; logwood 
liquor, 12° Tw., IJ qt. ; gum substitute water, 8 lb. to the gal., 3 gal. ; alum, 3i lb . ; chloride of 
potash, 2 oz. ; red prussiate, 5 oz. 

Light browns are obtained by letting this standard down with gum water. 

(6) Another Brown.— Bark liquor, 12° Tw., 3 gal. ; berry liquor, 12° Tw., 3 gal. ; logwood liquor, 
12° Tw., 2 gal. : sapan liquor, 10° Tw., 2 gal. ; British gum, 48 lb. Boil, and add alum, 3 lb. ; 
sal ammoniac, 2 lb. ; sulphate of copper (blue-stone), 2 lb. ; nitrate of copper, 8° Tw., 2 pints ; 
lUao standard, as below, 3 gal. 

To prepare the lUao standard, take gum Senegal, 4 lb. ; red prussiate of potash, 8 oz. ; alum, 
12 oz. ; oxalic acid, 1 oz. ; binoxalate of potash (salt of sorrel), 2 oz. Dissolve in logwood liquor, 
20° Tw., 1 gal., previously heated to 79° (173° F.). 

(7) Another Brown.— Berry liquor, 3° Tw., 1 gal.; logwood liquor, 8° Tw., J pint; peach wood 
liquor, 8° Tw., i gal. ; solid nitrate of copper, 24 oz. ; alum, the same weight. Thicken according 
to shade with gum Senegal water. 

£uff . — Bark liquor, 10° Tw., 1 gal. ; madder liquor, 3 gal. ; red liquor, 14° Tw., § gal. ; starch, 
7 lb. Boil, and add crystals of tin, 2 oz. 

Chocolates : (1) Cylinder work. — Sapan liquor, 12° Tw., 2 gal. ; logwood liquor, 12° Tw., 3 gal.; 
bark liquor, 12° Tw., i gal. ; nitrate of alumina, 1 gal. ; water, 4 gal. ; starch, 17 lb. BoU, and add 
red prussiate of potash, 2J lb. ; chloride of potash, 8 oz. 

To prepare the nitrate of alumina, take boiling water, 4 gal. ; crystal nitrate of lead, 12 lb. ; 
alum, 12 lb. ; carbonate of soda crystals, 2 a lb. Stir till perfectly dissolved, let settle, and decant 
the clear. 

(2) Alizarine Chocolate. — Alizarine paste, 15 per cent., 2 lb. ; thickening, 2| gal. ; nitrate of 
alumina, 26|° Tw., If lb. ; acetate of alumina, 18f° Tw., f lb. ; red prussiate of potash in hot water, 
f lb. ; acetate of lime, 26|° Tw., 1 lb. 

In order to obtain a yellowish chocolate, add, for each quart, 1 oz. extract of bark at 30f° Tw. 

This chocolate may also J)e prepared from stale red colours by adding to them, for each quart, 
|-1 oz. red prussiate of potash dissolved in hot water. 

(3) Chromium Chocolate. — Take 70 fl. oz. Pernod’s extract of madder in paste ; the same measure 
of acetic acid at 9^° Tw., and 105 fl. oz. acetate of chromium at 25i° Tw. Mix well, print, and 
steam. 

In place of Pernod’s extract, a proportionally smaller quantity of alizarine will now be used. 

(4) Chocolate. — Sapan liquor at 9° Tw., 12 qt. ; nitrate of alumina, 3 qt. ; logwood liquor at 
12° Tw., 6 qt. ; yellow prussiate, 6 oz. ; red prussiate, 6 oz.; chlorate of potash, 9 lb. 

Cinnamon. — Cochineal liquor at 8° Tw., 1 qt.; logwood liquor at 8° Tw., 1 qt. ; berry liquor at 
10° Tw., 1 qt. ; alum, 6 oz. ; alum 4 oz. ; cream of tartar, 4 oz. ; starch, f lb. Boil, and, while still 
warm, add tin crystals, 3 oz. 

Dark Drab. — Berry liquor at 12° Tw., 4 qt. ; gum substitute, 7 lb. Boil, cool, and add alum, 
24 oz. ; copperas, 16 oz. ; logwood liquor at 2° Tw., 1 qt. ; cochineal liquor at 3° Tw., 1 qt. 

Drab . — Lavender liquor, 2 gal. ; blue standard, 2 gal. ; bark liquor 8° Tw., 2 qt. ; gum water, 
20-35 gal. 

To make the blue standard, take water 2 gal. ; yellow prussiate, 4 lb. ; alum, f lb. ; sulphuric 
acid, 170° Tw., If lb. 

Greens : (1) Berry liquor at 11|° Tw., 7 pints; red liquor at Ilf" Tw., If pint ; blue mixture, 
as below, 7 pints. When cold, add solution of chloride of tin at 113i° Tw., 8f oz. ; white starch, 
20 oz. Steam twice for 20 minutes each time ; wash, dry, and finish with 350 pints cold water, 
88 lb. white starch, and 4 lb. 6 oz. stearine. 

To make the blue mixture, dissolve 22 lb. yellow prussiate, 3 lb. 4 oz. tartaric acid, and the 
same weight of oxalic acid in 87f pints boiling water. 

(2) Cmruleine Green.— Gum water, 17 a qt. ; cseruleine, 7 qt. ; bisulphite of soda, If pint. To 
be added on using, acetate of chrome at 26f° Tw., 3i pints. 

(3) Bark Green.— 2i lb. starch. If gal. bark liquor at 16° Tw. Boil, and add 9 oz. alum. If oz. 
oxalic acid, 8 oz. tin crystals. When half cold, add 1 lb. 14 oz. tartaric acid, 3 lb. 6 oz. yellow 
prussiate. If pint tin pulp, f pint olive oil. After steaming, pass through chrome liquor at 4f° Tw. 
Wash in clear water, and dry. 

(4) Aloes Green. Chrysammide (the product of cl^ysammio acid on treatment with ammonia), 
thickened according to shade with gum water. 

After steaming, this colour comes up a rich moss gree^ which is not affected by boiling water, 
nor by the madder baths, and is capable consequently of / variety of useful applications. Thus an 
aloes green ground may be obtained ; iron and alum mordants may be printed on, and the piece may 
be dyed with alizarine, giving red, purple, chocolate, and black figures, on a green ground. 
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(5) Green for Blotch Grounds.— Bark Uqnor at 10° Tw., 4 gal., boUed np with 6 lb. starch. Add 
alum, 21 Ib. ; tartaric acid, 3 lb. ; yellow prussiate of potash, 6 lb . ; oxalic acid, 12 oz. ; and tin 
piilp. i gal- After printing, take through a weak bath of bichromate of potash, to raise the 
colour. 

(6) Green for Block Work. — Yellow prussiate, 14 lb., dissolved in very hot water, 3 gal. Mix 
meantime, in another vessel, water, 1 gal. ; double muriate of tin at 120° Tw., J gal. ; and gum 
Senegal water, at 6 lb. per gal., 5 gal. Now mix these two liquids by pouring them rejjeatedly 
backwards and forwards, and stirring thoroughly. When perfectly mixed, add berry liquor at 
10° Tw., 6 gal. : tartaric acid, 5 lb. ; oxalic acid, IJ lb., previously dissolved in 2i gal. water ; 
acetic acid, li qt. ; extract of indigo, pint. 

Greys ; (1) Aniline Grey for Calico. — Dissolve 21f oz. chlorate of potash in 6 pints boUing water. 
When cold, add Ilf pints gum water, 10^ oz. sal ammoniac, 3J lb. chromo-tartrate of potash at 
49^ Tw., oz. aniline, and 2 lb. 8^ oz. tartaric acid. Print on, age for 48 hours at 32° (89° F.), 
and wash for 1 hour. Lighter shades are produced by increasing the gum. This grey gives a fine 
ground, and can be submitted to aU the operations necessary for alizarine reds, except passing 
through a salt of tin. 

To prepare the chromo-tartrate of potash, 33i oz. bichrome are dissolved in 5i pints boiling 
water. When it has cooled down to 43° (110° P.), add gradually 3 lb. 2i oz. tartaric acid in fine 
powder, avoiding a rise of the temperature. 

(2) Uranium Madder Grey. — Add together 70 fl. oz. extract of madder in paste, the same 
measure of acetic acid at 9i° Tw., and 105 fi. oz. acetate of uranium at 14° Tw. 

Lavender . — Lavender liquor, 4 gal. ; blue standard, 4 gal. ; gum water, 24-48 gal. 

The lavender liquor is prepared by mixing 2 gal. red liquor at 18° Tw. with 6 lb. ground 
logwood. Steep for 48 hours, and strain oif the clear. A stronger quality is made from 10 lb. 
logwood with the same quantity of red liquor. 

For blue standard, take 1 gal. water, f lb. oxalic acid, 4J oz. yellow prussiate, 28 oz. gum 
substitute, water 1 gal. 

Lilac. — Pink standard, 6 gal . ; purple standard, 2 gab ; gum substitute, 20 lb. 

For pink standard, mix cochineal liquor at 6° Tw., 4 gal. ; alum, 2 lb. ; cream of tartar, 2 lb. ; 
oxalic acid, J lb. 

For purple standard, logwood liquor at 12° Tw., 2 gal. ; alum, 12 oz. ; red prussiate, 8 oz. ; and 
oxalic acid, 4 oz. 

Orange. — Mix Saturn red (Baden Aniline and Soda Co.), 9 lb. 13 oz. ; glycerine-arsenic, 7 fl. oz. ; 
water, 44 fl. oz. ; blood-albumen thickening, lOJ pints ; gum water, 3^ pints. 

The gum water is made by dissolving 2I| oz. gum Senegal in 1| pint water. 

For the glycerine-arsenic, dissolve 2 lb. 8| oz. arsenious acid in 17^ pints glycerine at 36° Tw., 
and concentrate to 100° Tw. 

To make the blood-albumen thickening, dissolve 13 lb. 2 oz. blood-albumen at a gentle heat in 
16 pints of water, 7 fl. oz. caustic ammonia at 10 per cent., and 8 J fl. oz. oil of turpentine. Print, dry, 
steam, and wash. 

Pinks; (1) Sapan-wood Pink. — Sapan liquor at 3° Tw., 1 gal. ; pink salt, 1 lb. ; sal ammoniac, 
J lb. ; oxalic acid, 1 oz. ; blue-stone, 1 oz. ; thick gum water, 1 gal. 

(2) Pink Standard (Cochineal). — Cochineal liquor at 6° Tw,, 4 gal. ; alum, 2 lb ; bitartrate 
of potash (cream of tartar), 2 lb. ; oxalic acid, J lb. ; thick gum Senegal water, 4 gal. 

(3) Mixed Pink. — Sapan liquor at 8° Tw., 5 gal. ; cochineal liquor at 8° Tw., 1 gal. ; nitrate of 
alumina, | lb. ; alum, 3 lb. ; oxalic acid, 2 oz. ; chlorate of potash, 8 oz. When these ingredients 
are perfectly mixed up, add 12 gal. gum water. 

(4) Cochineal Pink. — Cochineal liquor, 8° Tw., 1 gal. ; starch, 20 oz. Boil a little, and add 3 oz. 
oxalic acid. Dissolve, strain, print, steam for 40 minutes at 3 lb. pressure ; let lie for a night, and 
run through very weak alum-water. 

Purples ; (1) Alizarine Purple. — Alizarine paste, 15 per cent., lb. ; thickening for purple, 
2J gal. ; pyrolignite of iron, 17° Tw., f lb. ; acetate of lime, 23i° Tw., | lb. After printing, the 
pieces are steamed for 1-2 hours at a pressure of i atmos., and then aged for 24-36 hours. The 
steam should be very moist. The pieces are gathered on rollers, and rinsed for 1-1 J hour through 
the following baths, heated to 50°-60° (122°-140° F.) Water, 250 gal. ; ctalk, 40 lb. ; arseniate 
of soda, 10 lb. Wash, soap fori hour in a bath containing 3 lb. soap to 10 pieces of 50 yds. each, 
heated to 60°-71° (140°-160° F.). Wash ; dry ; if needful, give another light soaping. The best 
results are obtained by steaming perfectly di-y pieces with wet steam. 

The thickening for purples, above mentfcned, consists of wheat starch, 12 lb. ; water, 4J gal. ; 
tragacanth mucilage, 2J gal. ; acetic ac^, 11-2° Tw., 3 qt. ; olive oil, 2 lb. 

It is to be remarked that alizarine shades, when obtained by dyeing upon mordants previously 
printed upon the fibre, are more beautiful, more transparent, faster, and more economical than when 
fixed by steaming. Hence alizarine colours ought not to be applied by steaming, except when it 
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is absolutely necessary, i. e. when bines, greens, yellows, oranges, catechu browns, greys, mauTes, &a, 
have to be associated with alizarine reds and purples. 

(2) Logwood Purple. — Logwood liquor at 16° Tw., 1 J gal. ; red liquor at 20° Tw., IJ gaL ; car- 
bonate of soda, 1 oz. ; crystal soda, 5 oz. ; red prussiate, 5 oz. ; ozalic acid, | lb. ; gum Senegal, 10 lb. 
Boil, cool, and strain. 

£eds or Boses ; (1) Magenta Red. — ^Magenta crystals, | oz. ; acetic acid, 6J oz. ; water, 3 oz. 
Dissolve at a boil. Meantime mix for thickening ITJ fl. oz. red liquor at 21|° Tw. ; the same measure 
of water, and 12 oz. dextrine. Boil, cool, and mix with 4J oz. thick gum water. 

(2) Or, — j-f oz. m^enta crystals, i lb. alcohol, 10 oz. boiling water. Dissolve, and add J oz. 
oxalid acid. Thickening : — 17J oz. thick gum water, 18 oz. decoction of galls at lli° Tw., 9 oz. 
acetic acid. Mix, and add to the red ; and stir in further 17 J oz. thin gum water. 

(3) Or, — If pint red liquor at 14° Tw., 2| oz. arsenite of soda, and | oz. magenta. Steam for 
1 hour, soap, and wash in pure water. 

This process is applicable also to other aniline colours. 

(4) Aniline Bose. — Water, 35 oz. ; starch, 6 oz. ; red liquor, 35 fl. oz. Dissolve, and stir in 7i oz. 
roseine carmine (Baden Aniline Works). 

(5) Safiranine Bed for Calico. — Mix i pint saflranine paste with 1 0 pints of the subjoined thicken- 
ing : — 1 gal. acetate of alumina (red liquor) standard, 1 gal. of water, and 2 lb. starch. BoU, cool, 
and add 1 pint arsenic and glycerine standard. 

The acetate of alumina standard is made with 1 gal. boiling water, and 21 lb. alum. Dissolve, 
and add 3 lb. white acetate of lead. Dissolve, let settle, and use the clear. 

The arsenic-glycerine standard is composed of 1 gal. white glycerine, 4 lb. arsenious acid ; boil 
till dissolved, and filter. 

Print the colour on, and steam for | hour. 

(6) Or, — Dissolve J oz. safiranine in 3J oz. hot water. Make prepared thickening ; 2 lb. 3 oz. 
acetate of alumina at 21 j° Tw., 17} oz. arsenite of soda at 98° Tw., 1 lb. 10 oz. acetic acid. Mix; 
dissolve separately 2 lb. 3 oz. soda, and the same weight of white arsenic in 2f pints of water. Mix 
all together, and add 3 lb. 4 oz. gum water at 2 lb. 3 oz. per If pint. 

Take 5 lb. 7} oz. of the thickening, and lib. 1} oz. solution of safiranine. Steam as in the 
former process. 

This colour is applicable for mixed goods. 

(7) Eosine Bed. — Print with a thickened solution of eosine ; steam, and pass into a bath of acetate 
of lead. 

(8) Or, — Animalize with albumen, and dye in solution of eosine. 

(9) Or, — Thicken a solution of eosine with white starch, or gum tragacanth ; add arsenite of 
alumina (i. e. mixture of arsenite of soda and red liquor as given under safiranine). Print upon cloth 
prepared with tin ; steam, and wash. 

(10) Or, — Mix a solution of eosine with acetate of lead, acetate of tin, or. red liquor thickened. 
Print upon calico prepared with tin, or oiled. Steam, and wash. Upon oiled calico, the shades are 
bluish. 

(11) Or,— Prepare the calico with solution of glue ; print on a mixture of eosine with three times 
its weight of tannin ; steam, and wash. 

(12) Grain Ponceau. — Boil 17} oz. cochineal in 10} pints water. Boil out the residue again in 
water ; mix the decoctions, and evaporate down to 10} pints ; let cool, and settle. In the clear 
liquid, dissolve 6} oz. oxalic acid, 3} oz. white starch, and 4| oz. white glue. Print, steam at 88° 
(190° F.), and rinse. 

(13) Grain Bed for Mixed Silk and Cotton Goods.— Mix 1 oz. extract of cochineal at 6-8° Tw. 
(for heavy shades this may be doubled), with the same quantity of berry liquor at the same strength. 
Thicken with 17} oz. gum tragacanth ; boil, stir till cold ; dissolve in the liquid, 8| oz. oxalic acid, 
and 3} oz. tin crystals. Make up to 17} pints. Print, dry, hang up for 24 hours, steam for 1 hour 
at 100° (212° P.), and rinse. 

(14) Alizarine Bed for Grounds.— Alizarine paste, 15 per cent., 1} lb. (if 10 per cent., 2 lb.) ; 
acetic acid at 8-2° Tw., 1 qt. ; water, 2 qt. ; olive oU, | lb. ; acetate of lime, 14° Tw., | lb. ; wheat 
starch, 1 lb. Boil the whole, stir well till cold, and add acetate of alumina, | lb. 

(15) Ditto for Mille Fleurs.— Alizarine paste, 15 per cent., 5i lb. ; thickening for reds, 10 qt. ; 
nitrate of alumina, 21}° Tw., i lb. ; acetate of alumina, 17° Tw., 1} lb. ; acetate of lime, 23}° Tw., 
I lb. 

(16) Ditto for very deep Beds.— Alizarine paste, 15 per cent., 6S lb. ; thickening for reds, 10 qt. ; 

nitrate of alumina, 21}° Tw., | lb. ; acetate of aluitina, 17° Tw., Ij lb. ; acetate of lime, 23}° 
Tw., 1 lb. , 

(17) Bed without Olive Oil.— Alizarine paste, 15 percent., 53 lb. ; acetic acid, 11-2° Tw., 91 lb. ; 
flour, ^ lb. ; water, } lb. Boil to a paste, stir till cold, and then add acetate of lime, 2^° Tw., 
5} oz. ; nitrate of alumina, 21|° Tw., 2 lb. ; hyposulphite of lime, 12-6° Tw., 3 lb. 



CALICO-PEINTING. 


851 


Red and Pink.— Alizarine paste, 15 per cent., 3^ lb.; thickening for red, 8 qt. ; aeetate of 
alumina, 17° Tw., 1 lb. ; acetate of lime, 23^° Tw., J lb. For pink, add 2-3 times its weight of 
thickening for red. 

If a dark-red design is to be covered by a lighter red, the dark-red is first steamed for 1 hour. 

After printing the second colour, it is again steamed for 1 hour, and hung up for 21 hours. 

The pieces are then taken through either of, the two following baths: — (A) Water, 250 gal.; 
chalk, 60 lb. ; tin crystals, 3 lb. (B) Water, 250 gal. ; chalk, 40 lb. ; arseniate of soda, 10 lb. 

The baths are heated to 50°-62° (122°-143° P.), and the passage lasts for 1-1 J minute. Wash 
and rinse in the following soap becks, each warmer than the former, and prepared as follows (for 
ten pieces of about 50 yards each) : — First beck : Soap, 3 lb. ; tin crystals, J lb. ; heat, 50° (122° F.) ; 
time J hour. Second beck : soap, 3 lb. ; heat, 76° (167° F.) ; time J hour. Third beck : soap, 3 lb. ; 
heat, 75°-80° (167°-177° P.); time, J hour. After each soap bath, the pieces are well washed. 

The thickenings and mordants here mentioned, are prepared as follows : — Thickening for reds. 

No. 1. — ^Wheat starch, 12 lb.; water, 5 gal. ; acetic acid, 8'2° Tw., 1 gal.; tragacanth solution 
(2 oz. per qt.), 2A gal. ; olive oil, which must be thoroughly incorporated with the mass, 3 lb. 

Stir till perfectly cold. 

Thickening for red. No. 2. — Whe.at starch, 12 lb. ; water, gal. ; acetic acid, 8 "2° Tw., 4i gal.; 
olive oil, 3 lb. 

Nitrate of Alumina Mordant. — Nitrate of lead, 20 lb. ; alum, 20 lb. ; boiling water, 5 gal. Let 
the sulphate of lead settle, and draw off the clear. If the nitrate of alumina is used instead of 
the acetate, it causes the red to turn more to a scarlet ; but it requires the nse of a little more 
acetate of lime than acetate of alumina. 

Acetate of Alumina Mordants. — Dissolve first 68 lb. alum in 100 gal. water, and precipitate by 
adding a solution of 62 lb. soda crystals in 150 gal. water. This precipitate, which is a basic 
sulphate of alumina, is washed three times by decantation. It is then thrown on a filter, let drain, 
and pressed. Of the paste thus obtained, 30 lb. are placed in 6 qt. acetic acid at 11 ‘2° Tw., and 
heated to 32° (90° F.), till complete solution has taken place. It is then filtered, and diluted with 
water to the strength required. 

As a general rule, 100 parts alizarine paste at 15 per cent, require 30 parts acetate alumina at 
17° Tw. 

Acetate of Lime Mordant.— The solution of acetate of lime at 23^° Tw. contains about 25 per 
cent, of the salt. For a neutral well- washed paste, at 15 per cent, about 15 per cent, of its weight 
of acetate of lime is used. 

Alizarine reds produced by printing, are never quite so beautiful as the corresponding shades 
obtained by dyeing upon mordants according to the madder style. 

Violets; (1) Galleine Violet. — Paste Galleine, 35 qt.; gum water, 17^ qt. ; acetate of chrome- 
at 26i° Tw., If qt. Print and steam. 

(2) Hofmann’s Violet. — Mix the dissolved and filtered colour with red liquor, and with a 
solution of arsenious acid in glycerine. Thicken with gum and starch. Steam for 1 hour, and 
soap gently. 

(3) Aniline Violets. — J oz. Hofmann’s or Perkin’s violet, 13J oz. hot alcohol. (There are now 
violets perfectly soluble in water). Dissolve, filter, and add immediately IJ oz. tannin, i oz. ox.alio 
acid. Let cool, and meantime mix 24 lb. thick gum water, 18 oz, water, 18 oz. acetic acid. Stir 
up well, and add to the above solution of colour. Print and steam. 

(4) Or,— 17j oz. pure tannin are dissolved in 15J pints gum water, and an amount of aniline 
violet is added according to the required shade. Print, steam, enter the pieces at 57°-82°(135°-180° F.) 
into a bath of tartar emetic, containing ^ oz. of this salt per 1 1 pint ; wash and dry. Or the 
pattern may be printed on with a thickened solution of tannin, ranging from f oz. per If pint for 
pale, to 4^ oz. for full shades, steamed, and passed into a bath of tartar emetic. They are then 
well washed and dyed in the bath of aniline violet, raising the temperature gradually to a boU, 
which is kept up for 20 minutes. Wash, and soap sliglitly. 

This process is applicable to various other aniline colours. 

Yellow. — Berry liquor at 12° Tw., 4 gal. ; alum, 14 lb. 

Spibit CoLOHB Style, oe Application Colocbs.— T his style differs from the steam style, 
because the colours employed contain so large a proportion of acid mordants, chiefly the chlorides 
of tin (or, as they are technically called, “spirits”), that steaming would be impracticable. After 
printing, the goods are carefully dried, aged for a few hours, rinsed, washed with cold water, and 
are then ready for drying off. The colours are bright, but, as a rule, not enduring ; and the cloth 
is often weakened by the action of the stfcng mordants. The colours, as will be seen, bear a 
considerable resemblance to those employed in the steam style. 'The following are examples : — 

Block Blue. — ^Water, 1 gal.; yellow pr^siate, 1 lb. ; alum, 6 oz.; starch, 20 oz. Boil, and after 
letting cool down to 43° (110° F.), add nitrate of iron at 80° Tw., 15 oz. ; and oxymuriate of tin at * 

120° Tw., the same quantity. 
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Brown . — Berry liquor at 80° Tw., 1 gal . ; light British gum, 2 lb. Boil, and add tin crystals, 
1 lb., and of the pink colour and the purple colour given below, 2 qt. each. 

Chocolate . — Sapan liquor at 8° Tw., 3 qt. ; logwood liquor at 10° Tw., 2 qt. ; bark liquor at 
13° Tw., 1 qt. ; starch, 3 lb. Boil ; when cooled down to i3° (110° F.), add further oxymuriate of 
tin at 100° Tw., 1 pint ; nitrate of copper at 80° Tw., J pint ; and olive oil, 1 pint. 

Green. — Mix the blue and the yellow colours here given, according to shade. 

Pink . — Sapan liquor at 14° Tw., 1 gal. ; sal ammoniac, J lb. ; gum water, at 6 lb. per gal., 
1 gal. ; oxymuriate of tin at 120° Tw., 1 pint. 

Special Pink (for blocking in madder-work). — Sapan liquor at 10° Tw., 4J gal. ; pink salt (i. e. 
double chloride of tin and ammonium), 9 lb. ; sal ammoniac, 3 lb. ; blue-stone, 2 lb. ; oxalic acid, 
5J oz. ; water, 1 pint ; gum Senegal water (6 lb. per gal.), 4J gal. ; oxymuriate of tin at 120° Tw., 
IJqt. 

Purple. — Logwood liquor at 8° Tw., 1 gak ; water, 1 gal. ; copperas, 10 oz. ; starch, 2 lb. Boil, 
and add protochloride of iron at 80° Tw., 1 pint; oxymuriate of tin at 120° Tw., 1 pint. 

Bed . — Sapan liquor at 4° Tw., 3 gal. ; sal ammoniac, 1 lb. ; verdigris, 1 lb. ; starch, 4J lb. 
Boil, and add when cold, pink salt, 5 lb. ; oxalic acid, 1 lb. 

Feifow.— Berry liquor at 10° Tw., 1 gal. ; alum, 8 oz. ; starch, 1 lb. Boil, and add double 
muriate of tin at 120° Tw., 1 pint. 

Such of the coal-tar colours as can bear the presence of acids, e. g. acid rubine, may, if desired, 
be applied in spirit styles. 

Manganese Bronze Style. — T his style of calico-printing is in much less demand than was 
formerly the case. A brovrn ground is produced over the entire surface by padding in solutions of 
a salt of manganese, drying and padding in soda lye, first at 24° Tw., and then at 12° Tw., rinsing 
in water, and taking through bleaching lime at 2° Tw., washing again in water, and drying. By 
these processes, manganese peroxide is uniformly deposited over the fibre. Various colours are then 
printed upon this ground, so made up as to discharge it, and become fixed in its place, the result 
being designs in white, black, red, green, blue, yellow, &c., on a brown ground. After printing, 
the pieces are hung up for a few hours, rinsed in a flow of water, again in chalk water, and then 
again in pure water, and, in case of chrome yellow-greens, in a solution of bichromate of potash at 
about 40° Tw. Lastly, the goods are washed and dried. 

As specimens of the discharge colours printed on, the following are given : 

m«c.— Water, 2 gal. ; light British gum, 8 lb. Boil, and add tartaric acid, 8 lb. ; double 
muriate of tin at 120° Tw., 1 gal. 

Pink. — Brazil-wood liquor at 12° Tw., 1 gal. ; blue-stone, 2 oz. ; sal ammoniac, the same 
weight ; starch, 2 lb. Boil, and add oxymuriate of tin at 120° Tw., 8 fl. oz. Mix 2 qt. of the 
above colour with 1 qt. double muriate of tin at 120° Tw. 

PissiENT Style.— T he colours employed in this style are not soluble dyes, but insoluble colours 
or pigments, which are fixed upon the fibre by various mediums. This style has of late been much 
improved, and otfers the advantages of solidity aud permanence, combined with a lightness and 
brilliance equalling, in many cases, those of colours formed in the fibre. 

The pigments chiefly employed in this style are ultramarine of various shades, from greenish- 
blue to a full blue, violet-blue, and even a reddish-violet ; vermilion ; several ochres ; zinc-white ; 
certain chrome colours, such as chrome-yellow, chrome-green, Guignet’s green, Wilner’s green, 
lamp-black ; sienna ; umber, &c. 

The vehicles or mediums employed for attaching these pigments to the fabric are albumen, 
caseine, or, as it is often called, lacterine. Blood-albumen may be used for all save the lightest 
and brightest colours. The pigments are ground up in albumen, thickened often with” gum 
tragacanth, printed and steamed. The albumen is thus coagulated, and the colour is permanently 
attached to the fibre. 

Pigment printing is chiefly confined to such parts of designs as consist of small dots, stars, and 
flowers: more rarely to bioad stripes, large foliage, &c. It afibrds the means of producing many 
pleasing effects which would not otherwise be practicable. 

Pigment colours, and other colours fixed by means of albumen, may be dischar<'ed by printino- 
in the juice of the papaw-tree {Carica pap thickened with gum. o r o 

Aniline B/uci.— Aniline black seems to form a distinct styTe, but is capable of beinir combined 
with a great variety of colours, produced according to the styles already described 

Aniiine Blacks for Tam Printing.— Gma tragacanth water, la pint ; water, 2A pints ; sublimed 
aniline muriate, 9i oz. ,- chlorate of potash, 2} oz. Immediately before use, work in 2i oz sulphide 
of copper. The colour thus made is printed ; the pieces are dried, and aged for 48 hours at 30° 
(86° F.) in a moist atmosphere. As soon as the colour aj^iears of a blackish-<rreen the yams are 
washed, taken through weak bichromate of potash, the/ through a solution of soda washed and 
dried. ’ ’ 

Aniline Black for Machine WorA-Ohlorate of potash, 159 parts ; sal ammoniac, the same weight ; 
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moist sulphide of copper, 150 parts; white starch, 360 parts; calcined starch, 180 parts; water, 
2300 parts. Boil, stir till cold, and add 317 parts sublimed aniline salt, previously dissolved in 
9000 parts cold water. 

Prussiate Aniline Black. — Chlorate of aniline, 34 parts ; prussiate of aniline, 12 parts ; water, 
34 parts; gum tragacanth water (containing 4J oz. per If pint), 12 parts. This mixture may also 
be thickened with starch paste, both for block and machine work. 

The chlorate of aniline is prepared by dissolving 5 parts tartaric acid in 10 parts boiling water, 
and, separately, 4 parts chlorate of potash in 12 parts boiling water. These two hot liquids are 
mixed together, 20 parts cold water and 3 parts aniline being added. After this addition, the 
liquid takes a faint yellowish tinge, and stands at 9i° Tw. 

To obtain a prussiate of aniline, treat 7 parts yellow prussiate with 3 parts sulphuric acid, pre- 
viously diluted with 14 parts water. After some days, the yellow colour disappears, and a deposit 
of sulphate of potash is formed. To 100 parts of the solution thus obtained, are added 128 parts 
of water and 20 of aniline. 

White Discharge upon Aniline Blacks. — Thicken an acid solution of the permanganate of potash 
with finely-ground siliceous earth and China-clay, and block on. Take through oxalic acid, when 
dry. No organic matter must be used for thickening the permanganate. 

Amline Black, with Design in White, MAddeb Bed, and Chrome Orange. — This process 
illustrates the manners in which aniline black may be combined with other colours. 

For the madder red, is used a mordant of red liquor at 12° Tw., thickened with 2i lb. flour per 
gal. Cool, and add, per gal., 4 oz. tin crystals. 

For the orange, dissolve nitrate of lead, 4i lb. ; white sugar of lead, 4i lb. ; in gal. water. 
Add I gal. gum Barbary water (6 lb. to the gal.). 

For the black, mix 1 gal. of the colour below, just before printing, with ^ pint sulphide of copper 
paste. To make the colour, thicken 6 gal. clear chlorate of ammonia with 36 lb. British gum. 
Heat to 66° (150° F.), let stand till cold, and add aniline oil, 4 qt. ; best muriatic acid at 34° Tw., 
3 qt. Mix well together. 

To make the chlorate of ammonia, dissolve 7^ lb. tartaric acid in 6 gal. boiling water. When 
dissolved, add gradually 3 lb. 2 oz. sesquicarbonate of ammonia. Now add 8 lb. chlorate of potash, 
and stir till dissolved. Let stand till cold, and filter. Wash the precipitated tartar (potassium 
bitartrate) with 6 qt. cold water. This should yield 6 gal. clear chlorate of ammonia solution. 

For the sulphide of copper, take flowers of sulphur 2 lb. 2 oz. ; caustic soda lye (70° Tw.), ll-J- lb. 
Stir well till dissolved, without heat ; add it to 10 lb. blue-stone, dissolved in 20 gal. boiling water. 
Wash till neutral to test-paper, and filter till the bulk of the paste is reduced to 1 gal. 

Print the above black, red, and orange colours, and hang in a room at 21° (70° F.) with about 
8°-9° F. difference between the wet and dry-bulb thermometers. Age till black, and pass through 
ammonia gas. Hang in a cool room for a few hours, and pass through the following solution at 
71° (100° F.) : — Sulphate of soda, 2 lb. ; phosphate of soda, 1 oz. ; water, 1 gal. Wash, and give 
a second dunging for 25 minutes at 54° (130° F.) in water, 100 gal. ; sulphate of soda, 2 lb. ; 
phosphate of soda, 1 oz. ; and solid cow-dung, 4 qt. Wash, and dye with 13 lb. madder, or a 
proportionate quantity of alizarine, per piece. Wash, pass through chloride of lime at 1° Tw'., then 
steam, and wash. Dry, and steam for a hour at 2 lb. pressure. Wet out, soap-wash, and pass 
through weak sours (1 part oil of vitriol at 170° Tw., to 1000 water) at 15° (60° F.) for 6 minutes. 
Wash, and pass through chloride of lime, as before. Wash, dry, and raise orange in the usual way, 
first in bichromate alone, and then in bichromate and lime at 100° (212° F.). Wash well, and pass 
through chloride of lime, as before. Wash and dry. 

Another Aniline Black. — Dissolve |-li oz. chlorate of soda in 17 fl. oz. water, and thicken as 
usual. In another vessel, thicken 17 fl. oz. water, and stir in 21 oz. muriate of aniline, with li gr. 
chloride of vanadium. 

Equal measures of these two solutions are mixed, and printed at once. Age at a low tempera- 
ture, as long as chlorine is given off, and raise the temperature till perfectly dry. Lastly, pass 
through a solution of bichromate of potash, wash, and dry. 

The cerium aniline black, of Jerens, is obtained by mixing 75 gr. bisulphate of cerons oxide 
with 2j oz. muriate of aniline, thickened as usual. The shade, after printing, appears a light-green, 
but after ageing for 24 hours at 25° (77° F.) — 20° (68° F.) by the wet-bulb thermometer— it turns 
to a dark-green, and, after soaping, and taking through an alkaline beck, it comes up a fine black. 

General Oonsideeations. — In this brief sketch of the art of calico-printing, one vital point 
must not be overlooked — the influence exertgid upon colours by their juxtaposition to others. It is 
nothing uncommon to find, both in printed tissues and in goods where many-coloured patterns are 
produced by means of the Jacquard loom, shades which, if viewed singly, would to a practical eye 
appear very ordinary in character ; but, b^ being arranged in accordance with the optlco-physiolo- 
gical laws, which Jiave been so ably expounded by Chevreul and Von Bezold, these indifferent 
colours enhance and support each other, and the general effect is admirable. Conversely, too often 
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are found designs where each individual colour is splendid, but where the arrangement is so 
deplorable that each is impaired by being wrongly associated with others. 

Among the happy associations of colours where each is beautified by the association, may be 
mentioned the pairs formerly known as “ complementary an assumption only approximately 
true — such as magenta and green, carmine and bluish-green, vermilion and turquoise-blue, orange 
and ultramarine, yellow and bluish-violet, yellowish-green and crimson-violet. 

Among triple combinations, the following groups produce good effects : — Magenta, yellow, and 
turquoise-blue; carmine, yellowish-green, and ultramarine; vermilion, green, and blue-violet; 
orange, bluish-green, and reddish-violet. Each of these groups may be further enriched by the 
addition of black and white. 

Combinations of four colours each — ^black and white being, strictly speaking, not regarded as 
colours— are very difficult to arrange. Beautiful effects have indeed been produced with magenta, 
or a red verging towards violet, green, scarlet bordering upon carmine, and turquoise-blue. But in 
such combinations, care has been taken that the magenta and the scarlet, and respectively the 
green and turquoise-blue, should not lie side by side, but should be separated by black or white. 

As exampies of inharmonious pairs, mention may be made of vermilion and yellow, yellow and 
green, green and turquoise-blue, turquoise-blue and blue-violet, magenta and vermilion. Such 
colours should never be placed alongside each other in a design, especially if in broad masses. If 
they are both introduced, they should be separated, for instance, by black. 

Professor Von Bezold very justly remarks that such combinations are rendered much worse if 
the brighter of the two is applied in the heavier shade. Light blue stripes or spots on a dark green 
ground are much worse than dark blue on a light green ; and, in the same manner, light magenta 
on a dark vermilion is more intolerable than the oonverse arrangement. The brighter are any 
ill-matched colours, the worse is the effect produced — a law from which may be drawn the practical 
conclusion that the bright and pure colours now at the disposal of the printer and the dyer require 
much more judgment and skill to make them harmonize than did the comparatively dull colours 
which were known a century ago. It may even be said that the general ignorance of, smd 
indifference to, the laws of colour have greatly restricted the use of the coal-tar dyes. 

It will thus appear that the utmost skill on the part of the colour maker and the colour mixer 
is rendered of little avail if the designer is not equal to the resources placed in his hands. 

Bibliography. — F. F. Eunge, ‘Die Farber Chemie’ (Berlin; 1850); C. O’Neill, ‘ Dictionary of 
Calico-printing and Dyeing’ (London : 1862) ; Th. Chateau, ‘ Couleurs d’ Aniline, d’Aoide Pheniqne, 
et de Naphthaline ’ (Paris : 1868) ; W. Crookes, ‘ Reimann’s Aniline and its Derivatives ’ (London : 
1868) ; Girard and De Laire, ‘ Traite des Derives de la Houille ’ (Paris : 1872) ; J. W. Slater, 
‘Manual of Colours and Dye Wares’ (London: 1872); M. de Vinant, ‘Impression et Teinture’ 
(Paris : 1872) ; W. Crookes, ‘ Wagner’s Chemical Technology ’ (London ; 1872) ; P. Schutzenberger, 

‘ Die Farbstoffe, mit ihrer Anwendung [ed. H. Schroeder] ’ (Berlin : 1873) ; J. Bersch, ‘Fabrika- 
tion der Anilin-Farbstoffe, und deren Anwendung ’ (Vienna : 1874) ; W. Crookes, ‘ Dyeing and 
Calico-printing’ (London: 1874); V. docket, ‘Woll-und Seidendruckerei ’ (Vienna : 1874); 
Eichter and Braun, ‘ Wollengam Farberei und Druckerei ’ (Leipzig : 1874) ; Schrader, ‘ Farberei ’ 
(Leipzig: 1874); A. Speik, ‘Handbuch der Farbarei’ (Leipzig: 1874); Wieland and Stein, 

‘ Baumwollengam-Farberei ’ (Leipzig : 1874); F. J. Bird, ‘ Dyers’ Handbook ’ (Manchester : 1875); 
C. Eomen, ‘Die Colorie der Baurawolle’ (Vienna: 1875); F. C. Calvert, ‘Dyeing and Calico- 
printing [ed. Stcnhouse and Groves]’ (Manchester: 1876); ‘Textile Colourist’ (Manchester; 
1876-7); E. C. Haserick, ‘ Secrets of Dyeing Wool, Cotton, and Linen’ (Philadelphia: 1878); 
C. O’Neill, ‘Calico-printing, Bleaching, and Dyeing’ (Manchester: 1878); Prufer, ‘Die Wollen 
und Halb-wollen Strick-Farberei ’ (Leipzig; 1878); C, Schultz, ‘ Praktischer Lappenfarber ’ 
(Leipzig : 1879) ; W. Crookes, ‘ Auerbach’s Anthracene, &c.’ (London : 1880) ; Balaguer y Prime, 
‘Monografia Indust. Materias Tintoreas’ (Madrid: 1880); C. Eomen, ‘Bleicherei, Farberei, 
Appretur der Baumwollen und Leinen Waaren’ (Berlin; 1880); F. Springmiihl, ‘Lexicon der 
T'arbwaaren, Ac.’ (Leipzig; 1880); Eopp, ‘Examen des Matieres Colorantes Artificielles derives du 
Goudron de la Honille [Moniteur Scientifique] ’ (Paris); J. Napier, ‘Manual of Dyeing’ 
(Manchester; 3rd ed.) ; J. Persoz, ‘Traite de rimpression’ (Paris). W. 0. 

(See Albumen; Alum; Alnmiua; Coal-tar Products ; Dye-stuffs; Mordants.) 

dye-stuffs (Fb., Matieres tinctoriales ; Ger., Farhematerialien). 

The term “ dye-stuffs” is commercially employed to designate collectively the plants, flowers, 
lichens, woods, roots, exudations, and other products yielded by the vegetable kingdom, which are 
used in dyeing, printing, staining, and colouring. 

Untd within very recent times, these substances formed one of the most considerable items of 
our import trade, and were essential to the existence of/ our textile industries ; but the modem 
introduction of compounds derived from coal-tar— containing the same colouring principles in an 
artificial form, or replacing them by others, equally, and often more, brilUant and permanent,— and 
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the cheapness and abnndant snpply of these mannfaetnred substitutes, have had a most disastrous 
and lasting effect upon a once dourishing and important branch of conuneroe. The deleterious 
nature of some of the coal-tar colours is at present confining their use within comparatively narrow 
limits, and this may yet continue for a few years ; but it seems impossible to doubt that the old- 
fashioned dye-stuifs will, in the near future, be almost entirely replaced by the cheaper chemical 
preparations, at least in those countries where the latter are largely product 

Alkanet (Fa., Orcanete ; GtEr., Orkanet ). — The root of Anchusa (^Alkanna) tinctoria contains a 
dark blood-red resinous principle termed “Anchusin,” CjgHj„Og, or “Alkanna red,” obtained by 
exhausting the root with alcohol, evaporating, and shaking up with ether. The resin is insoluble 
in water, but readily soluble in alcohol, and better still in ether, oils, and bisulphide of carbon, to 
all of which it communicates a purple-red colour; in concentrated sulphuric acid, it gives amethyst ; 
in alkalies, blue ; from the last, it is precipitated by acids, in brown-red flocks. It is used chiefly in 
pharmacy, to colour medicines ; in perfumery, to colour oils and greases ; to colour lime-wash, for 
application to walls ; and with oils, to stain woods in imitation of rosewood. In China, it is used 
chiefly for colouring candles, and medicinally. The plant grows in sandy places in the Mediterra- 
nean basin, and is occasionally cultivated in Languedoc, and the Levant. Small quantities are 
met with in commerce, and valued at about 30«. a cwt. 

Aloes (see Drugs). — From aloes, has been produced a yellow dye, termed “chrysammic acid.” 
It is prepared by heating in a water-bath 8 parts nitric acid with 1 part aloes ; when violent action 
has ceased, a second part of the latter is added ; heating is continued till no more hypouitric fumes 
are evolved. The mass is then poured slowly into abundance of water ; chrysammic acid flakes 
settle at the bottom of the vessel ; they are washed with water, till the latter assumes a fine purple 
colour. The acid occurs as small golden-yellow scales, soluble in alcohol and ether, sparingly in 
cold water, readily in boiling water. The acid is a pure polychrome, changing its colour according 
to circumstances. It has-long been known as giving a beautiful purple to silk, black to wool, and 
pink to linen. A French firm have recently used it to produce a fine brown, named “ vegetable 
brown,” which consists in applying the acid in conjunction with sulphuric acid — say 45 parts of 
the former to 6-8 parts of the latter. The dye is bright ; it resists the strongest alkaline milling ; 
it combines with most of the aniline and other dyes, economizing them, and rendering them 
thoroughly fast ; and it is not expensive. 

Annatto, or Amotto (Fa., Amotto, Socoit; 6eb., Amotto, Orlean). — The seeds of Bixa 
Orellana are enveloped by a soft resinous pulp, of vermilion colour, and unpleasant odour, known in 
the French Colonies as rocou, and in other parts of 8. America as acMote. The plant grows in 
Africa, the E. and W. Indies, and 8. America; it is cultivated chiefly in Guadaloupe, Cayenne, 
and Martinique, sparingly in Mexico and Brazil. There are several ways of preparing the dye : — 
(1) The pulp and seeds are treated with hot water, left to macerate in the presence of an antiseptic, 
and separated by pounding with a wooden pestle ; the seeds are strained of^ the pulp is left to 
settle, the water is decanted, and the colouring matter, in a pasty condition, is exposed in shallow 
vessels to dry gradually in the shade. When sufiSciently consistent, it is made into rolls or balls of 
2-3 oz., and dried in an airy place. (2) The entire ripe fruit is coarsely crushed, treated with 
hot water, and soaked for several days ; the seeds are then strained off, and the pulp is left to 
ferment for about a week ; the water is poured ofi^ and the dye-stuff is dried in the shade tiU it can 
be made up in cakes of 3-20 lb., and covered with banana leaves. This is known as “flag 
annatto ” ; it is inferior to (3), owing to the fermentation. The fresh article contains about 
5J per cent, of colouring matter and over 70 per cent, of water. (3) The Indians adopt a laborious 
process : — they rub the fruit with oiled hands, till the pulp is separated, and reduced to a clear 
paste ; this is scraped olf the hands, and laid on leaves to dry in the shade. The product is very 
superior. The three French Colonies of Cayenne, Guadaloupe, and Martinique have about 6000 
acres of land under culture with annatto, and produce yearly about 3 million lb. The supply now 
exceeds the demand. In dyeing and printing, it is now largely superseded by rosolic acid (see 
p. 680), though still retained for low-class cotton yams, and for modifjdng the shades of other 
dyes. The tablets prepared by the first process are used in Dutch, American, and English dairies, 
for colouring butter and cheese. Our annual imports of “ roll ” annatto are about 1000 cwt. ; and 
of “ flag,” 3000 cwt. The former is worth about 2d.-9d. a lb. ; the latter, 5d.-ls. 6d. 

Barwood (Fb., Bois du Santal, Santal rouge (TAfrique; Geb., Sandelholz ). — This dyewood is 
derived from Pterocarpus Angolensis, a tall tree of W. Africa. The colouring principle, termed 
Santalin, CaoH^Ou, is common to several other members of the same genus (see Camwood, Sanders- 
wood), and is developed only with age, b|ing absent from young branches, but abundant in the 
trunk. In the African markets, the dye-stuff occurs in a ground state, made up into balls ; the 
wood is imported in square logs deprived of the bark. Its value is 3?.-3Z. lOs. a ton. It is chiefly 
used to produce orange-reds, called “ m>Vk Turkey reds,” on cotton yarns. 

Berberin, OaoHijNOs -b 9HO. — This golden-yellow colouring matter appears to be very 
widely distributed ; it has been recognized in the barks of Geoffroya inermis, Xanthoxylum Clava 
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Berculis, and in the root-bark of Berleris migaris ; also in the flowers of the last named, in the 
bark of Xylopia polycarpa, in the root of Jateorhiza Coluinbo, in the wood of Cosoinium fenestratum, and 
in Jeffersonia diphylla, Zeontice thalictroides. Podophyllum peltatum, Coptis Teeta, C. trifolia, Hydrastis 
Canadensis, and Xanthorrhiza apiifolia. The only plants whence the dye seems to be commercially 
obtained are the several species of Berberis. B. migaris is found in abundance throughout Europe ; 
in the Savoy Alps and in Poland, a decoction of the bark and roots is used for dyeing leather 
and woven fabrics, and in Nuremberg for colouring toys. In India and China, several species yield 
a yellow dye, and as the watery extract is well known to the natives, large quantities might be 
prepared in that way. 

Brazil-wood (Pa., Bois de Femambouc; Geb., Fernamhukholz, Brasilienholz'). — Several species 
of Cesalpinia yield a colouring principle known as Brasilin, Brazil-wood proper, derived 

from C. Braziliensis, is now seldom met with, owing to the destruction of all the trees within reach of 
a port ; its best substitute is obtained from 0. Christa, a native of the province of Pernambuco, and 
of Jamaica, and worth 13i.-45?. a ton. A second variety, termed “ peach-wood,” is imported from 
Nicaragua ; a third, of inferior quality, from Peru, is known as “ Lima- wood,” and valued at 
lli.-lli. 10s. a ton. The same principle exists in Sapan-wood (q. v.). An extract is prepared from 
these woods in the following way ; — They are finely ground, and left to ferment and oxidize in the 
air ; treated with water, the decoction is concentrated by evaporation as rapidly as possible. By 
adding 4 lb. of gelatine, dissolved in water, to every cubic yard of ground wood, and leaving the 
whole to ferment for several days, a much richer and stronger extract is obtained. The brilliancy 
is much increased by adding a little chlorate of potash to the hot extract. The extracts are used 
principally to produce pinks and reds in steam styles ; and with quercitron, in the production of cheap 
garancine styles. Becoctions of the woods yield beautiful pink lakes, used by paper-stainers; 
common red ink is prepared by adding a little alum and acid to their aqueous solutions. The 
exports of Brazil-wood from Bahia, in 1878, were 821 kilos., almost entirely to the United States. 

Broom (Fb., Genet ; Geb., Fdrberginster, Gilh-kraut, Geniste'). — The “ Byers’ broom ” {Genista 
scoparia) is very abundant in the Alps, and is still occasionally used by the Italians for dyeing skins. 

Camwood (Fb., Bois de Cam ; Gbb., Camholz'). — This appears to be identical in origin with 
Barwood (q. v.), its commercial difference depending upon the selection of the wood for the develop- 
ment of its colour. It is worth 15/.-23?. a ton. 

Cauline. — Colouring matter, to which this name has been given, is derived from the red cab- 
bage, in the following way : — The cabbage is cut into small pieces, and placed in boiling water, in 
the proportion of about 3 lb. of the former to 5 pints of the latter ; the infusion is left to macerate 
for twenty-four hours; the leaves are taken out and pressed, and the expressed liquid is added to 
the infusion. The dye has a violet-blue colour, and forms the base of a series of derivatives. It is 
prepared dry, and in the form of a syrupy extract. 

Chay (Fb., Chayaver, Chavayer; Geb., So.yatcsr).— A very popular red colour is obtained from 
the root of Oldenlandia {Hedyotis) umbellata, known also as “Indian madder.” The plant flourishes 
in the sandy soils of the Coromandel coast ; besides being found abundantly in the wild state, it is 
very extensively cultivated. The roots are found in commerce in little bundles, 6 in. long, and 1^— 
2 in. in circumference. The dye is in great repute in India, but is said to deteriorate rapidly in any 
dark place, and parcels of it exported have therefore been regarded unfavourably 

Climese Green.— This colour was first met with as a sediment left after dyeing cotton cloths 
with the barks of Bhamnus chlorophoms and B. utilis, and known in China as Lo-Kao. The sedi- 
ment is spread on blotting-paper, and dried, forming thin scales. It was highly valued, as affording 
a pure green even in artificial light. Its value in the London market, in 1861, was placed at 7s. 6d. 
an oz. In 1853, it was largely imported into France, for silk-dyeing. In 1864, Charvin obtained 
the same colouring matter from B. catharticus, a weed indigenous to Europe, and was able to sell it 
at 37s. a lb. These beautiful dye-stuffs are now completely driven from the market by the aniline 
dyes. (See p. 668.) 


Coclimeal (Fb., Coohenille ; Geb., CocAcmYfe).— The colouring matter known as “cochineal” 
is the product of anmsect called Coccus cact,, which lives on several species of cactus but especially 
Cactus Sopal {Opunta coccirtilifera). The plant and insect are natives of Mexico and Guatemala but 
have beensuccessfuUy infroduced into the Canary Islands, as well as Algeria, Java, and Australia. 
The production is almost confined to Guatemala and the Canaries. 


In the former country, gardens of the nopal plant extend in every direction. Each is surrounded 
by a mud fence, on which is built a thatched roof, forming a shed, which is open on the sunny side 
Here the insects are preserved and bred; the young are placed in little leaf boxes or bags 
attached to the spikes on the leaves of the plant. Bain’is fatal to the insect, especially during the 
first ten days of its existence. According to Boddam-Wh^ tham, in some districts, the female is 
left on the leaf long enough to produce a second crop in tj,.,e same year ; this is much heavier than 
the first, and much more profitably The gathered insects are spread on flat trays, covered with 
thin cloths, and placed in ovens. When dry, they arc sifted, packed in bales, and sent to market 
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The average yield of an acre of nopal is said to be about 1800 lb. of the inseets in the two crops. In 
Mexico, the plant and insect occur both wild and cultivated : the product from the cultivated plant 
is much superior, and is known as mestique ; that from the wild plant is called sylvestra. In May, 
in the plains, and in KTovemher, in the hills, the Indians remove the young female insects to 
growing plants ; after about three months, the myriads of young inseets borne by the female are 
brushed off the leaves into tin dishes. They are then thrown into hot water, and dried in the sun 
or in stoves, producing zacatilla, or “ black cochineal ” ; or they are bagged or stoved at once, which 
process leaves them with a peculiar lustrous look, whence they are termed bianco, or “ silver cochi- 
neal.” The values of the New World brands distinguished in the London market are approxi- 
mately as follow : — Honduras, black, 2s.-2s. 5d. a lb. : silver, 2s.-2s. 3d. ; Mexican, black, 2s. Id. ; 
silver. Is. lOd.-ls. lid. The exports (in quintals of lOli lb.) from Guatemala, in 1878, were: — to 
California, 155 ; England, 133 ; New York, 70 ; S. America, 54. The total value was about 4500f. ; 
in 1877, it was 36,000?. Less than twenty years ago, the exports amounted to 600-750 tons yearly. 

The cultivation in the Canaries is carried on as follows : — The insects are reared in the winter, 
so as to be ready for “ planting,” or putting out on the eactus plants, in the latter end of May to 
late July or early August. The plants are robbed of their fruit as fast as the buds appear, other- 
wise they become too weak for rearing the cochineal insects. About a table-spoonful of pregnant 
females are put into little gauze bags, 8-9 in. long, and hung upon the cactus leaves. The young 
escape as fast as they are bom, and spread over the surface of the leaf, great care being required to 
proportion the number of insects to the size of the leaf. In August and September, the moment 
the insects exhibit signs of spawning, they are rapidly collected. The method of gathering them 
varies much, but, as a rule, the leaves holding bags are severed sharply by a knife, close to the 
branches, and the cochineal is swept off into closely-woven, broad baskets. The leaves are after- 
wards cut up, and dug in between the rows, as manure. Other hands carefully scrape off any 
insects which may have passed into the branches or stem of the plant, as these would otherwise 
spawn, and weaken the plant, to the injury of future crops. Immediately the insects are gathered, 
they should be turned out of the baskets, and spread in a layer not exceeding 2-3 in. in depth, either 
on trays, or on a sheet on the ground. Here the cochineal remains during the day. Towards 
evening, it is placed in an oven, heated to about 65° (150° F.), for four to five hours ; the oven is 
then allowed to cool gradually till the morning. When taken out, the insects will be formd still 
moist ; they are then exposed to the sun for a few days to complete the drying, suffering much less 
loss of weight in this way than if they were thoroughly dried in the oven. A few growers use 
special means to effect the drying : — (1) A little wood ashes is scattered over the cochineal ; the 
latter dies in an hour or two; the dust is sifted off, and the cochineal is dried in the sun. 
(2) Moderate quantities of the insects are placed in a sack, which is violently shaken ; this produces 
a brilliant polish, which enhances the price of the article sufiBciently to atone for the slight loss of 
weight incurred. The oven is, however, most universally employed. The “ grain,” as the dry cochi- 
neal is called, is sifted, to remove an adherent white powder, and is picked over, to free it from 
fragments of the plant. When clean, it is packed in bags of about 150 lb. each, for export. The 
produce is estimated at 250 lb. dry cochineal from an acre. Hot winds from the Sahara, and heavy 
rain, are fatal to the crop. Compared with the American article, the London prices of Teneriffe 
cochineal are about as follow : — Black, 2s.-2s. lOd. a lb. ; silver, 2s.-2s. Id. 

Cochineal is very frequently adulterated. A common fraud consists in extracting part of the 
colour by soaking it in water, then drying it, and selling it as black cochineal, or shaking it up with 
ground talc or sulphate of lead, to resemble silver cochineal. The fraud is easily detected by 
throwing some of the ground article into water. The chief use of cochineal has been for dyeing 
wool ; in calico-printing, to produce pinks and reds ; an ammoniacal preparation for dyeing sUk, and 
to produce violets and mauves on wool ; and for the manufacture of carmine lakes (see Pigments). 
Though it has suffered much from competition with coal-tar dyes, our imports, in 1878, were 
30,827 cwt., valued at 359,8361. The chief contributors were : — Canary Islands, 26,740 cwt. ; 
Mexico, 1549; W. Coast Africa (foreign), 1330; other countries, 1208. In 1879, the figures were 
reduced to — Canaries, 24,720 cwt. ; Mexico, 1931 ; other countries, 1301. 

Cudbear. — (See Orchella.) 

Ericine. — This is a new colour, derived from the wood of the eommon heath {Erica vulgaris), 
and different kinds of poplar. The stems of the former, or new branches and twigs of the latter, are 
cut up, crushed, pulverized, and boiled in an alum solution — 10 lb. wood with 1 lb. alum in 3 gal. 
water ; the whole is boiled for twenty to thirty minutes, and filtered. The filtrate becomes turbid 
on cooling, and deposits a greenish-yellow resin. When free from resin, the liquor is refiltered, and 
left for three to five days exposed to ligh^ and air ; it thus acquires a golden-yellow colour, and 
may be worked into an extract, or prAipitated as a lake. The extract surpasses most yellows in 
brightness ; the lake can be used in pap|r-staining, artificial flower making, calico-printing, &c. 

Fustic (Fb., Fustique ; Gek., Visetholz ). — The dye-stuff known as “ Old Fustic ” is the pro- 
duce of Morus tinctoria, a native of Brazil, Mexico, and several of the West Indies. It arrives in 
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logs ot varions sizes, the best being dense, of a fine orange-yellow colonr inside, and not worm- 
eaten. Cuba fustic is valued at 8Z.-81. 10s. a ton, while Jamaica, Mexican, and Honduras fetch 
only 51.-51. 10s. The article is used chiefly for wool dyeing, and is but little employed by calico- 
printers. Extracts, both liquid and solid, are largely imported from America and France ; the West 
Indian colonists do not seem as yet to have availed themselves of this method of reducing cost 
of transport. The exports from San Domingo, in 1878, were 948,000 lb. ; of this, 718,000 lb. went 
to the United States, and only 16,000 lb. came to Great Britain. The so-called “Young Fustic” 
is a distinct product. (See Tannin.) 

Gardine. — This yellow dye-stuff, consisting of the fruits of a species of Gardenia, is exten- 
sively used in China, under the name of Hoang-tchi. It has been introduced into Germany, Holland, 
and England, but without attracting much notice. The extract gives orange on wool, fiery-yellow 
on silk, and yellow on cotton, and is said to resist soap and most acids. 

Godari, or Dhauri. — The flowers and leaves of Grislea tomentosa are much used in some 
parts of India, for giving a red colour to skins for native slippers. The plant grows abundantly 
in the Northern Circars. 

Henna. — This popular Eastern dye is derived from the leaves of Lawsmia alba (spinosa, 
inermis; Alcanna spinosa). This plant is common from Egypt to India; it is very generally culti- 
vated in Indian gardens, and on a much more extensive scale for commercial purposes in some 
districts, e. g. at Touat, in Arabia, and near Bombay. The best henna grown in all Asia is said 
to come from Yezd, iu Persia ; a very superior quality is produced also near Mecca. It forms an 
important article of commerce in every Eastern bazaar. The slirub is propagated by cuttings, 
planted in shaded situations, and grows rapidly. It is cultivated both for the sake of the dye, 
and for the delicious perfume of the flowers. In the former case, the shoots are cut when 3 ft. long, 
and are stripped of their leaves, which are sun-dried, and finally ground in a mill. Two or even 
three crops are obtained in a year. If the flowers are required, the shoots are allowed to reach 
6-6 ft. before cutting. The dye is applied to the finger-nails of men and women, and to the 
manes, tails, and hoofs of horses, to produce a brownish-yellow tint. Applied to human hair, it 
produces a beautiful black by a second dyeing with indigo. The flowers are used in perfumery 
and embalming. Medicinal virtues also are ascribed to the plant. Egypt is said to produce 
6i miltion lb. yearly: Morocco, in 1873, exported 2216 cwt., valued at 3545Z. 

Indian Mulberry, — The root-bark of the Indian mulberry (.Morinda dtrifolia) produces a 
scarlet dye, largely used by the natives of India, for colouring turbans, handkerchiefs, &c. The 
tree is cultivated in Kandeish, Berar, and the Deccan ; in a wild state, it is common in most parts 
of India. The roots are partially dug up hi the second year, and are in perfection in the third. 
The small best pieces are worth 4-5 rupees a maund. Large quantities of the bark are exported from 
Malabar to Guzerat and North India. M. tinctoria appears to be the same species, wild. 
M. tomentosa, of Travancore, yields a dye from the interior of the wood in old trees. M. vmbeliata, 
of Travancore, Malabar, and Cochin China, contains a permanent yellow colouring matter in its 
roots ; added to sapan-wood, it produces brilliant and permanent red^ rivalling madder. 

Indigo (Fb. and Gee., Indigo). — The well-known blue colouring matter termed “indigo” is 
produced by a great number and variety of plants, distributed throughout all the tropical countries 
of the globe. Commercially, it is obtained chiefly from species of Indigofera, as I. tinctoria, the 
cultivated species of India, furnishing the chief article of commerce, found also in Madagascar, 
St. Domingo, &c. ; and I. Anil, in the Punjab, W. Indies, and on the Gambia river. Some is also 
obtained from I. argentea, in Africa and America ; I. Caroliniana ; I. disperma, the cultivated plant 
of Spain, America, and some of the E. Indies ; I. ccerulea, the “ black indigo ” of India ; I. glauca, 
in Egypt and Arabia ; /. pseudo-tinctoria, cultivated in some parts of the E. Tndj ps, and said to 
yield the best dye ; I. cinerea, I. erecta, /. hirsuta, and I. glabra, in Guinea. Considerable local 
suppUes are obtained from the following plants -.—Isatis tinctoria, in Europe and China (see 
Woad) ; /. indigotica, cultivated in some parts of China ; Amorpha fmticosa, in CaroUna ; Baptisia 
tinctoria, wUd, iu the United States ; Ggmnemia {Asclepias) tingens, in Burmah ; Foiygala tinctoria, in 
Arabia; Polygonum Chinense, P. tinctorium, P. perfoliatum, P. barbatum, P. aviculare, in China and 
Japan, and introduced into ^Igiim ; Puellia indigotica, largely cultivated iu Aaanm as well as 
in India, and at Che-king, in China ; Tepbrosia tinctoria, and T. apollinea, in India and Egypt ; 
Wrightia tinctoria (Neriwn tinctorium), the Palas indigo of the Carnatic. 

The cultivation of indigo (chiefly Indigofera tinctoria) is very extensively carried on in India 
especially in the district included between 20'> and 30° N. lat. The soU best suited for the culture 
is a rich loam, with a subsoil which is neither too sam^y nor too stiff; alluvial soils give the best 
returns, but good crops are sometimes raised on higher grouruls. The land is ploughed in October- 
November, after the rains ; the seed, about 12 lb. to the acre, & sown in February-April Too rapid 
growth diminishes the yield of dye. In July-September,/;he plants are in full blossom, and the 
harvest takes place. The preparations of the dye-stuff may be performed in either of two ways 
which are distinguished as the “ dry-leaf,” and the “ green-leaf” process. The latter is considered 
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the better, and is the more general ; it is conducted as follows : — ^The flowering plants are cut 
down at about ^in. from the ground, and immediately taken to the steeping vats, within which 
they are spread ont, and pressed down by beams fitted to the side posts of the tanks. Enough 
water is then admitted to cover the plants ; if this be delayed, fermentation may set in and spoil 
the product. The duration of the steeping is liable to considerable modification, and needs much 
judgment and experience ; with a temperature of 35J° (96° P.) in the shade, 11-12 hours may 
suffice ; in cooler weather, 15-16 hours may be necessary. Moreover, very ripe plants require less 
time than young and unripe ones. The following general conditions indicate the time for suspend- 
ing the maceration ; — (1) The sinking of the water in the vat ; (2) the immediate bursting of the 
bubbles that arise ; (3) an orange tint mingling with the green, when the surface water is disturbed ; 
(4) the emission of a sweetish, pungent odour, quite distinct from the raw odour of the unripe 
liquor. At this point, men enter the vat, and stir up its contents, either by hand or by a wooden 
paddle. The agitation is at first gentle, but increases as the fecula begins to separate ; this is 
known by the disappearance of the froth, and by the colour of the liquor changing from green to 
blue. The “ beating,” as it is called, is continued for lf-3 hours, the following conditions being a 
guide as to its sufficiency : — (1) The ready precipitation of the fecula from a sample of the liquor, 
and the Madeira- wine colour of the latter ; (2) a brownish colour observed on dipping a cloth into 
the liquor, and wringing it ont ; (3) the appearance of a glassy surface on the liquor, and the 
subsidence of the froth with sparkling and effervescence. 

Next, a little pure cold water, or weak lime-water, is sprinkled over the surface of the liquor, 
to hasten the settlement of the fecula, which occupies 3-4 hours. After this, the water is drained 
away from the top, by means of plug- holes in the side of the vat. The precipitated fecula is then 
removed to a boiler. Here it is made to boU as promptly as possible, and is kept boiling for 5-6 
hours ; it is constantly stirred, and skimmed with a perforated ladle. After boiling, it is run off to 
a straining table, where it stays for 12-15 hours to drain; next it is pressed for about 12 hours, and 
then cut, stamped, and placed to dry. The ordinary dimensions of a steeping-vat are 16 ft., by 14 ft., 
by 4 J ft. deep ; this will contain about 100 maunds (8200 lb.) of plants, which may yield from 40 lb. 
downwards of indigo. The beating-vat is less deep. 

Such are the methods of cultivation and manufficture most generally in use throughout India. 
In limited districts, however, some modifications are in vogue. On land subject to inundation, the 
plants last only one year. South of the Ganges, the seed is sown at the beginning of the rains, and 
the plants remain on the ground for two years, thus giving a double crop, the second of which is 
the larger and better. In very strong land, a third crop is sometimes secured. Occasionally, sesame 
is sown on the same ground, and harvested before the indigo is cut. Small quantities of indigo are 
grown on poppy lands, and irrigated. The seed is sown in March-April, and the crop is gathered 
at the end of the rains, in time for an opium crop to be taken off the land. Indigo is sometimes 
manufactured by collecting the fecula, and dropping it in cakes to harden in the sun ; this is “gaud ” 
indigo, of very inferior quality. The fecula is improved by boiling it in coppers, and pressing it 
into boxes. The production of the indigo blue is a result of the decomposition of the colouring 
principle of the plant, which exists as a glucoside. Plants grown on poor soils, and in dry 
climates, yield almost the whole of this glucoside to the ordinary process of steeping and beating, 
described above ; but plants raised on rich alluvial soil, and in damp heat, contain an amount of 
glucoside which cannot be utilized by the ordinary process. In order to prevent this waste, which 
causes the richest plants to give the least return, it is necessary either to prolong the fermentation, 
and raise the heat to 35°-38° (95°-100° F.), or to add a solution of sugar or glucose to the 
vat-liquor. Olphert adopts the use of steam, to raise the temperature of the vat to 44° (111° P.), 
and thus obtains 25 per cent, more colouring matter. 

The exports of indigo from British India, in 1878, were 120,605 cwt. About one-half of the 
total production comes from Behar and Bengal, especially from the districts of Tirhoot, Chum- 
parun, and Sarun ; the best comes from Kishnagur, Jessore, Moorshedabad, and Tirhoot. It is one 
of the most precarious of Indian crops, being very liable to the attacks of insects, and governed in 
a great measure by the seasons. The relative values of the various Indian brands in the London 
market are about as follows : — Bengal, fine violet, 8s. 6d.-8s. 9d. a lb. ; good red violet, 8s. 4d.- 
8s. 6d. : mid. and ord. violet, 7s. 6d.-8s. 3d. ; mid. to good violet and copper, 7s. 3d.-7s. lOd. ; mid. 
to fine, 6s. 10d.-7s. 9d. ; low and ord., 3s. 6d.-6s. 9d. ; Kurpah, good to fine, 5s. 6d.-7s. ; low to mid., 
2s.-5s. 5d. ; Oude, plantation, 4s. 6d.-6s. 6d. ; native, 2s. 6d.— 4s. 6d. ; Madras, Vellore, 4s.-5s. lOd. ; 
native. Is. 9d.— 4s. 4d. 

Indigo culture extends very widely beyond India. In Cochin China, the plant is cultivated on 
light alluvial soils, of upper Tertiar;| age, where floods are of very rare occurrence. The native 
mode of preparing the dye is very rude ; but several Frenchmen possess factories for the purpose, 
at Saigon and Cambodia. Small qutji titles of indigo are produced in Siam. Various plants 
(mentioned above) are cultivated extensively in all the provinces of China, for the production of the 
valuable dye ; Canton exported 547 piculs (of 133J lb.) in 1878. Japan possesses several large 
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factories for preparing indigo from the native Polygonum tinctorium. The plants, 2-3 ft. high, are 
cnt into three parts, the uppermost being the most valuable. The best dye is made from the leaves 
alone, which, after a few hours’ exposure to air and sun, are placed in straw bags. They are after- 
wards removed from the bags, and moistened with water, which must be proportioned with the 
greatest exactitude. They are then spread upon, and covered by, mats, for a few days, after which 
the sprinkling is repeated. The process continues for about 80 days, the moistening being renewed 
about 25 times for the best leaves, and 9 for the inferior. After this fermentation, the leaves are 
pounded in wooden mortars for two consecutive days, by which they are reduced to a pulp ; this is 
then formed into balls of dark-blue colour. The central provinces of Java yield large quantities of 
indigo, which are exported to Holland, and thence widely distributed. The indigo prepared by 
the natives is of an indifferent quality, in a semi-fluid state, and contains much quicklime ; but 
that prepared by Europeans is of a very superior quality. An inferior variety, having smaller seeds, 
and being of quicker growth, is usually planted as a second crop on land where one rice crop 
has been raised. In these situations, the plant rises to the height of about 3^ ft. It is then cnt, and 
the cuttings are repeated three, or even four, times, tUi the ground is again required for the annual 
rice crop. But the superior plant, when cultivated on a naturally rich soil, not impoverished by a 
previous heavy crop, attains a height of 5 ft., and grows with the greatest luxuriance. The 
plants intended for seed are raised in favoured spots, on the ridges of rice-fields in the neigh- 
bourhood of the villages, and the seed of one district is frequently exchanged for that of another. 
That of the rich mountainous districts, being esteemed of best quality, is occasionally introduced 
into the lowlands, and is thought necessary to prevent that degeneration which would be the 
consequence of cultivating for a long time the same plant upon the same soil. The climate, soil, 
and state of society of Java seem to offer peculiar advantages for the extensive cultivation of this 
plant. The periodical droughts and inundations of the Bengal provinces are unknown in Java, 
where the plant, in favoured situations, may be cultivated nearly throughout the whole year, and 
where it would be secure of a prolonged period of that kind of weather, necessary for the cutting. 
The dye is prepared in a liquid state by the natives, by infusing the leaves with a quantity of 
lime ; in this state, it forms by far the principal dye-stuff of the country. The indigos prepared in 
Java by Sayers’ process are of unusually high and constant quality. They contain an average of 
70J per cent, of indigotine, and a minimum of 65-66 per cent. ; and an average of 2 ’77 per cent, of 
ash. Ordinary commercial indigos seldom attain 65-66 per cent, of indigotine ; and their ash 
averages about 16f per cent. The exports from Java, in 1878, were to Holland, 867,973 lb . ; Italy, 
19,496 lb. ; Port Said for orders, 26,957 lb. ; Singapore, 107,594 lb. The Philippines produce 
considerable quantities of indigo, the best coming from Luzon. The plants suffer from locusts and 
storms, but the cultivation is very profitable. The yield of indigotine is large, but the preparation 
is conducted in such a primitive manner that the value of the product is much detwiorated. The 
exports from Manilla, in 1878, were 151,500 lb., valued at 10,605f. ; in 1877, 395,000 lb. were 
shipped. In many parts of Africa, as Sierra Leone, Liberia, Abeokuta, the Niger valley. Natal, 
Cape Colony, Tunis, and the Soudan, species of indigo plants are found in a wild state, and from 
them the natives prepare an inferior dye-stuff. In some of the S. States of America, notably 
S. Carolina, indigo culture has been attended with more or less success. The method of preparation 
pursued here varies but very slightly from the ordinary Indian process, almost the only important 
modification being the addition of a little oil to the liquor in the beating vat, when the fermentation 
becomes too violent. The' precipitated fecula is placed in coarse linen bags, and hung up to drain. 
The drying is finished by turning it out of the bags upon a floor of porous timber, and working it up. 
It is frequently exposed to the sun for short periods at morning and evening, and is then placed in 
boxes or frames, to cure till it is fit for the market Several of the Central American States have 
figured conspicuously as indigo producers. The dye is precipitated in the beating vat by the sap 
contained in the bark of Tihuilate (Tonidium), Platanillo {Myrosma Indica), or Cuaja tinta. The 
fecula is left during the night ; and, on the following day, is boUed, filtered, pressed, and sun-dried. 

The London market values of the different grades, known here as “ Guatemala,” are as follows : 

Flores, 7s. 2d.-7s. 3d. a lb. ; Sobres, 5s. 9A-73. Id. ; Cortes, 5s. 8d,-6s. 8d. ; low and lean, 4s. Id.- 
5s. 6d. In most districts, the cultivation is declining, partly owing to the carelessness exhibited in 
the preparation of the dye. 

Indigo is judged commercially by its lightness, by a copper gloss on the surface, and by 
exhibiting no foreign ingredients when broken. There are several ways of testing it chemically, 
to ascertain the exact proportion of indigotine present; one method is as follows ; Finely pulver- 

ized iudigo, 1 part; green copperas, 2 parts; and water containing 10 per cent, of caustic soda, 
200 parts ; are well boiled in a flask, and left to cool. The clrar liquor is exposed in shallow vessels 
to the air, when the soluble indigo is oxidized, and precipitated as pure indigotine. The residue 
in the flask is thus treated three times ; the whole of the^ndigotiue is then collected on a filter, 
dried, and weighed. The consumption of indigo is still very large ; our imports, in 1878, were as 
follows From Bengal and Burmah, 45,798 cwt; Madras, 9674 ; Central America, 7272 • Bombay 
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and Scinde, 675 ; France, 462 ; Holland, 280 ; Germany, 228 ; other countries, 1114. In 1879 
the figures weret— Bengal and Burmah, 38,652 ; Madras, 27,654 ; Central America, 6685 ; Bombay 
and Scinde, 296a; France, 1241 ; Holland, 409 ; Germany, 354 ; and other countries, 2188. Artificial 
indigo has not, as yet, been manufactured on a commercial scale, nor at a commercial price ; but it 
has been produced, in the laboratory, from coal-tar derivatives, and further experiment may reveal a 
process for preparing the article at a sufficiently low price to compete with the natural dye-stuff. 

Several preparations of indigo are in use: — (I) Sulpho-purpuric acid, phenicine, or indigo- 
purple, is made by mixing 1 part of indigo with 4 parts of sulphuric acid (sp. gr. 1 • 845), and 
heating for J-1 hour ; the acid mass is thrown into 40-50 parts of water, when the purple falls 
down ; it is collected on a filter, and washed with dilute hydrochloric acid ; (2) Sulphindigotic acid 
is prepared by mixing indigotine, 1 part, with sulphuric acid (sp. gr. 1 • 845) 6 parts ; the operation 
must be performed in a leaden vessel, cooled outside, and the indigo must be added by degrees, to 
avoid heating ; the mixture is then left for 8 days, when the conversion will be complete. Fuming 
or anhydrous acid may be used, in less proportion, but the reaction is more difficult to manage. 
Weaker acid will require a longer period, say a month for “ brown acid ” (145° Tw.) ; (3) The sulpb- 
indigotic acids are transformed into neutral paste, or “ carmine,” by neutralizing with carbonate of 
soda, and washing the paste, on a woollen filter, with a solution of chloride of sodium. 

Eamala. — The fruits of Rottlera tinctoria (^Mallotus, Croton, Echinus Philippinmsis) are closely 
beset with ruby-fike glands, which, when removed, constitute the powder known by the above 
name. It forms one of the minor products of the Government forests in Madras Presidency, and is 
also collected in many other parts of India. The berries are gathered in large quantities, and 
thrown into baskets, where they are roUed and shaken about, to thoroughly divest them of the 
powder, which, escaping through the wickerwork, is caught on a cloth spread beneath. In the 
N.-W. Provinces, the harvest commences in early March, and lasts for about a month. A little 
adulteration is practised by means of powdered leaves and stalks, and earthy matters. The product 
is in great repute as an anthelminthic, but is used chiefly as a dye. S. Arabia produces a similar 
powder, which is exported to Bombay and the Persian Gulf. A very peculiar form of the substance 
has been imported (via Aden) from Harar, in Somali-land, under the name of Wars, or Wurrus, a 
term properly confined to saffron. Its origin is uncertain ; it is largely used, on the Muscat and 
Hadramaut coasts, in medicine and as a dye; Aden exported about 48,000 lb. of it in 1875-6. Fine 
Kamala is often adulterated largely with earthy matters ; a large quantity in a very impure state 
was offered in London in 1878, for cleanin^polished metal. The tree flourishes throughout India, 
up to 5000 ft. ; in Ceylon, the whole Eastern Archipelago, E. China, N. Australia, Queensland, and 
New South Wales, and in Abyssinia and S. Arabia. 

Kermes (Fb., Kermes ; Geb., Kermes). — This colouring matter is furnished by several species 
of Coccus, named after the plants which they inhabit ; it is identical in character with that afforded by 
cochineal. The most common variety of the insect is C. ilicis, found as a parasite on a dwarf species of 
oak, Quercus coccifera, a native of the whole Mediterranean basin. In England, this dye-stuff has been 
displaced by cochineal ; but in S. France, Spain, Morocco, and Turkey, it is largely used for dyeing 
leather and woollens, and in Milan, Borne, and Florence, for colouring beverages. The female insect 
deposits some 1800-2000 eggs on the leaves and branches of the oak, the amount of the crop 
depending upon the mildness of the preceding winter. These eggs form excrescences, which are 
bodily removed just before hatching would take place, usually from mid-May to mid-June. The 
collecting is performed at early morning, while the dew lasts ; experienced hands may pick 2 lb. in 
a day. The kermes are immediately exposed to the fumes of heated vinegar ; this destroys their 
fecundity, and develops a dull reddish-brown colour. The quality and price deteriorate as the 
season advances. The Spanish product seems to be most esteemed. The Algerian product is chiefly 
consumed locally, but the exports reach about 4000 lb. yearly. France imports about 6000 lb. 
annually, for cosmetic and pharmaceutical preparations. The colour is scarcely so brilliant as that of 
cochineal; but it is unchanged by soap or dilate alkalies. Other descriptions of kermes are afforded 
by C. Polonicus, found on the roots of Polygonum cocciferum, and other plants, in the sandy soils of 
Poland, and S.-W. Kussia ; by C. fragariel, on roots of the common strawberry, in Siberia ; and by 
C. uva-ursi, in Eussia. 

Lac (Fb., Laque des Indes; Geb., Lackfarbe). — This long-known dye-stuff is extracted from 
gum-lac (see Eesinous Substances) by the following process : — The crude lac is coarsely ground, 
and immersed for 16 hours in a cistern of water ; it is then trodden by men for about 4 hours, or 
until the colouring matter seems to be thoroughly extracted. The whole is then strained through 
cloths, while boiling alum-water is added ; the coloured water is run through two or three settling 
tanks, remaining for about a day in eacl?, by which the colouring matter is deposited. This is 
taken up, and placed on a canvas sti’ainer till free from water (2-3 days) ; it is then pressed, to 
extract the remaining moisture, and, at the same time, formed into square cakes bearing the maker’s 
name. Such is the general mode of preparation. An improved plan, adopted by Elliott Angelo, at 
Cossipore, is as follows : — The crude lac is placed in a horizontal disintegrator, supplied internally 
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with water ; the material is then broken very small, and the dye is extracted ; slionld the water 
contain no lime, a little is added, to facilitate the precipitation of the colouring ma^er. The whole 
is left to soak for 24 hours in a large vat : the liquid is then drawn off through a/jeries of settling 
tanks, each at a lower level ; the clear water is drawn off at the top, and the sediment is collected, 
passed through strainers, left to consolidate, and pressed into cakes, which are dried in the sun. 
The exports of the dye-stuff from Bengal, in 1875-6, were : —to the United Kingdom, 9655 cwt. ; 
America, 680 cwt. ; France, 256 cwt. ; other countries, 5 cwt. British Burmah, in the same year, 
exported 72 cwt. to England. The competition of coal-tar dyes has thoroughly crippled a once 
flourishing industry ; the value of this dye-stuff in the Calcutta market has gradually fallen from 
85 rupees a maund (of 82 lb.) in 1869, to 15 rupees in 1876, for finest quality ; while inferior qualities, 
formerly worth 25-53 rupees, are now unsaleable. The London market prices are approximately as 
follows D T, lOd. a lb. ; B Mirzapore, 9-1 Od. ; J E & G Mirzapore, 2i-3id. ; other good and fine, 
5-lOd. ; ordinary and native, lj-5d. 

Lan. — This is a Chinese product, very common in the provinces of Konang-Toung, Fokien, and 
Tohe-Kiang It is derived from the fresh leaves of an acanthaceous plant, and yields a light blue 
on cottons. 

liaureline. — This name has been given to some new colouring matters, which Dr. W. H. Gregg, 
of New York, is engaged in extracting from camphor. The main production hitherto has been 
yellow, in a variety of shades, and peculiarly brUliant and fast. It promises also to be cheap, and 
easily manipulated. 

Litmus (Fb., Toumesol ; Geb., iocimus).— The colouring principle of orehella (q. v.) receives 
this name, when it is prepared in the following manner : — Lime and carbonate of potash are added 
to the ground lichen and urine ; in 3-4 weeks, a blue colour is developed ; this is mixed with 
gypsum or chalk, and dried. It is used in Holland for colouring cheese ; by dyers, to produce 
crimsons ; and in the staining of chemical test-papers. 

Logfwood (Fb., Boisd’Inde, Bois sanglant ; Geb., Blauholz ). — This well-known dye-stuff is the 
heart-wood of Hamatoxglon Campechianum, a tree of moderate height, growing abundantly in Hon- 
duras and Mexico (as a native), and in moat of the W. Indies (naturalized). The trees may be felled 
when about 10 years old ; the bark, and the alburnum or white sap-wood, is chopped off, and the red 
heart-wood is out into logs of about 3 ft. in length. The wood is dense and tough, but splits easily ; 
it is verj' little affected by exposure, remaining brownish-red internally but acquiring ahlaokish-red 
tint externally. The felling, barking, and shipping of the wood constitute an important industry in 
the districts where it grows. Our imports in 1878 were contributed as follows : — British W. Indies, 
19,621 tons ; British Honduras, 11,147 : Hayti and St. Domingo, 4541 ; Mexico, 1826 ; other 
countries, 1176. In 1879, they were respectively 23,641, 10,680,4964, 3205, and 2063 tons. Four 
kinds are distinguished in the London market : — “ Campeaohy,” 71. 15s.-81. 10s. a ton ; “ Honduras,” 
71. 10s. -71. 15s. : “ St. Domingo,” 61. 10s.-61. 15s. ; “ Jamaica,” 61.-61. 15s. Hamburg imports about 
20,000 tons yearly. Logwood chips are used medicinally, for the astringent principle (see Drugs). 
For dyeing purposes, the logs are reduced to a coarse powder, by means of machinery ; the powder 
is moistened, and laid in beds, 15-20 ft. long, 10-12 ft. wide, and about 3 ft. thick ; fermentation 
ensues, by which the colouring principle, Hmmatein, CjjHj^Oij, is liberated. Large quantities of 
extract also are prepared. For this purpose, the wood must not be too highly oxidized ; the solution 
obtained from it by repeated lixiviation is slowly concentrated at a temperature not exceeding 65n° 
(150° F.). This extract is much employed in calico-printing. Both the wood and the extract are 
extensively employed to produce cheap blacks on mixed fabrics. The exports from St. Domingo, 
in 1878, were about 1122 tons, half of which went to the United States, partly for re-shipment to 
Europe. Havre constrmes large quantities. The exports from British Honduras, in 1878, were 
13,704 tons. Under existing circumstances, this colony could easily keep up an export of 8000-10,000 
tons annually ; and a few seeds scattered, or a few trees planted, in any swampy ground, sufBce to 
ensure a regular crop of the dye wood every 8-10 years. 

madder (Fb., Garance ; Geb., Arqpp).— The useful dye-plant, Bubia tinctoria, is very widely 
distributed, from S. Europe to E. Asia. In Central and S. Europe, it is still extensively cultivated 
though the development of the artificial manufacture of alizarine (see p. 683) is gradually driving 
the plant from Western markets. It is hardy, and withstands frost and drought; during the 
first winter, care must be taken, in very cold situations, that the heaving of the ground shall not 
expose the roots. It is propagated by sets or shoots ; the best soil is a deep rich loam, containing 
abundance of lime salts. Planting is effected in small furrows, 3 in. deep, and 8-10 ft. apart, with 
a space of about 1 ft. between the roots. The ground is hoed to keep down weeds ; and when 4he 
plants are 12-15 in. high, their tops are bent down to ffie ground, and covered with earth, except 
at the ends. In France and Holland, this last operation takds place in November ; the practice is of 
questionable value, unless when sets are required for next year’s planting, as it encourages 
“ runners,” which are valueless for dyeing purposes. A better plan is to cut off the herbage, which 
forms excellent fodder. The roots may be gathered in the 3rd year ; in Turkey and the East, they 
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are often left till the 5th-7th year, that the colouring matter may be more thoroughly developed by 
the oxidizing influence of the air. The benefit of this plan is, however, often counteracted by the 
attacks of fnngiJ The roots are removed singly from the ground, in August-September, and are 
thoroughly washed, dried, and stacked away. The drying is variously performed by sun-heat, in 
the shade, and by stove-heat. Fresh roots yield about 24 per cent, of commercial madder. The 
dried roots are selected according to quality, and ground to a fine powder, a process which is ren- 
dered very easy by the extreme brittleness of the root. The powder is stored in casks, and is said 
to improve by keeping for 2-3 years, but to deteriorate greatly beyond that time. The colouring 
matter resides almost entirely in the cortical part of the root. The best samples are grown on cal- 
careous soils. 

A preparation of the colouring matter of madder, known as Fleurs de Garance, is made in the follow- 
ing way : — The madder is mixed with 8-10 parts of water, and left for 3-4 days, at a temperature of 
24°-27° (75°-80° F.), when fermentation ensues, transforming the sugar of the root into alcohol. The 
latter may be collected, and used for technical purposes, the yield being about 15 gal. from a ton of 
madder. The purified colouring matter amounts to about 55-60 per cent, of the madder. A more 
concentrated preparation is “ garanoine,” prepared by treatment with sulphuric acid, which destroys 
much of the woody fibre, and affords about 25 per cent, of a fine light-brown colour. The pure 
colouring principles, alizarine and purpurine, are separated by the following method : — ^Madder, 
600 lb., is macerated for 12-15 hours with 800 gal. of a weak solution of sulphurous acid, com- 
bined with 0 ■ 001 part of hydrochloric acid, to neutralize earthy carbonates present in the root. The 
operation is repeated three times ; to the liquors, is added 3 per cent, sulphuric acid, and the whole 
is heated up to 60° (140° F.) ; red flakes are deposited ; these, washed and dried, are commercial 
purpurine. The liquor is then boiled for 2 hours, and left to cool ; a dark-green powder is preci- 
pitated ; washed and dried, it forms alizarine verte. The product of purpnrine is J-f per cent. ; 
and of alizarine, 3-4 per cent. Extracts of madder are produced by treating the roots with boiling 
water, collecting the precipitates separated on cooling, mixing them with gum or starch, and adding 
acetate alumina or iron. This forms a ready mordanted dye, which may be directly used in calico- 
printing. 

The consumption of this once all-important red dye is now on the wane in England. Our im- 
ports, in 1878, were as follows: — Madder: &om Holland, 16,750 cwt. ; France, 4508; other countries, 
601; Madder root: Turkey, 4224 cwt. ; Holland, 3354; other countries, 3339; Garanoine: France, 
1762 cwt.; other countries, 820. In 1879, they were respectively 10,822, 2862, 28, 0, 5819, 
1932, 1071, and 418 cwt. Turkey madder root, which is considered the best, is now worth 
about 13-14S. a cwt. ; in 1868, the prices were French madder, 45s. ; Turkey roots, 50s. ; garan- 
cine, 150s. The cultivation of madder in England has never been attended with success, from 
climatio causes ; moreover, it could not be made remunerative except where land is very cheap, and 
where coal-tar dyes are not produced. These conditions are fulfilled in many of our Colonies ; 
several of the Australian Drosera yield an identical (or nearly so) colouring matter, and may repay 
cultivation. The production in France, where formerly the plant was very extensively grown, espe- 
cially in the department of Vaucluse, whose principal town, Avignon, was renowned for this article, 
fell, in 1878, to about 14,000 cwt., the yield of about 1000 acres. In 1871, nearly 30,000 acres gave 
over 263,000 cwt. Here tbe plant is generally raised from seed, sown in the spring. Holland 
was estimated to produce annually about 14^ million lb. of madder roots a few years since. The 
best were grown in the islands of Schowen and Duiveland, and in the district comprised between 
the mouths of the West Escourt and the Belgian border. The cultivation in Italy has been 
entirely abandoned, yet, in 1878, some 24,000 cwt. of roots were still on hand in Naples. 

The plant grows wild throughout a large portion of Central Asia and S. Russia. It is also culti- 
vated more or less in many districts, notably about Kouban in Baku, and around Derbend. The 
best is said to be produced in Astrakhan, Derbend, and Trans-Caucasia, the last being known 
as “Persian” ; the qualities of the growths of Kokhand, Bokhara, and Khiva, are in the order 
given. The best Persian madder comes from Yezd. 

Successful attempts have been made to cultivate madder in some of the United States, as at 
Columbus and Birmingham, in Ohio ; at Montague, Franklin Co., Massachusetts ; and on the Con- 
necticut River. 

Mexican Blue. — The colouring matter of Sericographis Mohiti, a native of Mexico, serves the 
indigenous inhabitants as a blue dye for textiles, which are simply plunged into a hot decoction of 
the plant itself. The colouring principle bears much resemblance to litmus, being reddened by 
acids, and then rendered violet by alkalies. 

Munjeet (Fb., Garance des Indes; Ctes,, Munjeef). — A product much resembling madder, 
and very generally replacing it in EaeUern industry, is afforded by the plant known as munjeet, an 
Indian name, applied not only to Ruhia Munjista (cordifoliaj, but also, it would seem, to R. tinctoria, 
or true madder. The plant is cultivattH in many parts of India, as Assam, Nepal, and Bombay. 
The dried root has occasionally reached this country, but was unable to compete with European 
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madder, as its colours were neither so bright nor so fast. It is, however, a very important article 
of export over the Himalayas to Thibet, where great quantities are consumed in dyehig the garments 
of the Lhamas. Our imports, in 1878, were 285 cwt. The London market value p about 20s.-25s. 
a cwt. 

Nag-kassar. — The flower-buds of Mesua ferrea (see Perfumes) are used in India for dyeing 
silk ; they have once been introduced into the London market, under the name “ Nag-kassar,” a 
corruption of the Bengalee Nag-kushur. 

OrcheUa (Fn., OrseiUe, Tournesol; Geb., Orseille). — Three colouring matters, known respec- 
tively as Orchil, Cudbear, and Litmus, are obtained from two species of lichen, Rocella tinotoria, and 
B. fuciformis, found growing in the Canary Isles, the Cape Verds, Sardinia, Madagascar, Zanzibar, 
and Angola, but commercially obtained chiefly from Central America. From recent studies of 
B. fuciformis, it is concluded that the lichen contains two colouring matters already formed, while 
a third (red) is developed by reagents. The lichen is treated with hot water, to extract the green 
principle ; then with alkaline carbonate (preferably soda), to remove the red element ; and finally 
with alcohol, to obtain a solution of the yellow colouring matter. The consumption of orchil in this 
country is now almost entirely superseded by the aniline dyes, though it is occasionally employed 
for “ topping ” cheap indigo blues on cotton goods. The exports of this article in 1878 were, from 
Mogador, 60 cwt., value 901. ; from Guayaquil, 738 quintals (of nearly 2 cwt.), value 11071. ; all to 
Great Britain. The London market values are approximately as follow ; — Ceylon and other E. Indian, 
20-45s. a cwt. ; Zanzibar and Mozambique, 28^0s. ; Guayaquil, 30-35s. ; Californian, 21-25s. 

Osage Orange. — The wood of the hedge-plant, known as the Osage orange {Madura awantica'), 
when boiled in water, yields a yeOow extract, which, in Texas, is employed as a handsome dye. 

Panama Crimson. — The leaves of a vine called china, which grows abundantly in the hilly 
regions of the Isthmus of Panama, and sheds its leaves annually, are used by some of the natives 
for dyeing their straw hats of a beautiful crimson tint. Commercially this dye-stuff has been quite 
ignored, yet it possesses the valuable properties of withstanding sun and rain, without deteriorating 
in the least. 

Persian, or Yellow Berries.— Bright yellows and greens are produced from a decoction 
of the berries of Bhamnus tinctorius, B. infectorius, B. saxatilis, B. amggdalinus, B. oleoides, which, 
among dyers, are known indiscriminately as “Persian berries,” while among dealers, they are 
named from the place whence they are imported, as “Avignon grains,” Spanish berries," “Turkish 
berries,” “ Persian berries.” The different species or varieties of the plant grow well in France and 
Spain; throughout Asia Minor and the E. Taurus, figuring largely among the exports of Alexan- 
dretta and Smyrna ; and are much cultivated in Persia, especially in the neighbourhood of Kaswin. 
The berries should be gathered just before they arrive at maturity, otherwise good results cannot 
be obtained with them. After keeping for a year or two, they yield much less brilliant colours. 
The yellower they appear, the lower is their market value. The berries are used by dyers of 
woollens and mixed fabrics, by calico-printers, paper-stainers, and leather-dressers. Their decoc- 
tion also yields a lake (see Pigments). The London market value of Yellow berries is about 
45-6.08. a cwt. 

Poppy (Fe., Coquelkot ; Gee., £datschrosen).—A fine red colouring matter is furnished by the 
petals of the common red poppy, or com rose {Papaver Bhmas), an annual herb, found abundantly in 
fields throughout aU Europe. The plant is a common accompaniment of cereal crops, and is 
plentiful in England and Ireland, but less common in Scotland. It seems to be strictly a native of 
Sicily, Greece, Dalmatia, and, perhaps, the Caucasus ; it is very common in Central and S. Europe, 
and in Asia Minor, whence it reaches to Abyssinia, Palestine, and the banks of the Euphrates ; but 
it is absent from India and N. America. The colouring principle of the petals is still very imper- 
fectly known ; it is readily taken up by water, and by spirit of wine, but not by ether. The petals, 
preferably in a fresh state, are employed in pharmacy, for their fine colouring matter. They contain 
no medicinal principle. 

PupU.— The root-bark of thep«/>ff {Ventilago Maderaspatana) is in common use in India, to 
produce orange, chocolate (with chay-root), and black (with galls) dyes. The roots are gathered 
by Yanadis, a rude tribe living in the jungles of the NeUore district, and subsisting by the collec- 
tion of natural products. 

auercitron (Fb., Quercitron; Gee., Oaerafron).— Fine yellow colouring matter is obtained 
from the bark (deprived of epidermis) of a species of oak, called Quercus nigra {tinotoria). The tree 
is a native of N. America, and is found especially in the forests of Pennsylvania, Georgia, and the 
Carolinas. The most esteemed quaUties are imported from Philadelphia, New York, and Baltimore. 
The bark is removed from the tree, dried, and groifcd between mill-stones. The value of the 
powder is in direct proportion to its fineness, as the woody»fibre of the bark, containing but little 
colouring matter, is not readily reduced. The bark is now seldom or never used directly by dyers 
having been replaced by the preparation known as “ flavftie,” the colouring principle of the bark in 
a commercial form. Flavine is made by two different processes :—i'l) About 10 cwt quercitron 
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bark is boiled vdth 63 lb. aoda crystals in abont 2000 gal. water ; after boiling for about 15 minutes 
250 lb. concenWed (sp. gr. 1-845) sulphuric acid is added; the whole is then kept boiling 
for 2 hours, wh^ it is ran on to wooUen filters, washed till free from acid, pressed, and dried! 
(2) A better method, perhaps, is as follows About 100 parts quercitron bark, 300 parts water, 
and 15 parts sulphuric acid (as before) are boiled together for 2 hours; the mass is then washed, 
pressed, and dried, as in the first process. The yield from 100 parts quercitron bark should be 
85 parts flavine, with a dyeing power equal to 250 parts of the bark. Quercitron bark gives a fine 
yellow on woollens, but the colour reddens by exposure, and its use is on the decline. Flavine is 
employed in calico-printing, less as a yellow dye, than to communicate browns and oranges to madder 
reds. 

Safllower (Fb., Carthame,Safran batard; Geb., Saflor, Falsche 8'a/ran).— The dye-stuff known 
as “safflower” is the bloom of a species of thistle, Carthamus tinctorius, cultivated in France, 
Spain, Italy, Egypt, and India. The European method of preparing the dye is as follows The 
florets forming the compound flowers are picked by hand in d^ weather as fast as they begin to 
open, for by waiting for the expansion of the whole flower, the colour commences to fade. The 
gathered florets are at once carefully dried, either in the shade, or under pressure in a kiln. The 
next object is the separation of the true colouring principle, termed carthamic acid, 0„HjjOu, from 
a secondary yellowish colouring matter, affording only dull shades of no value, and from impurities. 
This separation is rendered very easy by the solubility in water of the useless principle. The 
florets are tied in a sack, and laid in a trough, through which gently flows a constant stream of 
water; the sacks are then trodden, to help the expulsion of the yellow matter; this is continued 
till the effluent water exhibits no yellow tint. If the safflower is not required for immediate use, it 
is simply removed, dried, and pressed into cakes, when it is commercially known as “stripped 
safflower.” To extract the red colouring matter, a further process is necessary ; — the florets are 
again placed in water, to which is added crystallized carbonate of soda, to the amount of about 
15 per cent, of the weight of safflower; the mass is left to macerate for about two hours, and 
the liquor, holding carthamate of soda in solution, is run off from the exhausted flowers. This 
liquor may be used directly as a dye, by adding citric acid, to liberate the carthamic acid ; or the 
carthamate of soda may be decomposed by tartaric acid, when the carthamic acid is precipitated as 
a brilliant red amorphous powder. This powder, mixed with a little water, is sold as “ safflower 
extract.” Both it and stripped safflower are used, principally in and around Lyons, for giving red, 
bright orange, cherry, rose, and flesh tints to sUks and satins. Safflower extract, dried, and mixed 
with grotmd talc, forms the popular cosmetic known as rouge; the extract is also occasionally used 
for colouring confectionery, but possesses purgative qualities. Safflower was for a long time the 
only dye used on red tape, and large quantities were consumed in Lancashire for the production of 
pecnliar pinks for the Eastern markets. It is, however, declining before the coal-tar colours. A 
special preparation used in dyeing contains the carthamic acid in a condition that renders it 
soluble in water. 

In India, safflower is extensively grown ; in Bengal, it has received the attention of the local 
government. It is cultivated chiefly in the district between the Ganges and the Dhulleseray ; 

6 seers (say 12.1 lb.) of seeds are required to sow 1 beegah (3025 sq. yd.) of land, and should yield 
about 10 seers (say 20J lb.) of flowers. Land subject to periodical inundation is the best; the 
crop is exhaustive, and the returns will not be good for more than about 3 years in succession. 
The land is ploughed, and the seed is then sown broadcast, or dibbled in with the finger. Weeding 
must be attended to. Bain, when the plant is 1 ft. high, is beneficial ; but after the appearance of 
the flower, it is injurious, and washes out the colour. The sowing season is October-November ; 
harvesting takes place in March-April, when the petals assume an orange hue. The petals are 
plucked as they mature, at intervals of 2-3 days, and the operation has generally to be performed 
4-5 times. The first harvest yields many undeveloped flowers, deficient in dyeing qualities ; the 
last contains also many inferior flowers, as the plant is then old a^id withering, and the colours are 
fading. Skill and attention are required of the gatherers, who must be in sufficient number, as the 
least delay after the florets have matured causes the colour to deteriorate, and may eventually 
destroy it. As fast as the petals are picked, they are placed in mat baskets, in the shade, and 
trodden for about an hour ; they are then left during the night, without any water having been 
applied to them. Kext morning, they are placed on a mat, arranged to permit the free escape of 
the water, which is constantly poured on, while the mass is kneaded. Eiver water is preferable to 
tank water; when filtering is impossible, the water must be allowed to stand for at least 24 hours 
before use, as the presence of muddy mattery would spoil the colour. After being worked up in 
this way for two hours, the mass is replaced in baskets, and moistened with water ; in the after- 
noon, it is again kneaded for about two hours, and abundance of clean water is poured over it. This 
kneading process should be repeated at "j^orning and evening for 3 days, the mass never being 
allowed to become dry. To ascertain whether the pulp is fit for use, a sample is put into clean 
water ; if the least tint is communicated to the water, kneading and washing must be resumed. 

3k. 
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The pnrifled pulp is squeezed between the hands, so as to form little cakes, about 1^ in. wide, and 
in. thick in the middle, tapering to the edges. Large cakes are liable to /e broken uj nd 
are less in favour with merchants. The cakes are laid on mats to dry in the faun for 3-4 days ; 
during this time, wet weather is destructive of the colouring matter, and retards the process. The 
dried cakes should be kept in dry covered receptacles. After the flower crop has been harvested, 
the plants are left for about 3 weeks, for the seed to ripen ; they are then cut down, or pulled up, 
and spread to dry in the sun, after which, the seeds are beaten out with flails. The seeds in excess 
of the requirements for the next season’s sowing are pressed, and yield an oil (ace Oils), useful for 
culinary, illuminating, and medicinal purposes ; the leaves and stems are used as fuel, and the ash 
they afford contains so much potash as to be a good substitute for soap. In Assam, Dacca, and 
Kajpootana, safflower is cultivated for export ; that from Bombay is least esteemed. The dye is 
largely used in India, despite its fugitive nature. Its value in Western markets has been much 
depreciated by adulteration. The production of Indian safflower is now estimated at about 
12,000 cwt. annually. In 1868, we imported over 32,000 cwt. from British India ; in 1878, the 
total imported from Bengal and Burmah was only 3263 cwt., valued at 14,773/. ; in 1879, our im- 
ports were : — ^firom Bengal and Burmah, 926 cwt. ; other countries, 222 cwt. 

China has always been known as producing very superior safflower. The plant is extensively 
cultivated for dyeing purposes in the provinces of Sechuan, Yunnan, Honan, Kiang-si, and Chenai. 
The flowers are plucked, and placed in cloth bags ; here they are strongly pressed, and are then 
dipped in a succession of baths of water; the bags are wrung several times, in order to extract all 
the yellow principle; and the flowers, containing only the ted colouring matter, are damped 
with an aqueous solution of the ashes of rice-straw (for the sake of the alkali present), covered 
with green herbs, left for one day, and then formed into cakes. Safflower is an article of consider- 
able importance in local Chinese trade. The exports of the article, in 1878, were : — from Hankow, 
6544 picals (of 133J lb.), valued at above 121,0001. ; and from lehang, 405i piculs, valued at 63421. 

Besides the safflower imported from India, in 1878, we received 196 cwt. from other countries, 
not specified in the returns. The relative market values of the different commercial brands are 
about as follows: — Bengal, good to fine, 81.-101. a cwt.; ord. to mid., 71. 15«.-8/. 178. 6(i. ; Persian, 
1/.-5/. 

Saflflron (Fb., Crocine ; Gee., Safran). — The saffron crocus {Crocus satims) bears a great 
resemblance to the common garden crocus, but flowers in the autumn. It is supposed to be a 
native of Greece, Asia Minor, and probably Persia, but long ages of cultivation have rendered its 
home doubtful ; by some, it is considered a hybrid. In the early part of the last century, it was 
largely cultivated in an area of 10 miles lying between Cambridge and Saffron Walden, and 
though the culture almost ceased to exist towards the end of the century, small parcels of the 
blossoms continued till a much later date to be brought to the London market. This branch of 
agriculture now flourishes chiefly in Spain, — in Lower Arragon, near Alicante, in N. Murcia 
(Albacete), in La Mancha, near Huelva, and in the island of Mallorca (near Palma). In Prance, 
the cultivation survives in the district of Pithiviers-eu-Gatinais (Loiret). In Italy, it was, till 
lately, very general, the most celebrated localities being Castelnuovo, Catania (Sicily), Aquila 
(Capitanata), St. Gavino (Sardinia), Bibbiena, and Montalcino (Tuscany). In Austria, small 
quantities of excellent saffron are produced at Maissan, north-east of Krems. Ghayn, an elevated 
region on the borders of Persia and Afghanistan, affords large contributions ; and a little is col- 
lected at Pampur, in Kashmir. The cultivation is carried on in some parts of China ; and in 
the United States, the collection of the flowers occasionally occupies the German inhabitants of 
Lancaster Co., Pennsylvania. 

In France, where the cultivation is carried on by small peasant proprietors, a saffron-fleld is not 
in full bearing till the end of the second year ; at the end of three years, the land is so exhausted 
that this crop cannot be repeated for 15-16 years. The plant requires a very peculiar soil, and land 
suitable for it brings double the ordinary price. An analysis of a very favourable soil gave : — 
Quartzose sand, 26' 8; silica and alumina, 27'9; oxide of iron, 2'0 ; carbonate of lime, 37' 0; 
water, and organic matters, 6-3 per cent. An acre should yield 600,000-700,000 bulbs, each 
producing 2 or 3 flowers ; about 150,000 flowers will give 1 lb. of fresh pistils— the only valuable 
portion— which are reduced to about ^ by drying ; the average return of dry pistils in the second 
and third years is 9-27 lb. an acre. The flowers are gathered in September-October. The 
separation of the pistils from the flowers entails enormous labour, and costs 10d.-48. a lb., according 
to the labour market. The extracted pistils are carefully dried, in lots of about 1 lb., by suspending 
them for i hour in a horse-hair sieve over a genrie charcoal Are. The dried pistils are then 
bought up by commercial travellers, at about 303.-40s. a ^)i). — 8/. a lb. has been given, — chiefly for 
export to Germany. Despite its high price, saffron does not always repay cultivation, on account 
of the risk of damage from the weather, and the attack^ of fungi. 

In Sicily, and some of the provinces of S. Germany, the plant is grown in gardens, with great 
care, and yields a superior product, though small in quantity. The flowers are plucked in the 



TOKIO-PUEPLE. 


867 


autumn at early morning, and the pistils are dried very gradually in special stoves. The neigh- 
bourhood of me town of Tastus, in Tunis, produces a small quantity of excellent saffron. An 
important cent* of cultivation is Safranboli, in the vilayet of Kastamouny, Asia' Minor. The bulbs 
are there transmuted in April ; and, in the autumn of the third year, yield an abundant crop, 
valued at about 50s. a lb. In Kashmir, the cultivation is carried on in nearly every part of the 
pergunnah of Pampur, the local soil alone being found suitable. It appears to consist of a light 
ferruginous clay, which is excavated near the Djilam, and carried to the fields at great expenditure 
of labour. The bulbs are planted out in small square beds in June, weeded, and freely irrigated, 
and the crop is gathered in October. Its value varies from 5«. a lb. downwards, according to the 
extent of adulteration. 

Commercial safifron, or “ Hay saffron,” as it is called, consists of a mass of crooked threads, 
often united in threes ; their colour varies from deep orange-red to whitish ; they have an aromatic, 
sharp odour, a pungent, balsam-like flavour, and are unctuous, tough, and flexible. Spanish saflron 
is quoted wholesale at 20-44s. a lb. 

As a dye-stuff, saffron is now replaced by much cheaper substitutes ; it is, however, still retained 
for colouring medicines and confectionery, and is largely used as a condiment, on the Continent and 
in India. In the latter, it is also employed in religious rites ; and medicinally, though it is quite 
inert as a drug. It is sparingly used in Italy, for staining skins. The coloiuing matter amounts to 
about 42 per cent., and is so powerful that a single grain will distinctly tinge 10 gal. of water. 

The high price of saffron has always been a great incentive to adulteration, which is practised in 
a number of ways. Sometimes Calendula flowers dyed with logwood, or safflower blossoms, or saffron 
stamens, or marigolds, or slices of pomegranate petals, are added. Another system consists in 
coating the genuine saffron with powdered carbonate of lime, previously coloured orange-red ; 
barytes and emery powder are similarly used, and rendered adherent by honey. The weight 
is sometimes increased by the addition of oil or water. A curious fraud perpetrated in Italy is the 
substitution of shreds of fibrous beef, previously boiled to remove the soluble matters, then stained 
with solution of saffron, and dried. The presence of almost any adulterant can be detected by 
throwing a little of the sample into a glass of warm water: inorganic matters will create a 
turbidity ; organic substitutes can be recognized by their shape, and change of colour. 

Sanders-wood (Fa., Santal rouge ; Geb., Kothes Sandelholz). — The wood of Pterocarpus san- 
talinus (perhaps also of Pt. Marsupium), which is very commonly confounded with Sandal-wood (see 
Perfumes), contains the same colouring principle as Barwood and Camwood (q. v. ante). The tree 
is a native of 8. India, as Canara, Mysore, Travancore, and the Coromandel Coast ; it is also found 
in Mindanao, in the Philippines ; and the discovery of a large forest of the trees in the Fiji Islands 
has recently been announced. Our supplies are drawn from the S. Indian forests, where the tree 
is now systematically cultivated (see Timber). The portions of the tree used in dyeing are the base 
of the stem and the thickest roots. It is imported from Madras, in heavy logs, 3-5 ft. long, without 
bark or sap-wood. For use, it is rasped into small chips. It is employed chiefly on the Continent, 
for giving a “ bottom ” to cloth which is to be afterwards dyed with indigo; it is also used as a 
colouring ingredient in pharmacy. It value is 6s. 3d.-6s. 6d. a cwt. 

Sapan-wood (Fb., Bois de Sapan ; Geb., Sapanhoh). — The wood of Ccesalpinia Sapan may be 
considered the log-wood of the East. The tree grows in Malabar ; abundantly in Siam and the 
Tenasserim Provinces ; and in the Philippines. In Paulghat, Madras, it is regularly cultivated. 
In the N. provinces of Siam, and along the hills dividing that country from Tenasserim, the tree 
grows wild. Great quantities are annually sent from Soupan and Bang-chang, and from the W. 
coast of the Gulf of Siam, via Bangkok to Singapore, and to Dacca. Large forests of it are said 
still to exist about the head-waters of the Hlion Bwai and Dagyne rivers, and it is distributed more 
or less throughout the whole of the Tenasserim Provinces. The Philippines contribute largely to 
the commerce in Sapan-wood, most of the product being consumed in China, where it affords the 
common brownish-red dye of the poorer Chinese clothes. The exports from Manilla, in 1878, were 
6019 tons, of which 5167 tons went to Hong Kong, and 545 tons to Great Britain ; the estimated 
value was 20,4851. The exports from Cebu, in the same year, were 781 piculs (of 139| lb.) ; and from 
yioilo, 32,232 piculs were sent to Hong Kong, and 3522 piculs to the United States. The principal 
localities of production in Yioilo are the villages of Guimbal and Tigbanan, in the south of the 
island: also the neighbouring island of Guimaras. The wholesale London prices are approxi- 
mately Siam, 71. 10s. a ton ; Manilla, 61. 5s.-9/. ; other kinds, 61. 10s. -121. 7s. 6(1. Both the trunk- 
wood and root- wood are employed. It is much used in Pegu, for giving a red tint to silk ; and in 
Madras, for dyeing straw-plait for hat-making. 

Tisso, or Teesoo. — The flowers of Sutea frondosa (see Fibrous Substances), and probably also 
of B. superba, are employed in India 'and China, for giving yeUow and orange tints to cotton goods. 
They were once imported into Liverpool, as “ Kessaree flowers,” but are not now known in Western 
commerce. * 

Tokio-purple. — The root of Lithospermum erythrorhizon, a native of Japan, contains a red 
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colouring principle, which in used with mordants, to dye a purple shade knowu as “ Tokio-purple.” 
The roots occur in commerce as thick lumps, purple without, and yellowish-wWte within. It 
would appear to be useful rather for colouring oils, than for dyeing textile fabrics, i 

Turmeric (Fk., Curcuma; Geb., Kurkuma, GeVmurzel). — The root of Curcuma longa affords a 
yellow colouring matter. The plant is indigenous to 8. Asia, both continental and insular, where 
it is largely cultivated. The rhizomes are of two kinds : the central ones are round, seldom less 
than I in. thick, often cut and scalded, to destroy their vitality and facilitate drying ; the lateral 
ones are long. Both are very hard and firm, with a duU waxy resinous fracture, of orange, or orange- 
brown colour ; they possess a peculiar aromatic odour and flavour. Five descriptions of turmeric 
are now distinguished in the English market, according to the locality of production, but possessing 
too feebly marked characters to admit of verbal definition. These are ; — (1) Clraa, largely shipped 
from Takow (Formosa) to Chinese ports ; it is rare in the European market, and is much esteemed, 
its price being about 15-21s. a cwt. (2) Madras, a fine variety, occurring in pieces termed 
“ fingers,” and valued at 13-25s. a cwt. (3) Bengal, possessing a deeper colour than any other 
sort, and therefore preferred by dyers ; value, 13a. 9d.-14s. a cwt. (i) Java, distinguished chiefly 
by being dusted with its own powder, and showing a dull fracture ; worth lO-lla. a cwt. 
(5) Malabar, in “ bulbs,” 88. 9d.-10s. a cwt A sixth variety, termed Cochin, not quoted in London 
lists, appears to belong to another species of the plant (see Starch). C. longa grows wild in many 
parts of India, and is a general object of cultivation. It prefers rich, light soils ; and is easily 
propagated by off-sets from the roots. An acre should yield 2000 lb. of fresh roots. The roots are 
dried and ground, for use. Very fine turmeric is said to grow in the Isthmus of Panama, and to 
await commercial development. On the slopes of all the hills bordering the plains of the Beni, in 
Bolivia, the plant is found in large quantities, and the roots will probably soon become an article of 
export. The so-called “ African turmeric ” is yielded by a species of Canna, which is cultivated 
by the inhabitants of Sierra Leone, for the rich yellow dye afforded by its rhizomes. The tubers 
attain maturity in December- January, and are then dug up, and sun-dried, before being taken to 
market. The price is nominal, and depends upon the demand. The value of turmeric in Western 
commerce depends solely upon its yield of colouring matter, Curcumin, CmHijOj ; its employment 
in dyeing textiles is limited and declining, and one of its principal uses is for giving a yellow tint 
to chemical test-papers. In the East, it is used less as a dye than as a condiment ; it is also a 
common ingredient of curry-powders (see Spices). 

■Walnut-husks. — The green outer husks of walnuts contain a yellow-brown colouring matter, 
which dyes remarkably permanent shades on woollen and cotton goods, and might be used for 
staining wood. No mordant is required for wool, and the dyeing is cheap and simple. The husks 
may be kept dry till used, or packed moist in tubs, which latter increases their colouring power. 

Weld (Fa., Gaude, Yaude ; Gek., Wau). — The pods of the non-aromatic variety of mignonette, 
named Weld (^Reseda luteolt), afford a yellow colouring matter, which has been called Lnteoline, 
CjjHjOio. The plant is either annual or perennial, growing to a height of 2-3 ft. ; it flourishes best 
in light calcareous soils. The seed should be drilled in during early autumn, on land that has been 
well tilled. About 10 lb. of seed sutfice for an acre. Inflorescence commences in the following 
July, when the crop may be harvested; or the ripening of the seed may be awaited, the latter 
being then thrashed out, and pressed, yielding 25-35 per cent, of oil. The plants are pulled up by 
the roots, and left lying for a few days on the ground ; they are then tied together in small sheaves, 
and set up to dry, after which they are ready for transport- to market. An average crop will be 
30-40 cwt. an acre. The plant is very liable to attacks of mildew, which much reduces the value 
of the return. The permanence of the dye, and its suitability for both animal and vegetable 
tissues, led to its being largely cultivated in England, and on the Continent ; but the competition 
first of quercitron and flavin, and then of aniline dyes, has caused it to be almost, or quite, 
abandoned. 

Woad (Fr., Guede, Youede ; Ger., Waid). — The leaves of Isatis tinctoria,a, variety of the indigo 
plant, yield a blue dye, which will ever be historically interesting, as the substance with which the 
ancient Britons stained their bodies, but which has been driven out of the English market by true 
indigo. In districts where indigo cannot be obtained, its culture may still be remunerative. The 
plant thrives only in deep friable loams, such as the fen lands of Lincoln and Huntingdon, and 
3-4 years is the maximum period for which it can be continuously grown iu one spot. The seed is 
drilled into the ground in March-May ; the young plants are thinned out as soon as they are 
3-4 in. high. By the middle or end of July, the first sowing wiU be ready for cropping, which 
should be commenced as soon as the leaves of the plants (8-9 in. high) begin to change colour. 
The leaves are pulled off separately by hand, and convened to the manufactory ; in about 6 weeks, 
a fresh crop of leaves is produced ; and sometimes a third cfop is taken in the same way. The 
produce, however, decreases each time. A portion of the crop is left to produce seed ; the flower- 
stem is thrown up in spring, and the seed-pods ripen aW July, when they are plucked, and 
threshed with flails. The dye is prepared from the leaves in the following way The leaves are 
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crashed iu edV-ranner mills ; the pulp is removed, and laid up in small heaps to drain, till the 
mass is suflScie\tly dry to cohere ; it is then ‘‘ balled,” or pressed by hand into lumps, 4-6 in. thick. 

The balls are taken into a drying shed, which is roofed and well ventilated, and are spread on 
hurdles. When thoroughly dry, the balls are stored in a dry and airy place tdl the whole crop is 
completed ; they are then submitted to the final “ couching,” or fermentation. This forms a winter 
occupation. The balls are ground to coarse powder in the edge-runners, and spread 2-3 ft. thick 
on the floor of the “ couch.” The powder is now watered and constantly turned over, to ensure 
the utmost possible equality in the fermentation. Considerable heat, and abundant offensive fumes, 
are generated ; if the fermentation be too slow, the product becomes “heavy,” if too rapid, “foxey”; 
in either case, its value is much affected, consequently the operation needs to be conducted with 
great skill. When completed, the mass is simply turned, till its temperature sinks low enough to 
admit of its being packed in casks for transport to market. 

Bibliography. — T. Shortt, ‘ Culture and Manufacture of Indigo ’ (Madras : 1862) ; P. L. Simmonds, 
‘Tropical Agriculture’ (London ; 1877). 

(See Coal-tar Producta ; Dyeing ; Pigments.) 


EIjECTB,0-METADLXrRGT. 

The deposition of metals upon prepared surfaces fifom solutions of their salts, by electrical 
action, is the object of the art of electro-metaUurgy. So far as can be ascertained, it has only 
been applied in a commercial form during the present century. Two great branches of the many 
processes included under this general name are extensively practised ; in the one a thick non- 
adherent deposit, generally of copper, is required, as in reproducing metallic fac-simUes of wood 
engravings, or electrotypes as they are termed, small statues, and the like ; whilst in the other a 
thin adherent deposit is sought, either for the protection or ornament of the article to which it is 
applied. In practising electro-metallurgical processes, the principles of both chemical and electrical 
action are largely intermingled and brought into play, and therefore some little knowledge of these 
principles is essential for their intelligent conduct. The varying powers of conducting and 
insulation which various bodies possess has been repeatedly made a matter of investigation. Con- 
ductors are those substances which freely allow of the passage of electricity ; whilst non-conductors, 
or dielectrics as they are often called, resist its passage. The best conductors are the metals, 
graphite, water, alcohol, dilute acids, oils, metallic oxides, and some few others ; whilst most of the 
gums, silica in every form, including glass, ebonite, shellac, indiarubber, guttapercha, sulphur, wax, 
wool, hair, dry paper, are dielectrics ; practically the insulating substances usually employed are 
either guttapercha, glass or indiarubber, cotton or silk; thus wires for conducting electricity are 
covered with either of these substances, whilst glass is commonly used for supports which require 
to be insulated, and also for enclosing the wires on which many articles are suspended in solution. 

Taking silver as equal to 100, Matthiessen has stated that the relative conducting powers of pure 
metals are 


Silver 
Copper .. 
Gold 
Zinc 

Cadmium 

Palladium 

Platinum 

Cobalt 

Iron 

Nickel .. 


100-0 

99-9 

77-9 

29-0 

23-7 

18-4 

18-0 

17-2 

16-8 

13-1 


Tin .. .. 

Thallium .. 
Lead .. 
Arsenic 
Antimony .. 
Mercury . . 
Bismuth . . 
Graphite . . 
Gas coke . . 
Bunsen’s coke 


12-4 

9-2 

8-3 

4-8 

4-6 

1-6 

1-2 

■069 

•038 

•025 


The slightest admixture of alloy will materially influence the condueting effect of a metal ; 
whUat many foreign substances which enter into the composition of metals, if not eliminated, so 
far interfere with their conductivity as to exclude their use for electrical purposes. Of the above, 
copper is the metal most commonly used for conducting: it is very flexible, easily obtained, and, 
whilst not being readily oxidized, can be procured with sufficient pureness to render it available 
for most purposes. Iron wire is rarely used for electro-metallurgical purposes, in consequence of its 
high resistance. 

Batteries are only employed in small work, as operations of magnitude are usually conducted 
with the aid of magneto-electro machines. The batteries most in favour are Wollaston’s, Smee’s, 
Daniell’s, Bunsen’s, and Grove’s. Battery selection and management are matters involving consider- 
able experience ; it may, however, be accepted, that Wollaston’s is the most suitable one in cases 
where the resistance is not great, andfvhere a large quantity of electricity and long-continued 
action, as in depositing copper and silver, are required ; its action after commencement is uniform, 
and large plates with considerable bulks of exciting liquid may be used. Smee’s is available for similar 
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work on a smaller scale, as when of large size it is expensive. Daniell’s is best whenrthe resistance 
is great and a very uniform current is necessary. Grove’s and Bunsen’s are prefeAble where the 
resistance is still greater, and occasional currents of considerable electro-motive force, but not of 
long continuance, are necessary, as in gilding, nickel plating, and in brassing or coppering in cyanide 
solutions on iron. 

Magneto-electric machines, such as those of Gramme, Wilde, Siemens and Alteneck, Weston, 
Elmore, and others, are extensively used in large establishments, since it has been conclusively 
proved that the magneto-electric machine possesses innumerable advantages over the battery 
for plating purposes. 

The first cost of the magneto-electric machine is certainly greater than that of a battery neces- 
sary to produce the same amount of power ; but the working expense is considerably less, being 
limited to a trifling motive power ; it appears destined to supersede every other apparatus in the 
deposition of metals of low equivalent proportions, as the expense of the battery in such precipita- 
tions renders the process an expensive one. Hence the expense of depositing, compared with the 
value of the metal deposited, is very great ; in the magnetic machine, on the contrary, the expense 
of depositing is limited to the power required to produce the rotation of the armatures. 

The uniformity of the current developed in the magneto-electric machine is not the least of its 
many advantages. In the best constant battery, the quantity varies during the course of several 
hours ; and even good operators find it necessary to give close attention to the state of the instru- 
ment and the progress of the deposition. With the magneto machine, the deposition goes on with 
extreme regularity, and, when once adjusted, may be left for any length of time without fear of 
derangement. So accurately is the deposition by this machine proportioned to the time of working, 
that, in an establishment in Birmingham where this process is extensively employed, the quantity 
of metal deposited is estimated by the time during which the machine works ; repeated weighings 
having demonstrated that the relation between the time of working and quantity of deposited metal 
is sufficiently accurate. 

Another generator of electricity, which has been practically employed in plating, is the thermo- 
electric pile, which consists of a number of couples of different kinds of metal, which are caused to 
generate electricity by their action upon each other, through the instrumentality of heat ; the two 
best known of these are Noes’ and Clamond’s. It is said that Clamond’s thermo- electric pile, con- 
suming 150 litres of gas an hour, is capable of depositing a kilogram of copper at a cost of about 2s- 

Every article upon which an adherent electro-metallic deposit is required must be chemically 
clean, and is therefore submitted to processes, differing according to its character, which have for 
their object removal from the surface of every trace of oxide, grease, dirt, or other foreign sub- 
stances. Without this preparation the coating will not adhere firmly to the receiving surface; it is 
usual also with articles other than those of copper to smooth, as well as cleanse the surface, by 
the aid of mechanical appliances. For the latter purpose the usual means of abrasion — files, emery 
wheels and blocks, polishing powders, and scratch-brushes — are utilized. The latter, consisting 
of bundles of thin wire, applied either by hand or arranged on a spindle to be rotated, are 
universally used, and scratch-brushing is resorted to at all stages of deposition : a little stale beer 
is commonly allowed to fall on the goods whilst being scratch-brushed. Where chemical methods 
for cleaning can be employed, they are to be preferred, as they give very perfect results, but unfor- 
tunately they can seldom be utilized except with copper and its various alloys; in most cases 
chemicals may be employed to commence the cleaning, which must nearly always be completed 
mechanically. Copper and its alloys, brass, German silver, and the like, are usually “ dipped,” 
that is, passed through a series of chemical baths. The first are to remove all greasy substances 
from the surface of the metal, as these are invariably to be found there, being acquired either 
during the process of manufacture, or from contact with the hands. Those objects having no 
soldered joints, and whose size and construction do not render them liable to injury by heat, are 
submitted to a temperature producing red heat, whilst more delicate articles, and also those in 
which it is necessary to retain both rigidity and sonorousness, are immersed in an alkaline solution, 
composed of caustic potash ; for this u lb. of caustic lime, and 1 lb. of pearlash, may be allowed to 
each gallon of water, the lime being first made into a cream by stirring with sufficient of the 
water, and then added to the pearlash, which has been previously dissolved and boiled. 

The mixture is kept at boiling point until it is clear, and does not effervesce under the action 
of dilute hydrochloric acid, when it is ready for use ; but as it is liable to be effected by the carbonic 
acid contained in the air, it should be kept covered when not in use ; to keep it in condition, a little 
cream of lime may be added at intervals. These mixtmfes are usually made in iron boilers. Some- 
times exceedingly strong solutions are required, which must then be made with stick caustic potash. 

Articles joined with solder in which tin is an ingredient must not remain any length of time in 
this liquor, or the solder will be dissolved and the copper^blackened ; nearly every metallic article 
is dipped in this solution, and afterwards thoroughly rinsed or swilled in water, and pewter, lead, 
tiu, and Britannia metal can be transferred without further preparation to the depositing bath. 
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Cast iron riby be cleansed by immersing in a dilate solution of sulphuric acid and water, the 
time of immerSon entirely depending upon the proportion of acid used ; thus in water con- 
taining partW acid it may remain several hours, the metal being afterwards rinsed, scoured, 
again plunged mto the pickle, and rinsed before submitted to deposition. Spots containing 
silica frequently occur upon the surface of cast-iron articles, and this can be removed with hydro- 
fluoric acid, sufBcient care being exercised in its use to avoid the injurious fumiSl and contact with 
metals for which it is a solvent 

Wrought iron with an untouched surface may be treated in the same way as cast iron, but will 
bear a stronger pickle and longer immersion. Steel and polished iron are first scoured, boiled in 
the potash solution, and then passed through a bath composed of one gallon of water, a pint of 
sulphuric acid, with a few ormcea of either nitric or hydrochloric acid or a mixture of both ; if nitric 
acid is used, the sulphuric acid may previously have a few ounces of zinc dissolved in it, with 
advantage. Articles of iron or steel thus cleansed may be kept for some time in proper condition 
for work by immersing them in liquor rendered alkaline by caustic lime, potash, or other alkali. 

Silver is heated and plunged into a boiling pickle of water and dilute sulphuric acid, then 
rinsed in clean water, the operations being repeated as many times as they are needed ; nitric instead 
of sulphuric acid may be used for the pickle, and if strong the articles may be dipped cold ; in this 
case the water must be distilled, free from chlorine or hydrochloric acid, otherwise the goods will 
be covered with a bluish-white film of chloride of silver. Tliia latter method is not applicable to 
articles having parts of either iron or zinc, in such cases the plan is to dip in alkali and polish 
afterwards with powders or scratch-brush; cleansed silver may be placed in the deposit bath 
directly, but it is usual before doing so to scratch-brush it. 

Copper, German silver, and brass, the three metals of which the bodies of most objects to be 
electto-plated are made, are cleansed in a series of liquids ; if they are very dirty they are boiled in 
alkali, rinsed, and then dipped in the acids. They frequently receive a preliminary cleansing 
by being heated and then dipped in dilute sulphuric acid and water, but this will not serve of 
course for articles which are united by solder. Articles which have been cleansed by alkali must 
be washed in clean water before being put into the dipping bath or pickle ; in fact it is advisable to 
thoroughly and rapidly rinse in fresh water all articles before and after any cleansing operations. 
The various dippings which complete the cleansing of these articles follow each other in rapid succes- 
sion, and to effect this the pans or troughs are arranged in rotation. The first dip may be composed 
of old aquafortis, that is nitric acid or dipping liquid which has been already weakened by preceding 
dippings : the goods may then be tun through dipping liquid composed of 4 parts sulphuric acid, 

4 parts water, 2 parts nitric acid, and part hydrochloric acid. Articles that have been first 
cleansed by heating may be soaked in old aquafortis until, after rinsing, they have a uniform 
metallic lustre ; they may then be dipped in strong aquafortis for a few moments and rapidly rinsed. 
The volume of acid should be at least 30 times that of the article to be cleaned in order to prevent 
too great an elevation of temperature and as rapidly weaken that of the acid. It should be here 
remarked that care must be taken in the choice of nitric acid, since only the straw coloured cleans 
well ; the white acid is not strong enough, whilst the red acts too powerfully and pits copper. 

The acid will be spent when its action on copper goods becomes too slow ; it is then employed for 
the first operation, dipping in old aquafortis, or for whitening baths. Extreme temperatures have 
considerable effect upon aquafortis, which cleans imperfectly when either very hot or extremely cold. 
To impart a bright lustre, which is particularly required in metal employed for gilding, the goods 
may be dipped in weak aquafortis until a black coating is formed, then in old aquafortis or strong 
pickle as it is called, and afterwards into strong aquafortis, afterwards again and again alternately 
into strong aquafortis and water. Amongst the many mixtures for obtaining a bright lustre, a 
very good one is composed of old aquafortis nearly spent 1 part, hydrochloric acid 6 parts, 
water 2 parts ; the articles are immersed a few minutes, rinsed to remove the black coating which 
covers them, cleaned, and dipped again ; this bath will be found useful for gilding metal and also 
for copper castings. If it is desired to obtain a dead lustre, the articles are, after dipping in 
aquafortis and rinsing, plunged into a cold bath containing 1 part sulphuric acid to 2 parts of 
nitric acid and a little salt ; to this the French operators add a little sulphate of zinc. The immer- 
sion in this bath will be at the discretion of the operator, the time usually occupied being from 

5 to 20 minutes : from this bath, after a long rinsing, the piece should be rapidly passed through the 

bath for producing a bright lustre and again immediately rinsed ; this latter operation is to prevent 
an earthy dullness which is otherwise produced if the dead lustre bath alone is employed. It may 
be here observed that old aquafortis may be considerably revived by the addition of strong 
sulphuric acid and common salt. • 

The tanks or vats employed to hold the plating solutions are generally -made of heavy wood, 
such as oak lined with either lead, asphalt, guttapercha, or Portland cement ; the lining is 
necessary, since it has been observed th Jt the wood unprotected absorbs considerable quantities of 
the solution ; guttapercha lined vats will do very well for sulphate of copper solutions, but this 
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lini ng will not do for cyanides, as these attack the percha vigorously. Tanks of iron or slate, 
enamelled, are coming into very general use, especially for gilding solutions, fTien of course 
they are of comparatively small size ; the iron tanks are particularly useful for gilding, since they 
admit of heat being applied from below, which is absolutely necessary to the ^'operation. The 
pickling and dipping liquids are often kept in vats of similar construction, but enamelled stone- 
ware pans, well n!fce, serve every pmrpose, and indeed may be used for the solutions themselves 
with advantage. 

After dipping and rinsing, the various pieces are fixed to a brass wire, or hooked upon brass or 
copper hooks. Small articles of jewellery are suspended to a stout copper wire. These hooks are 
better if made of pure copper than of brass, and it is still better to use glass hooks, which are 
cheap and are not corroded by the acids. Such hooks or supports can be made by bending glass 
rods by the heat of a charcoal fire, or of a gas burner, to the desired shape. Those objects which 
cannot be suspended or attached to hooks, are put into perforated ladles of porcelain or stoneware. 
It is less economical, but sometimes absolutely necessary, to use baskets of brass or copper wire 
cloth. Those who frequently have to cleanse very small articles will find it advantageous to 
employ a basket of platinum wire cloth, which, although expensive in the first cost, will be found 
cheaper in the end, as it is almost indestructible. 

■y^en it is desired to prevent deposition upon certain parts of goods to be plated, these parts 
must be “ stopped off” by being coated with any ordinary varnish ; if /or a hot solution, copal 
is the best for the purpose. 

Quicking or coating with a film of mercury is often necessary to secure an adherent deposit ; 
for surfaces of copper and its alloys solutions of nitrate or cyanide of mercury are applied ; and for 
general use almost any mercurial salt dissolved in cyanide of potassium will be found effectual. 

The substances used for taking moulds from objects to be copied by electrotype are beeswax, 
stearine, plaster of Paris, fusible metal, and guttapercha ; indeed, any substance that will receive 
and retain an impression, and is not liable to be affected by the solution from which the metal is 
to be deposited, wUl serve the purpose. The articles to be copied are generally composed either of 
plaster of Paris or metal. Suppose, in the first place, the article to be copied is of metal, and a 
mould is to be taken from it in wax or stearine. The latter is not found to answer well alone ; 
when used it should be mixed with wax, about half and half. 

Whether the beeswax have stearine in it or not, it is better to prepare it in the foUowing 
manner : — Put common virgin wax into an earthenware pot over a slow fire ; and when melted, stir 
in a little whitening ; this mixture tends to prevent the mould from cracking in the cooling, and 
from floating in the solution ; the mixture should be remelted two or three times before using it for 
the first time. 

The article to be copied should be brushed over with a little sweet oil ; after which the super- 
fluous oil should be wiped off with a piece of cotton. If the article has a bright polished surface, 
very little oil is required ; but if the surface be matted or dead, it requires more care with the oil. 
A slip of cardboard or tin is now bound round the edge, and should rise about one-fourth of an 
inch higher than the highest part on the face ; this done, hold the article with its rim a little 
sloping, then pour the wax in the lowest portion, and gently bring it level, so that the melted wax 
may gradually flow over ; this will prevent the formation of air bubbles Care must be taken not 
to pour the wax on too hot, as that is one great cause of failure in getting good moulds ; it should 
be poured on just as it is beginning to set in the dish. As soon as the composition poured on the 
metal is set, undo the rim ; for if it was allowed to remain on till the wax became perfectly cool, 
the wax would adhere to it, and being thus prevented from shrinking, which it always does 
a little, would be liable to crack ; remove to a cool place, and in about an hour the two will separate 
easily. When they adhere, the cause is either that too little oil has been used, or that the wax was 
poured on too hot. 

Eosin has been recommended as a mixture with Wax, mixtures of which, in various proportions, 
have been used with success ; but when often used, decomposition or some change takes place, which 
makes the mixture granular and flexible, rendering it less useful for taking moulds. 

If a plaster of Paris mould is to be taken from metal, the preparation is the same as described 
above ; and when so prepared with the rim of cardboard or tin, get a basin with as much water 
in it as will be sufScient to make a proper sized mould, then take the finest plaster of Paris and 
sprinkle it into the water, stirring it till the mixture becomes of the consistence of thick cream; 
then pour a small portion upon the face of the article, and with a brush similar to that used for 
oiling it, gently brush the plaster into every part of the surface, which will prevent the formation 
of air bubbles ; then pour on the remainder of the plastdr till it rises to the edge of the rim : if the 
plaster is good, it will be ready for taking off in an hour. The mould is then to be placed before a 
fire, or in an oven, until quite dry, after which it is to be placed, back downwards, in a shallow 
vessel containing melted wax, or paraffin, not of sufficient <5epth to flow over the face of the mould, 
allowing the whole to remain over a slow fire, or upon a hot plate, until the wax or paraffin has 
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penetrated th^laster, and appears upon the face. Having removed it to a cool place to harden, 
it will soon he^eady for electrotyping. If the mould is large and the plaster thick, the wax may 
be put upon tht^urfaoe, and only as much as will penetrate a small way into the plaster. In both 
these instances me wax used is generally lost, and there is always a liability of the copper solution 
passing through, and causing what is termed surface deposit, making the face rough. 

Moulds in fusible alloy are made from mixtures of two or more metals which melt at very low 
temperatures ; they suit the purpose of taking moulds of small objects very well. The following 
are examples of such compositions . — 

Tin, Lead, Bismuth 

1 1 2 

3 2 5 

12 3 

3 5 8 

These all melt at a temperature below that of boiling water ; the ingredients are melted together 
in an iron ladle, poured out upon a flat atone, broken up, and remelted together in the same way 
two or three times, in order that they may be thoroughly mixed. The object from which the mould 
is to be taken is prepared in the same manner as wax. 

The means of taking moulds with fusible metal are the following : — The fusible alloy is melted 
and poured into a saucer, or, what does better, a small wooden tray ; the operator now watches it till 
it cools down into a semifluid state, or to the point of setting, when he brings the article suddenly 
upon it, face downwards, and holds it there until the alloy has fairly set ; the object being moulded 
may be kept at a temperature that will keep the alloy melted, either by.placing them into a water- 
bath or oven ; after being kept in the melted state over the model for a few minutes they are 
removed and allowed to cool, when the mould and model are easily separated. Some of the finest 
moulds are taken by this process ; but from the constant loss of the materials by oxidation the use 
of such alloys is limited. 

Guttapercha, as a material for moulding, serves the purpose most admirably. Moulds of this 
substance are eqiial, if not superior, to any taken in wax, and of a depth of cutting which it would 
have been very difficult to have taken in wax. The method adopted for taking moulds is to heat 
the guttaperolia in boiling water, or in a chamber heated to the temperature of boiling water, 
which makes it soft and pliable. A quantity of guttapercha is pressed into the saucer, and as 
much added as will cause it to stand above the edge of the rim surrounding the object ; it is now 
placed in a common copying press, and kept under pressure until it is quite cold and hard. The 
impressions taken in this way are generally very fine ; when the object is not deep cut, a less 
pressure may sufiice, but when the pressure is too little the impression will be blunt. 

Stereotypes and engraved plates of large size and fine patterns are copied in this way by the 
electrotype process. Guttapercha may be softened by mixing with it a small quantity of oil, tallow, 
or wax. Guttapercha takes a coating of black-lead readily, and the deposit goes over it easily. 

A mixture of guttapercha and marine glue has been recommended for moulds as superior to 
guttapercha alone. 

With one method of taking impressions of fern leaves and seaweeds, a piece of gutta-percha, 
free from blemish, and the size of the plate required is placed in boiling water. When thoroughly 
softened, it is dusted over with the finest bronze powder to dry the surface, to render the surface 
more smooth, and to prevent adhesion. The plant is then laid out upon the bronze surface, and 
covered with a polished metal plate, either of copper or of German silver. The whole is then to be 
subjected to an amount of pressure sufficient to imbed the upper plate in the guttapercha. When 
cold, the metal plate may be removed and the fern gently withdrawn from its bed. A beautiful 
impression of the fern will remain. 

This process is well adapted for flat leaves, but the pressure required renders it unsuitable for 
many kinds of leaves, indeed it destroys the natural forms of the greater number both of leaves 
and seaweeds. The products of the process cannot, indeed, be compared with those electrotypes 
the moulds of which are taken by wax. The great merit of the process is its ease and simplicity. 
The method given for taking the mould of the leaf is suitable for any kind of flat mould iu gutta- 
percha. The mould of a leaf may be taken in plaster, by placing the leaf upon dry sand, and 
pressing the sand under and on each side to fill up the spaces under the leaf, so as to bear the 
pressure of the plaster, putting a collar of paper round the sand to prevent its yielding, and then 
pouring plaster over the whole. 

In another method of making moulds^of leaves and other vegetable objects, the leaf is care- 
fully dried, and laid upon a smooth piece of milled lead, which is placed between two steel plates, 
and passed between rollers ; these press the leaf into the lead, and produce a complete mould. 
Copies from this may be taken with guftapercha or electrotype. Koseleur describes the copying 
of nettle and other leaves so perfect that all the hairs on their surface were to be seen. “ One of 
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the sides of a fresh leaf was coTered by means of a brush with a thin paste of plast» of Paris, and 
after the drying of the first coat, other layers were applied, imtil a resisting jfrock had been 
obtained with the leaf uppermost. The free side was then covered with several coys, always with a 
brush or pencil, of guttapercha dissolved in bisulphide of carbon, and lastly with mefred guttapercha* 
The mould was removed from the leaf, metallized, and immersed in the galvano-plastic bath.” 

To cast reptiles, imbed the subject in a mould made of four parts of plaster of Paris, one of 
nnbumt lime powder, and one of Flanders brick-dust. Pry the mould carefully in an oven, then 
make it red hot, and burn the subject out of it, taking care to free the mould from the ashes. 
Before putting this mould into the oven to dry, insert two or more iron or smooth wooden pins, one 
touching the object inside, the other projecting outside. Wlien the mould is dried, and before 
burning, these are carefully removed, to allow escape of gas and to remove the ashes ; by a proper 
arrangement of these holes the carbon of the article may be consumed, when the remaining ash is 
easily removed. Fusible metal may he cast in this mould, or a wax model may be taken of the 
object, pouring the wax in just before setting. The whole is now placed in water, the lime causes 
the mould to dissolve or break up, and the figure modelled within it may be taken and covered with 
copper, and the wax afterwards melted out. Flowers, insects, lizards, and other little animals may 
be typed in this way. lu all these processes perseverance and care are the best cure for little 
difficulties. 

When a plaster mould is to be taken, the face of the model is prepared differently to that 
described, in order to prevent the adhesion of the two plasters. The best substance for this 
purpose is a mixture of half a pound of soft-soap put into three pints of clean water, which is 
set on a clear fire, and the solution kept in agitation by stirring ; when the mixture begins to boil, 
add from one ounce to an ounce and a half of tallow, and keep boiling till it is reduced in bulk to 
about two pints, when it is ready for use. The surface of the model must be washed over with this 
lacquer, allowing it to absorb as much as it can, when it assumes the appearance of polished marble : 
it is now prepared with a rim of paper, and the mould taken as directed for taking plaster moulds 
from metallic articles. When hardened, they will separate easily. Wetting the plaster model with 
a solution of soap before taking the cast will do, or, if the plaster model has been saturated with 
oU or milk, it has only to be moistened with sweet oil, the same as a metal model. ' 

If a mould of fusible metal be required from a plaster model, the plaster may be saturated either 
with boiled oil or the soap and tallow lacquer, and the mould taken in the same manner as from a 
metallic medal. 

Many electro-metallurgists prefer taking a mould in copper when the medal is of plaster of 
Paris. This is done by the electrotype process, the plaster model is saturated with wax over a 
slow fire, as already detailed, and then prepared for taking an electrotype in the usual manner. 
We need hardly mention that in this case the model is destroyed ; but, notwithstanding, in the case 
of plaster models, to take a copper mould is the most preferable way, as it may be repaired in case 
of slight defect, and it may be used over and over again without deterioration. 

When an electrotype is required of a model that is undercut, or of a bust or figure, the process 
which we have described will not answer, as the mould cannot separate from the model. In such 
circumstances, the general method of proceeding is to cast the mould in separate pieces, and then 
join these together. The material used for this purpose is plaster of Paris ; the operation, however, 
to be done well, requires considerable experience. If the undercutting is not very great, a gutta- 
percha mould can be taken by the process described ; but before removing the mould subject 
it to a heat of boiling water to soften the percha, which by careful manipulation may be removed 
without damage to either mould or model. 

Parkes’ process for taking a mould of any kind of model in one piece is excellently adapted for 
the electrotypist. The material is composed of glue and treacle. 12 lb. of glue is steeped for 
several houis in as much water as will moisten it thoroughly. This is put into a metallic vessel, 
which is placed in boiling- water, as a hot bath. When the glue falls into a fiuid state, 3 lb. of 
treacle are added, and the whole is well mixed by stirring. Suppose now that the mould of a small 
bust is wanted, a cylindrical vessel is chosen, so deep that the bust may stand in it an inch or so 
under the edge. The inside of this vessel is oiled, a piece of stout paper is pasted on the bottom 
of the bust, to prevent the fluid mixture from going inside ; and if it is composed of plaster, sand 
is put inside to prevent it from swimming. It is next completely drenched in oil, and placed 
upright in the vessel ; this done, the melted mixture of glue and treacle is poured in till the bust 
is covered to the depth of an inch. The whole must stand for at least twenty-fonr hours, till it is 
perfectly cool throughout ; after which it is taken out by inverting the vessel upon a table, when, of 
course, the bottom of the bust is presented bare. The lAould is now cut by means of a sharp knife, 
from the bottom up the back of the bust to the front of the head. It is next held open by the 
operator, when an assistant lifts out the bust, and the mould is allowed to reclose ; a piece of 
brown paper is tied round it to keep it firm. The operato(‘ has now a complete mould of the bust 
in one piece ; but he cannot treat it like wax moulds, as its substance is soluble in water, and 
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would be destwed if put into the solution. A mixture of wax and rosin, with occasionally a little 
suet, is melted, 3 iid allowed to stand till it is on the point of setting, when it is poured carefully 
into the mould, sjid left to cool. The mould is then untied and opened up as before ; the wax bust 
is taken out, and the mould may be tied up for other casts. Besides wax and rosin, there are several 
other mixtures used, deer*s fat is preferable to common suet and stearine. The object is to get a mix- 
ture that takes a good cast, and becomes solid at a heat less than that which would melt the mould. 

If the model or figure be composed of plaster of Paris, a mould is often taken in copper by 
deposition; the figure is saturated with wax, as before described, and copper deposited upon 
it sufficiently thick to bear handling without damage when taken from the model. The figure with 
the copper deposit is carefully sawn in two, and then boiled in water, by which the plaster is 
softened and easily separated from the copper which now serves as the motdd in which the deposit 
is to be made. When the deposit is made sufficiently thick, the copper mould is peeled off, and the 
two halves of the figure soldered together. The copper moulds, which are deposited upon the wax 
models taken in the elastic moulding, are often treated in the same manner ; but more generally 
these moulds are used for depositing silver or gold into them, to obtain fac-similes of the object in 
these metals, in which case the copper moulds are dissolved off by acids. 

When plaster busts or figures are wanted in copper, the most usual way is to prepare the figure 
with wax, as described, and to coat it over with a thin deposit of copper, letting the copper remain. 
Some operators, when it can be done, remove the plaster, and wash over the inside with an alloy of 
tin and lead melted. In this case, the copper must previously be cleaned by washing first in a solu- 
tion of potash, and then with chloride of zinc ; the latter mode will cause the alloy to adhere to the 
copper, and give it strength. In either of these cases, the deposit must not be very thick, or it will 
throw the figures out of proportion, such as the features of a bust. Any slight roughness of deposit 
may be easily smoothed down by means of flue emery. 

Were any of the plaster or wax moulds attached to the zinc, and immersed in the copper solu- 
tion, no deposit would be obtained, because neither the plaster nor the wax is a conductor of elec- 
tricity. Some substance must now be applied to the surface, in order to give it conducting power. 
There are several ways of communicating this property, to be afterwards described ; but the best 
and most simple for the articles under consideration is to apply common black-lead in the follow, 
ing manner A copper wire is put round the edge of the model, or if wax moulds are used, a thin 
slip of copper may be inserted into the edge of the mould, or, being slightly heated and laid upon 
the back, the two will adhere. A fine brush is now taken and dipped into fine black-lead, and 
brushed over the surface of the model ; the brushing is to be continued until all the face round to 
the wire upon the edge, or slip of copper forming connection, has a complete metallic lustre ; a 
bright polish is necessary to the obtaining a quick and good deposit. 

In brushing on the black-lead, care should be taken not to allow any to go upon tbe back or 
beyond the copper connection, or the deposit will follow it, and so cause a loss of copper, and make 
the mould more difficult to separate from the deposit. 

When the face of the mould is properly black-leaded, the copper wire connected with it is 
attached to the zinc plate in the porous cell, and the mould immersed in the copper solution ; the 
deposit will soon spread over every part, covering the black-lead polish with less or more facility, 
according to the state of the solution and other circumstances. When the deposit is considered 
sufficiently thick for removing, which, in ordinary circumstances, will require from 2-3 days, the 
mould is taken out of the solution, and washed in cold water, and the connection is taken off. If 
the deposit has not gone far over the edge of the mould, the two may be separated by a gentle pull ; 
if otherwise, the superfluous deposit must be eased off, arid if care be taken, the wax may be fit 
to use over again ; but when the mould is plaster of Paris, however well it may be saturated with 
wax or tallow, which is done by brushing it over with either substance in a melted state, the mould 
being cold it will not absorb the wax or tallow, hence it may be recovered again. The sulphate of 
copper possesses so penetrating a quality, that if the slightest imperfection occurs in the satu- 
ration of the mould by wax, or if imperfectly protected, the solution will penetrate through it, and 
the copper will be deposited upon the face of the object, adhering to the plaster, giving to the medal 
a rough, matted appearance, and seriously injuring it. 

A mould in fusible alloy does not require to be black-leaded, but the back and edge must be 
protected by a coating of wax or other non-conducting material ; it may be connected by putting 
a wire round its edge previous to laying on the non-conducting substance, such as tallow or wax, 
which should also cover the wire. Or a slip of copper or wire may be laid upon the back and 
fastened by a drop or two of sealing-wax,- the back is then coated, but care must be taken that 
the wax does not get between the connection and the mould, which will prevent deposit. The 
deposit on this mould goes on instantaneously. When sufficiently thick, it may be taken off in the 
same manner as from the wax mould, tfie surface having been prepared by turpentine to prevent 
adherence. These moulds may be used several times, if care be taken not to heat them to the 
melting point. 
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The electrotypes obtained from metallic moulds prepared with the tnrpentine/jolution have a 
bright surface, which is not liable to change easily ; but if the mould has been ^pared with oil 
or composed of wax or plaster, the metal will either he dark, or wUl very easily fcpnish. 

In putting moulds into the copper solution, the operator is often annoyed by small globules of 
air adhering to the surface, which either prevent the deposit taking place upon these parts, or, when 
they are very minute, permit the deposit to grow over them, causing numerous small hollows. 
To obviate this, give the mould, when newly put into the solution, two or three shakes, or give the 
wire attached to it, while the mould is in the solution, a smart tap; but the most certain means is 
to moisten the surface with alcohol just previous to putting it into the copper solution. 

When busts or figures, whether of wax or plaster of Paris, are to be coated with copper, with no 
other conducting surface than black-lead, it is attended with considerable difiSculty to the inexperi- 
enced electrotypist. The deposit grows over all the prominent parts, leaving hollow plac^ such 
as armpits, neck, and the like, without any deposit ; and when once missed, it requires considerable 
management to get these parts coated, as the coated parts give a snfScient passage for the current 
of electricity. It is recommended by some electrotypists to take out the bust, and coat the parts 
deposited on with wax, to prevent any further deposit on them ; but this practice is not good, 
especially with plaster of Paris, for an electrotype ouglit never to be taken out till finished. 
Sometimes the resistance of the hollow parts is occasioned by the solution becoming exhausted 
of metal, from its position in regard to the positive pole. In this case a change of position 
effects a remedy. It may be remarked, that when a bust or any large surface having hollow parts 
upon it, is to be electrotyped, as many copper connections as possible ought to be made between 
these parts and the zinc of the battery. Let the connections with the hollow parts be made vrith 
the finest wire which can be had, and let the zinc plate in the cell have a large surface compared to 
the surface of the figure, and the battery be of considerable intensity ; if attention is paid to these 
conditions, the most intricate figures and busts may be covered over in a few hours. Care has to 
be observed in t akin g off the cormections from the deposit, or the operator may tear off a portion of 
the deposit ; if the wires used are fine, they should be cut off close to the deposit surface. 

Copper deposits are obtained either by simple dipping or galvanic methods. Copper deposits 
by dipping are seldom practised except upon iron, and are generally wanting in lasting qualities, 
since, &om the thinness of the deposit, the iron is not protected against atmospheric influences. If 
the iron is steeped in a solution of sulphate of copper, 3§ oz. ; sulphuric acid, 3^ oz. ; water, 1 to 
2 gal., for a short tune, it becomes covered with a coating of pure copper, having a certain adhesion ; 
but should it remain there for a few minutes, the deposit of copper is thicker and muddy, and 
does not stand any rubbing. For coating large objects a solution, 1 part sulphate of copper, 

parts soda lime, 7§ parts sodio-potassic tartrate, and 25 parts by weight of water has been found 
effective, but they n quire several hours^ immersion. In this case, compress it by means of rollers 
or a draw plate, in order to impart a certain cohesion to the particles of copper. Small articles, 
such as hOTks, pins, or nails, are coppered by jerking them about for a certain time in sand, bran, or 
saw-dust, impregnated with the above solution, diluted with three or four times its volume of water. 

Battery electro deposits of copper are obtained by decomposing a double salt of copper 
with another base, such as the double cyanide of potassium and copper. This process is equally 
well adapted to all metals, and the deposits are fine, lasting, and their thickness is entirely regu- 
lat^ by the will of the operator. Dissolve about 16 oz. of sulphate of copper in 2 gal. of water, 
and add a solution of carbonate of soda nntU no more precipitate is formed ; collect the green preci- 
pitate, carbonate of copper, thus obtained upon a cloth filter ; stir the washed carbonate of copper in 
water, to which cyanide of potassium is added until the carbonate is entirely dissolved, and the solution 
IS colourless ; a small excess of cyanide will increase the conducting power of the liquor. This bath 
may be employed hot or cold and requires an intense electric current for its decomposition ; a copper 
plate or foil forms the anode, which must be removed when the bath does not work. This bath is 
much used, but the foUowing formula is preferable. Water 2 gal. ; acetate of copper, crystallized ; 
carbonate of soda, crystals ; bisulphate of soda ; cyanide of potassium, pure, 7 oz. of each ; the 
acetate of copper is put in first and mftistened with sufficient water to make a homogeneous paste, 
then add the carbonate of soda and some water; after stirring, a light green precipitate is formed. 
Three pints more water are then added with the bisulphate of soda, and the mixture becomes a 
dirty yellow colour. Lastly add the remainder of the water and the cyanide of potassium. The 
electro copper bath must be colourle-ss. 


Large pieces of silverware may be coppered in these baths. Very small articles are threaded 
upon a zinc or iron wire, or placed in a perforated ladle with granules or cuttings of either 
ot these metals. Place the whole for a few minutes' in a diluted but very acid solution of 
^phate of copper, the anc or the iron is dissolved, and the copper is deposited upon the sUver. 
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To electrot}^ printing type, the snrfaoe is first cleaned by means of turpentine, dried either in 
the air or with %ard wood sawdust, and dusted with fine plumbago. A shallow dish of pewter, 
termed a chase, made about | of an in. deep, and of the requisite size for the work, and provided 
with ears for hooUfe to be attached, is filled with a mixture of beeswax and fine plumbago which has 
been previously mixed hot ; it is allowed to cool until the wax has become nearly set, when the type 
is inverted on to its surface, and both chase and type are then placed in a press and squeezed gently, 
the type is lifted off to see if any wax will adhere, it is then dusted with plumbago, replaced in 
exactly the same position, and squeezed lightly. The squeeze, as the wax mould is then termed, is 
dusted with plumbago and polished with a soft brush. In large works machines are employed for 
this purpose, consisting of a closed case containing the plumbago, into which the squeeze is intro- 
duced, and where it is dusted by a series of brushes arranged to move irregularly to and fro by means 
of eccentrics ; the chase is then hooked and hung in the deposit trough in the usual copper solution, 
a few inches from the anode. When the deposit is sufiiciently thick, which will occur in from 8-12 
hours, the chase is removed, washed, and heated, the electrotype removed, placed on a tray, 
brushed over with soldering fiuid, and sprinkled with solder, which is rubbed over the interior with 
a rag ; the electro is then filled to a requisite depth with fluid stereo metal, planed to gauge, and 
mounted type-high on a block of wood. 

An older method is to employ guttapercha instead of wax. 

Silvering may be practised by simple immersion with very good results, if care is taken to use 
the ingredients in correct proportions, and if the same care is exercised with respect to the purity 
of the ingredients and the previous cleansing of the articles to receive the deposit, which is observed 
in operations where the battery is employed. The simplest silvering solution is made by mixing 
into a thin paste 3 parts of soda, 1‘25 common salt, aud 1 part chloride of silver, with sufficient 
warm water ; another mixture may be made with the chloride of silver and salt alone ; in either 
case the paste is applied with a rubber upon the surface until it is properly coated, when it should 
be washed, dried, and varnished in the usual way. Another solution, which may be either used in 
paste or as a bath, consists of 1 part each of cream of tartar and common salt, and part chloride of 
silver dissolved in boiling water in a common kettle, with the addition of a little alum ; the articles 
are stirred up in this composition, aud as each fresh batch is operated upon, a quantity of paste is 
added in proportion to the surface to be whitened. This bath improves greatly by use, but should 
if not produce the desired result, the following solution, used boiling, will be found quite effectual. 
It is composed of IJ oz. nitrate of silver, 9 oz. cyanide of potassium, and 1§ gal. of water. The 
foregoing are practically applicable to articles of jewellery, such as earrings, bracelets, chains, 
buckles, studs, and the like, whilst with a little experience and attention much larger articles may 
be treated with success. Eoseleur recommends a bath made by dissolving in an enamelled cast-iron 
kettle, ni oz. of cyanide of potassium in 2 gal. of water ; in a separate vessel 5| oz. of fused 
nitrate of silver is dissolved in 2 pints of water. This second solution is added gradually to the first 
and stirred again and again until the precipitate produced is dissolved ; if necessary the whole may 
be filtered. It is then brought to a boiling point and is ready for use. This bath cannot be renewed, 
and when exhausted should be added to the waste and a new one formed. Another simple immer- 
sion process which produces excellent results is made by dissolving common soda in water, the 
proportions being 1 lb. of the former to a pint of the latter, and pouring a little mercury into 
the bottom of the vessel ; the end of a glass tube is now allowed to dip into the mercury ; either 
sulphurous acid gas or sulphuretted hydrogen is passed through the tube, the mercury merely 
preventing the formation of crystals ; the passage of the gas is continued until the liquid slightly 
reddens blue litmus paper, when the whole is put on one side for a day. The liquid portion is then 
poured off, stirred, and again tested ; if it turns the litmus paper red, soda must be added ; if blue, 
there is too much alkali and more gas most be passed through the liquid. The solution should 
mark from 22° to 26° Bamne, and must not touch iron, zinc, tin, or lead. When required for use, a 
portion of the liquid is taken and to it is added a solution of nitrate of silver in distilled water ; 
a precipitate will be formed, and the silver solution is added so long as this readily disappears, the 
condition of the bath being preserved by additions of either ga^ or soda and silver, when necessary. 
The articles are simply moved about in the bath until the required coating is obtained ; it will give 
an excellent result upon either brass or copper. 

In order to finish silver plated articles a bright vat is employed, which needs a somewhat 
stronger current than that used for the ordinary plating, the operation proceeding somewhat slowly, 
and brightening being observed to proceed from the bottom of the articles upwards, while the 
entire operation should be completed iu about 20 minutes. A bright solution may be prepared by 
adding to each gallon of the usual solution oJsilver in cyanide of potassium 6 oz. of bisulphide of 
carbon, the mixture being put into a stoppered bottle, shaken, and set aside for 21 hours, and then 
adding to every 20 gal. of the ordinary plating solution in the vat 2 oz. of the bright solution, 
and the whole stirred together ; this propartion must be added every day on account of the loss by 
evaporation, but when the mixture has been made several days, less than this may be used at the 
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time. This operation gives a bright deposit, but by adding a larger amount a dea^ surface may be 
obtained very diflferent from the ordinary dead surface. It is as well to remove pe articles from 
the bright vat at once into boiUng water, for unless this is done they are very^ble to blacken 
rapidly. 

The brightening solution should always be added with care, for an excess is apt to spoil the 
bath, and its management is always a matter requiring attention, but it is very serviceable in 
plating a surface which cannot easily be scratch-brushed. Another method of preparing a bright 
solution is to add to the preparation we have detailed above, 4 oz. of liquor ammonia, and 2 oz. of 
ether. 

For a silvering solution which requires no mercury dip or quicking in preparing the work, for 
each gallon of solution dissolve 1 oz. of fine silver in the ordinary way, that is in the liquid of one 
part nitric acid to two parts water, evaporate and crystallize. Then add 3 pints of water until the 
nitrate is dissolved, take 2 oz. of iodide of potassium, dissolve in J pint of water and add this to the 
nitrate solution, when a yellow flocculent precipitate of iodide of silver will be formed, until, on the 
addition of a drop of the solution of iodide of potassium, no precipitate appears. The precipitated 
iodide of silver is repeatedly washed, and then dissolved in strong solution of cyanide of potassium in 
hot water, which is added gradually with stirring ; when nearly all the iodide is dissolved, the vessel 
is allowed to rest for a few hours, the clear solution poured off, and any iodide remaining undissolved 
is again treated with the solution of cyanide, care being taken to avoid an excess of the latter ; water 
is then added to make up about 1 gal., which is set on one side for at least a day, and the clear 
solution poured off. It is advisable that it should not be freely worked until several days after this 
preparation ; the work is passed through the potash, scoured, washed, and immediately placed in 
the depositing bath ; this is suitable for German silver, brass, and copper goods, and although it 
will not afford a dead white deposit, still that given is tenacious, and obtained without the use of 
mercury ; it may be frequently used to advantage to give a preliminary coating to articles, which may 
then be transferred to the ordinary cyanide bath to receive a full deposit. 

Silvered articles may be coloured by various processes ; the simplest and most effectnal is 
that in which the articles are dipped in a saturated solution of borax, and allowed to dry: a 
film of the borax is left on the surface after the evaporation of the water. They are immersed a 
second or third time, until a complete film of borax covers every part of the article ; when large 
articles are experimented on, the solution may be applied by means of a brush. The articles 
thus treated must be exposed to heat, until the borax is perfectly fused ; for this purpose, a heat 
nearly approaching to redness is required. After cooling, they should be immersed in dilute sul- 
phuric acid, by which the borax is removed ; they should be finally dried, by being shaken in 
heated saw-dust, and warmed, in order more effectually to drive off all moisture. This process 
possesses the admirable property of preventing the rapid tarnishing of the plated articles. It was 
observed by those who first practised electro-plating, that the silver reduced from its salts by 
electrical agency tarnished more rapidly than that manufactured in the ordinary way. This was 
ascribed to the purity of the silver, which was supposed to be favourable to its combination with the 
sulphurous and other vapours, by which it became tarnished. By the above process, however, 
the tarnishing of the voltaic silver is prevented ; and it is now scarcely, if at all, more readily 
tarnished than that reduced in the common way. It appears that the discoloration was not pro- 
duced by any external action, but that there remained in the pores of the reduced metal a small 
quantity of undecomposed salt, which suffers slow decomposition, and thus injures the colour of the 
surface. The treatment with borax completely removes this saline matter, and renders the metal 
unalterable from any internal action. 

Solutions for gilding may be either formed by the battery or by chemical means, the best of 
these being that formed with the cyanides of gold and potassium. Various solutions may be used for 
producing different coloured gilding, either by a separate current or by simple immersion, and they 
are employed both hot and cold, being also varied when used for iron, steel, and baser metals. A 
good sirjple immersion solution may be made by dissolving 14 oz. of pyrophosphate of soda in 9 
pints of distilled water, and adding ^ oz. hydrocyanic acid. The first two ingredients are heated 
together, and ^ oz. of soluble dry chloride of gold is added when the solution is cool, and afterwards 
the hydrocyanic acid, drop by drop, until the liquor becomes colourless ; an excess of the acid renders 
the gilding difficult, but this may be corrected by adding a small proportion of chloride of gold. It 
is used hot, the articles to be gilded upon must be previously passed through a very diluted 
solution of nitrate of mercury, and must be continuously shaken. It is best to employ three baths, 
the first containing an exhausted solution of the same kind, the second one that has been but 
partially used, and the third a freshly prepared bath Vhich will produce the required shade ; the 
gilding is done in a few seconds. Green and white gilding may be obtained from a similar liquid 
by adding, drop by drop, a solution of nitrate of silver until the desired shade is arrived at ; before 
gilding green or white, gild the objects yellow in the ordCnary bath, pass them rapidly through the 
nitrate of mercury solution, and then into the gold bath having the nitrate of silver. 
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Water giMUng ia a simple immersion process, and may be effected by dissolving 5 oz. of gold 
converted into chloride with 4 gal. of water, and boiling it with 20 lb. of pearlash for several 
hours, the articles to be immersed for a few minutes in the solution, which is kept warm. 

Gilding by iieans of a separate current is best conducted with the solution of the double salt of 
cyanide of gold and potassium. When formed chemically, this salt is prepared by adding cyanide 
of gold to a solution of cyanide of potassium, and evaporating io dryness ; the resulting crystals con- 
stitute the double salt, and form an excellent plating solution alone, when dissolved in water. Other 
solutions, such as that composed of yellow prussiate of potash, 7 oz. ; pearlash, 5 oz. ; sal ammoniac, 

1 oz. ; pure gold transformed into chloride, 2 oz. ; and water, 2 gal. ; the salts are boiled together, 
and the chloride of gold added, dissolved in a little water just before the bath is allowed to cool. 
The anodes employed are plates of thin gold dipped entirely into the bath, and held by small 
platinum wires connected to the positive pole of the battery. The deposit should be a pure yellow ; 
in case it is off colour, it must be scratch-brushed with care and passed through coloured materials ; 
the anode conducts the electricity, and also maintains the metallic strength of the bath, but the 
addition of gold salt and cyanide of potassium are necessary at intervals ; when this is required is 
ascertained by the colour of the bath and the deposit; when gold predominates, the deposit 
is blackish, and when the cyanide ia in excess, the gilding takes place slowly, and is of a greyish 
colour. When not in use the anode must be removed, or it will be dissolved. In making solutions 
by the battery process, from IJ to 2 lb. of cyanide of potassium is dissolved in eacli gallon of the 
hot water, and two plates of sheet gold immersed ; the current from a couple of Daniell or Smee cells 
is passed for several hours ; the liquor may be occasionally tested to ascertain its condition with a 
plate of German silver, which is made to replace one of the gold plates for a short time. W'hen satis- 
factory, the bath may be immediately used ; it will work well if the temperature is preserved as 
evenly as possible from 143°-160° F. Care should be observed when making this bath to either 
wholly immerse the gold plates, or else to protect the portion above the surface of the liquid by 
means of varnish, otherwise it is liable to be cut through at the line of division. 

A great deal of the colouring in electro gilding depends upon the manner in which the current 
is regulated and the baths kept in condition, and to obtain excessive coloration rather by additions 
to the bath than by interference with the current or alteration of the temperature. A bath to be 
used for red gilding only may be made by adding to the ordinary bath acetate of copper in crystals 
ground to powder, and dissolved in water or some liquid from an old electro-copper bath. Small 
articles may be made to pass to red by heating them after they have been covered with acetate of 
copper, cream of tartar, and common salt. To obtain gold with a pink appearance, the articles 
are first gilt yellow in the ordinary way, then reddened, and then passed quickly through a silvering 
bath. To produce green or white gilding, add to the bath a dilute solution of nitrate of silver, less 
of this being required for green and more for white. In the general working of gilding baths, it is 
as well to always give inferior work, such as zinc or tin, a light deposit of copper, and the same 
remark holds good for steel and iron ; German silver should be gilt in very weak solutions. Vessels 
which require only to be gilt inside, such as cups, sugar-basins, and the like, are fiUed with the 
gilding solution with an anode of gold hung in the middle, the other wire from the battery being 
connected to the vessel itself ; parts which cannot be gUt conveniently in this way may be lightly 
coated by a sponge or rag wetted with the solution, and dipping in it. The battery most frequently 
used is either a single Smee or a Daniell. 

When a gold solution which has been worked for a long time fails to yield the rich colour so 
necessary in electro gilding, the solution may be restored to its proper condition by evaporation to 
dryness. After a gilding bath has been worked for a lengthened period it is apt to yield a brownish 
or foxy colour, which is due to the accumulation of organic matter, from imperfect rinsing of the 
work after scratch-brushing, by which small quantities of the beer used in the operation enter the 
solution, and cause the deposit to assume shades of colour which are anything but desirable for 
superior work. Although it involves a little trouble, and occupies a certain amount of time, if 
the solution be evaporated to absolute dryness, then rcdissolved in hot water and filtered, the bath 
restored by this means will give admirable results. Aftar complete evaporation and subsequent 
redissolving, a small amount of additional cyanide will be necessary ; and since it is probable that 
the solution, after long working, may contain less than its original proportion of gold, it will be 
advisable, after redissolving the dry mass, to use about 25 per cent, less water than would represent 
the original bulk of the solution. 

Gilding for cheap work may be effected by using a copper anode in the place of a gold one, and 
re-supplying the gold solution as it becomes exhausted, by the addition from time to time of concen- 
trated solution of cyanide of gold ; in thi way, not only is the gilding of a very rich colour, but a 
larger surface may be coated at a small cost. 

In gilding and silvering sUk, cotton, and the like, one process consists in arranging the fabric in 
a tight position, stud then immersing iA a solution of acetate of silver, to which is added ammonia 
until the solution becomes fluid. After one or two hours’ immersion the thread is to be dried and 
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submitted to a current of pure hydrogen gas. The threads are then metallized, and ^^1 conduct a 
current of electricity; they are then to be gilded by the methods usually employed. Another 
process is to dip a piece of white silt in an aqueous solution of chloride of gold, and expose it to 
the action of sulphurous acid gas, which may be done by burning a little sulphui’, and confining 
the vapour in a lx)x ; in a few seconds, the whole piece will be covered with a coat of reduced gold. 

A very weak solution of sulphate of copper, applied with a camel-hair, brush, and the spot 
touched with a steel or iron rod, will deposit a film of copper on pewter solder. This will be found 
a very simple and useful assistant in cases where it is troublesome to obtain a gold or sUver deposit 
upon certain parts of work which had been repaired with soft solder. Lead edges of candlesticks, 
cruet-frames, and the like, may be slightly coppered in this way, by making up a bath of weak 
sulphate of copper solution, dipping the part to be coated therein, and touching the places to be 
coppered with a clean iron rod. With the exception of the extreme point, the iron rod may be coated 
with varnish, or with a solution of red sealing-wax, in spiiit of wine, to prevent the metal firom 
reducing the copper from its solution except where required to do so. 

Good nickel plating may be effected by making up the bath with pure crystals of double-sul- 
phate of nickel and ammonia, 1 lb. of the crystals being allowed to each gallon of water. The 
anodes required for, say a 50-gal. bath, should be 10 in number, each being at least 12 in. long 
by 6 in. wide. They are suspended on each side of the bath by copper hooks to the pceitive 
conducting pole, which may be of brass tubing with an iron core. The battery required for a bath 
the capacity we have indicated will be 4 Bunsen cells, about 2 gal., or a small dynamo-machine may 
be used instead. To prepare the double salt of nickel and ammonia, nitrate of nickel is dissolved 
in its own weight of ammonia, the whole diluted with 20 to 30 times its volume of liquid bisulphate 
of soda, marking about 24° Baume. Nickel solutions like those of gold and silver do not readily 
dissolve the anodes, and consequently, unless these expose a surface considerably exceeding that 
of the articles to be plated, the deposit will not only be irregular but of an indifferent colour. 
Again, owing to the solutions of this metal being comparatively poor conductors of electricity, 
anodes must be placed opposite each aide of the article to be plated, or surround it where its form 
is circular. 

The cleansing baths required are a potash bath, a weak cyanide bath for brass or copper work, 
and a weak hydrochloric acid bath for steel or iron work. The surfaces of the metal to be depo- 
sited are cleaned in the ordinary way, and placed in the hot potash bath for a short time, rins^ 
then dipped in either the cyanide or hydrochloric acid bath, again well rinsed, and put in the nickel 
vat ; it is necessary that the articles should be struck, that is, receive an immediate coating, directly 
after immersion, after which deposition should be allowed to progress more slowly. The bath 
should be filled with work upon this system ; after a while the power may be gradually augmented 
until the required deposit is obtained. Although cast-iron work may be nickelled direct, it is an 
advantage to give the work a preliminary coating of copper ; the ordinary cyanide of copper solu- 
tion may be used for the purpose, but for the cast iron it is necessary to have the solution rich 
in metal, and the temperature raised to 130° F. The coppering bath is advantageous, as it enables 
one to discover the effects of cleaning and pickling before depositing the nickel, a matter of consi- 
derable importance ; and it will also be found useful to use it before plating Britannia metal and 
tinned iron goods. When the double chlorides of nickel and ammonia are used in preference to the 
double sulphates of nickel and nickel and ammonia, the solution may be weaker, since the former 
solution is a better conductor than the latter, and is more readily affected by electrical action ; a 
mixture of the double sulphates and double chlorides has also been tried with tolerable success. If 
the deposits are of a dull yellow colour, or a pearl-grey, either the solution is faulty or the current 
of too low tension to yield the proper deposit, which should be nearly as white as silver. 

The deposit obtained from the double chloride has a peculiarly matted surface, and is difficult to 
polish and extremely liable to tarnish on exposure to the air. The deposit obtained from the double 
sulphate is much easier to polish, but is also very hard and inflexible, and, if thick, is especially 
liable to separate in laminae from the surface on which it is deposited. The solution of the double 
chloride of nickel and ammonium is better adapted for coating iron with nickel than the double 
sulphate solution, the double sulphate solution answering better for brass. 

Both these solutions become gradually changed in use ; in the second, the ammonium salt is 
decomposed by the action of the current, and free ammonia is evolved, the solution becoming rich 
in nickel and losing ammonia, these changes affecting the quality of the deposited metal. These 
difficulties may be overcome by adding to the bath boracic acid. E. Weston, to whom this improve- 
ment is due, states that an excellent solution may be made by using 5 parts chloride of nickel and 
2 parts boracic acid, or with 3 parts sulphate of nickel did 1 part boracic acid. Either of these 
solutions may have added to them with advantage caustic soda, potash, or lime, until the precipitates 
formed cease to be dissolved. 

For the recovery of nickel from old solutions, a safOrated solution of ammonia sulphate 
should be added to the old solution with constant stirring ; no effect wiU be observed at first, but in a 
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few moment^ deposit of the double sulphate will begin to form. The precipitation should be con- 
tinued until the liquid is colourless ; the resulting salt is quite pure, and may be used direct in 
making the new solution. 

Brass deposi®, which are commonly made on zinc articles which have to be afterwards bronzed, 
may be made as follows : — To 2 gal. of water are added 4 oz. each of carbonate of copper and car- 
bonate of zinc recently prepared, 8 oz. each of pure cyanide of potassium, pearlash, and common 
soda, and ^ oz. of white arsenic ; the sides of the tank are lined with one or more brass sheets, 
joined together, connected to the last carbon or copper of the battery, the intensity of the latter is 
regulated by the surface of the articles to be electro-plated. These are suspended by copper hooks 
to stout rods of the same metal, all connected to the last zinc of the battery. There are numerous 
other brass baths in use, and an excellent one, introduced by Watt, is prepared and worked as 
follows ; — 

For each gallon of solution take, say, 2 oz. of sheet brass of the best quality, cut it into strips, 
and place these in a porcelain capsule or stone jar ; pour on abont 4 oz. of commercial nitric acid, 
to which a little water may be added. Allow the chemical action to proceed in a cool place at 
first, and when the red fumes of nitrous gas cease to be visible, apply gentle heat. When the acid 
has become saturated, the supernatant solution must be transferred to another vessel, and a smaller 
quantity of acid poured on to the undissolved alloy, and this treated as before. It is advisable not 
to have the acid in excess; and if a small fragment only of the metal be undissolved, it is better to 
put it aside than to run the risk of an excess of acid. The acid solution of the brass alloy is next 
to be diluted with about 2 qt. of water, and a solution of carbonate of potash, salts of tartar, 
added gradually, to precipitate the respective metals. For this purpose 1 lb. of carbonate of 
potash may be dissolved in a quart of cold water, ready for use. Upon adding the carbonated 
alkali, care must be' taken, or the efifervescent mixture will overflow, carrying the precipitate with 
it. This precaution is specially necessary when the precipitation is near completion. 

A light bluish-green precipitate is formed in the above operation, which must be allowed to 
subside. The clear liquor should, however, be tested with a drop or two of the alkaline solution, 
in order to ascertain if aU the metal has been thrown down. If this is the case, the precipitate 
may be either washed by filtration, or by the addition of hot water, and frequent subsequent wash- 
ings. Although the washing of the precipitate is a somewhat slow process, it is important to push 
it as far as possible, since the salts remaining in the solution do not in any way improve the 
working or general character of the solution itself. 

After the final washing, the precipitate is to be treated with strong liquid ammonia (‘880), 
which must be added gradually, with constant stirring. The ammonia will redissolve the preci- 
pitate, forming a dark-blue solution. To this now must be added a strong solution of cyanide of 
potassium, until the blue colour entirely disappears ; and beyond this about 4 or 5 oz. of free 
cyanide must be added to assist the solution of the anode. It is even more important in this than 
in some other electro-metallurgical operations that the cyanide be of good quality. The brass 
solution should now be filtered, and water added to make one gallon. It may be worked either hot 
or cold, but if the former, it may be advisable to reduce it by adding a little water. The anode 
should be of the same quality as the alloy from which the solution was made ; indeed the latter 
wonld be best prepared from a portion of the sheet of brass which is destined to act as an anode. 

Steel plating on copper plates and type is extensively practised, by one method ; in proceeding 
to prepare for work, the trough is filled with water in combination with hydrochlorate of ammonia, 
sal-ammoniac, in the proportion of 1000 lb. by weight of water, tolOOlb. of hydrochlorate of ammonia. 
A plate of sheet iron nearly as long and as deep as the trough, is attached to the positive pole of the 
battery, and immersed in the solution. Another plate of sheet iron about half the size of the other is 
attached to the negative pole of the battery, and immersed in the solution, and when the solution 
has arrived at the proper condition, which will require several days, the plate of iron attached to 
the negative pole is removed, and the printing surface to be coated is attached to this pole, and 
then immersed in the bath till the required coating of iron is obtained. If, on immersing the 
copper plate in the solution, it is not immediately coated with a bright coating of iron all over, the 
bath is not in a proper condition, and the copper plate is to be removed and the iron plate attached 
and returned into the solution. The time occupied in obtaining a proper coating of iron to a 
printing surface varies from a variety of causes, but a copper plate should not be allowed to remain 
in the bath and attached to the negative pole of the battery after the bright coating of iron begins to 
show a blackish appearance at the edges. Immediately on taking a copper plate from the bath, 
great care is to be observed in washing off the solution from aU parts, and this may be most con- 
veniently done by causing jets of water fijrcibly to strike against all parts of the surface. The 
plate is then dri^ and washed with spirits of turpentine, when it is ready for being printed from 
in the ordinary manner. 

Bibliography. — A.' Eoseleur, ‘ Galvand^lastic Manipulation ’ (Philadelphia : 1872);, A. Watt, 
‘ Electro-Metallurgy ’ (London ; 1874) ; J. T. Sprague, ‘ Electricity, &c.’ (London : 1875) ; J. Napier, 
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‘ Manual of Electro-Metallurgy ’ (London ; 1876) ; G. Gore, ‘ Art of Electro-Metallurgy ’ (London : 
1877); E. Spon, ‘Workshop Eeceipts’ (London: 1879); J. W. TJrqnhart, ‘Electro-Plating’ 
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EXPLOSIVES (Eb., Explosives; Geb., KnaUe). 

The industrial applications of explosives are for blasting or to give Kght and sound for signalling 
purposes ; explosives for the latter purpose are really fireworks on a large scale, and as such wUl he 
treated of in the article on Pyrotechnics. The best known explosives are gunpowder, gun-cotton, 
nitro-glyoerine in various forms, known as dynamite, lithofracteur, giant powder ; gun-cotton and 
its derivatives, cotton powder and Schultz’s gunpowder, and to a smaller extent various fulminates 
and picrates. 

An explosive mixture generally has two essential ingredients, one readily combustible, and the 
other containing oxygen, in considerable quantity, which it wUl part with easily. Carbon, with 
which hydrogen is usually associated, is almost always the combustible substance, although 
occasionally other oxidizable bodies, such as sulphur, are used. The carbon is most frequently in 
the form of charcoal, but any other organic substance containing it largely will afford the same 
action ; the oxidizing agents are almost invariably nitrates or chlorates, but the difference in the 
readiness with which these two salts give up their oxygen causes one or other of them to be 
preferred in the particular explosive of which they form a psirt. 

Gunpowder. — ^The three ingredients of which gunpowder is composed are saltpetre, charcoal, 
and sulphur. Its exploding point is about 600° F. The qualities which most influence gunpowder are 
its density, the size and shape of grain, and the condition of the charcoal. It is essential that gun- 
powder should be uniform in action ; the denser it is the slower it will bum, even in single grains, 
and dense powder will offer a smaller smrface to ignition than an equal weight of a less dense kind. 
For similar reasons, a large grain will burn slower than a number of small grains making up the 
same weight, and a grain of regular shape such as a cube, a cylinder, or a sphere, will offer less 
surface than an irregular one of the same mass ; laminated or flaky forms indicate a violent powder. 
There are other points, which are alluded to in the following detail of its manufacture. 

The chief woods from which is manufactured charcoal for powder-making are the. willow, the 
alder, and what is popularly known as the “ black dogwood,” but which is really the alder buck- 
thorn, or berry-bearing alder (Rhamnus frangula). 

Their adoption was no doubt decided empirically, for it is not easy even to determine why any 
particular woods are better adapted than others for charcoal for gunpowder. Though various other 
woods are used for coarse blasting powder, the three named are generally selected for the best 
gunpowders. 

Small wood of about ten years’ growth, is in all cases preferred for powder-making. Alder and 
willow of this age will be probably 4-5 in. in diameter ; dogwood, about 1 in. ; the two former 
woods in pieces of 3 ft. long, not less than 1 or more than 4 in. in diameter. The wood must 
be straight, perfectly sound, and entirely free from bark, and must have been felled during the 
spring of the current year. All wood is stacked on iron sleepers or on rows of brickwork; the 
alder and willow are provided with no protection from the weather ; the dogwood is covered with 
straw thatching. 

It is desirable that all moisture should be expelled from the wood before the latter is placed in 
the retorts. This will be the case after being stacked for a few months in summer. It may be 
safely asserted that there is no object iu keeping wood for a number of years to season ; on the 
contrary, that provided a supply of wood can always be depended on, there is nothing to be gained 
by maintaining a large stock of cut wood. 

The wood is converted into charcoal in cast-iron retorts, set in brickwork. Fig. 592 is a trans- 
verse section of a set of cylinders ; Fig. 593 is a longitudinal section of one retort. Each retort 
has two pipes passing out of the inner end. When set, the lower pipe b is closed with brickwork, 
being intended for use should the cylinder be turned round and reset, the upper pipe ct only being 
made use of. To the upper pipe is attached a branch leading to a horizontal pipe c, extending 
behind the whole set of retorts, from one end of which another pipe d descends perpendicularly, 
joining e leading directly into the furnace. Each cylinder has a false bottom of brickwork, in front 
of which is bolted on a piece of wrought-iron plate, having a circular hole in it corresponding to the 
uppermost pipe of the cylinder. The cylinders are closed with tight-fitting iron doors, secured by 
a powerful screw. The wood is placed in small cylinders of sheet-iron R termed slips, which are 
placed on small iron travelling carriages, on which they can he run up directly to the mouth of 
the cylinders, and shot into them direct. The back end of each slip is provided with a handle to 
facilitate withdrawal. 

Provided the cylinders are hot the wood is thoronghly charred in 2i-3J hours. The gas and 
tar from (he wood passes through a cd and e into the fir^ which is found greatly to economize fuel, 
^d to be the readiest means of ascertaining when the charring is properly and thoroughly done. 
Ihis IS shpwn by the flame which issues from the pipe leading into the fire becoming of a violet 


m 


GUNPOWDER. 


883 


tint, indicali^g the formation of carbonic oxide. As soon as this is observed, the doors of the 
cylinders are opened, the slips are hoisted out of them by chain tackle and blocks, and lowered into 
large iron extinguishers having close-fitting lids, in which they remain for half a day, the charcoal 
is then discharged into coolers, large cylindrical cases of sheet-iron fitted with lids, and sent to 
the charcoal store. Wood yields about 25 per cent, of charcoal. Charcoal is occasionally made in 
large pits, as may be seen ^escribed in various works on chemistry and metallurgy. Pit charcoal 
is preferred for some explosive compositions, but why it is difficult to say. 

592 . 593 . 




It is of the highest importance that the charring of the wood should always be conducted as 
nearly as possible at the same temperature, for the chemical composition of the charcoal, and the 
temperature at which it will ignite, is imdoubtedly affected by the temperature at wjpch it has been 
charred. Charcoal prepared at a low temperature is softer, more inflammable, and contains more 
gaseous elements than charcoal prepared at a higher heat, and the gunpowders made from these 
charcoals would be similarly aflfected. At many gunpowder manufactories, pyrometers to ascertain 
the temperature of the cylinders are in use. 

The fitness of charcoal for gunpowder depends cm its chemical composition, which is indicated 
by its physical qualities. If properly made it should be jet-black in colour, its fracture should show 
a clear velvet-like surface, and it should be light and sonorous when dropped on,a hard surface. 
Underbnmt charcoal, that is, charcoal prepared at a very low temperature, is at once known by its 
reddish-brown colour ; overbumt charcoal, by its hardness and density. The former is greatly 
more inflammable than the latter, charcoal prepared at a temperature of 260° (500° F.) being 
readily ignited at a temperature of 338° (640° F.), while charcoal prepared at 982° (1800° F.) 
requires a temperature nearly double the last to inflame it. Underburnt charcoal has found favour 
for some small-arm powders. It certainly appears to render the powder more inflammable, and 
consequently quicker, but it has the disadvantage of being more hygroscopic than denser charcoal, 
and of rendering the powder therefore more liable to suffer damage from damp. 

The analysis of some specimens of gunpowder charcoal showed ; — 



Ash. 

Carbon. 

Hydrogen. 

with 

trace of Nitrogen. 

Alder 

1-24 

87-00 

2-97 

8-78 

Willow 

2-02 

85-82 

2-88 

9-28 

Dogwood 

1-71 

83-80 

3-28 

11-21 


The average densities of the three charcoals are alder, 1 ■ 37 ; willow, 1 • 39 : dogwood, 1 ■ 30. 
An analysis of the ash of each gave : — 



i 

Alder. 

Willow. 

Dogwood. 

Silica 

4-66 

3-33 

17-30 

Phos. lime, trace Fe. . . 

25-60 

27-10 

14-53 

Lime 

24-90 

27-66 

31-60 

Mg. 0 

2-77 

4-25 

2-05 

Potash 

10-53 

11-50 

8-20 

Soda 

• 2-21 

2-70 

3-15 

SO 3 

1-20 

2-50 

1-22 

Chlorine 

-15 

-25 

-54 

Carbonic acid 

27-82 

18-68 

20-62 

• 





99-84 

97-97 

99-21 • 
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Proust, who paid special attention to the study of gnnpowder, tried a series of experiments with 
mixtures of saltpetre and equal quantities of the charcoals of various woods, which he burnt 
together, measuring the quantity of gas evolved. His experiments have been repeated by some 
English chemists with very interesting results, of which the following is an abstract. 12 gr. of 
charcoal mixed with 60 gr. of saltpetre gave the following proportions of gas in cub. in. : — 


Gas 
cub. in. 

Elm 62 

Oak 61-63 

Mahogany 58 

WUlow (overheated) 59-66 

Oak „ 54_56 

Dogwood {Shamnus frangula) . . 80-81 


• Gas 

cub. in. 

Willow (Salix alha) 76-78 

Alder 74-73 

Filbert 72 

Fir .. j 

Chestnut I 66 

Hazel . . ) 


The saltpetre as imported is known as grough saltpetre; it contains various impurities, the 
principal of these being snlpliate of soda, chloride of sodium, sand, and moisture. To eliminate 
this, an apparatus similar to Fig. 594 is employed. Here A is a boiler, B a filtering apparatus, C 
a cooler, D drainer, E washing vat, F F liquor tanks, G evaporating pans, H filter. 
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About two tons of grough saltpetre is placed in a large open copper pan A, and about 270 gal. 
of water are added to it. Over the bottom of each pan is placed a false bottom of iron, perforated 
with holes 1 in. in diameter, to allow the sand and insoluble impurities to fell. In about two 
hours the saltpetre is dissolved and the solution boiling. The false bottoms are pulled out just 
before the solution begins to boil, and the scum removed from the surface. The solution is allowed 
to boil until no more scum rises ; the copper is then filled up with cold water, again boiled briskly 
for a few minutes, after which it is allowed to cool. 

When the temperature of the solution has fallen to about 93° (200° F.), with a specific gravity 
of about 1 • 53, a hand -pump is lowered into the copper, and the solution is pumped into a wooden 
trough leading to another larger one termed the supply trough, furnished with six holes in the 
bottom, beneath which the filtering bags are suspended. Wooden plugs are provided for these 
holes, so that if the bags become clogged the flow of solution may be stopped. 

The bags, made of dowlas, are suspended on iron hooks underneath the holes in the supply 
trough. They are always rinsed with hot water before the filtering commences, and require 
occasionally a little poured over them to prevent the formation of crystals. Occasionally a solution 
is found to contain so much organic impurity that it will not run through the filters. In this ease 
a little glue, about 1 lb. to 2 tons of saltpetre, is added to the solution in the copper, which has the 
efiect of throwing up a great part of the impurity as a scmn, which can be removed before the 
liquor is pumped out. As soon as it is all removed the pumps are pulled up, and the coppers, if 
necessary, cleaned out. A wooden trough placed directly underneath the filtering bags receives 
the solution as it runs from them, and conducts it directly into the cooler or crystallizing cistern, a 
large shallow flat trough of sheet copper about 12 ft. long, 7 ft. wide, and 1 ft. deep. By the time 
the solution runs into it the temperature will have fallen to between 82° and 88° (180° P. and 
190° F.). As the temperature continues to fall the excess of saltpetre crystallizes out ; the coolers 
must be kept in constant agitation, to cause it to deposit the salt in the form of flour or minute 
crystals. This is effected by constant stirring by means of a large wooden hoe, with which also the 
flour is drawn to the side of the cooler, to be shovelled out with a copper shovel. As it is removed 
it is first thrown on to an inclined board or drainer, to allow the excess of liquor to run back into 
the cooler. It remains on the drainer for some minutes, after which it is transferred to the 
washing vat. The crystallizing process may be very materially hastened by artificial cooling. 

The value of sulphur as an ingredient of gunpowder is due to the low temperature at which it 
inflames. It melts at a comparatively low temperature, 115° (293° F.), and inflames at about 293° 
(560° F.). Distilled sulphur, as used in the manufacture qli gunpowder, consists -of masses of clear 
yellow crystals in the form of rhombic octahedra, and is readily soluble in bisulphide of carbon. 
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Figs. 5^, 596 show the iron pot or retort in which the process is earried on ; Fig. 596 is a section 
through water-jacket, and Fig. 595 a section through pipe to subliming dome. The apparatus 
employed consists of a large pot of cast iron A, about 1 ft. 8 in. deep, 3 ft. in. in diameter at 
the mouth, aiM about 2 ft, 2 in. at bottom. The metal of the pot is very thick, being about 2J in. 
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thick at the edge, and nearly 6 in. at bottom; round the top edge is shrunk a strong rmg orjire of 
wrought iron to prevent splitting by expansion ; this pot is set in brickwork ; on the topjjf it^fitted 
a large dome-shaped cover, also of cast iron, secured to the pot by three wrought-iron tie rods, 
which are secured by screw bolts to a wrought-iron ring passing round the neck of the cover. 

At the top of the cover is a circular opening, 1 ft. 6f in. in diameter at top, and 1 ft. 3f in. at 
bottom, fitted with a heavy cast-iron lid, the weight of which is sufScient to keep it in its place 
during the refining process. In this lid is a 4 in. iron plug-hole with a considerable amount of 
taper, through which the pot is charged. The cast-iron plug which closes it fits sufBciently tightly 
to prevent escape of sulphur-vapour, particularly if a little sand be thrown over it ; but at the 
same time it acts as a safety valve, being lifted out if an unusual pressure of vapour is exerted 
inside the pot. 

From the dome-shaped cover two pipes proceed at right angles to each other, one D to the sub- 
liming dome E, the other B to the distilling tank or receiving pot 0. The first pipe is 1 ft. 3 in. in 
diameter, and is furnished with a throttle-valve which can be closed or opened by a handle from 
without, so as to shut off or open the communication between the pot and the dome when required ; 
the other pipe is encased in a water-jacket, and can be closed or opened by means of a conical valve 
worked by a screw. When distilling, a constant flow of water is maintained through the water- 
jacket from a cistern overhead, which is filled by a force-pump in the house. There is an escape- 
pipe fitted to the water-jacket, to allow of the escape of water when there is a sudden development 
of steam, caused by the heat of the sulphur-vapour ; this pipe leads directly into the receiving pot. 
The receiving pot is a large circular vessel of cast iron, 3 ft. 6 in. in diameter, which is set on a 
frame mounted on small trucks, to allow of a slight movement, when the pipe which connects it 
with the melting pot becomes expanded and lengthened, by the heat of the sulphur-vapour passing 
through it. There is a large opening through which the melted sulphur can be ladled out when 
necessary ; this is closed by an iron lid similar to that of the melting pot, in which is also a small 
plug-hole, through which the depth of melted sulphur in the receiving pot can be gauged with an 
iron rod. A smil pipe leads from another opening in the lid of the receiving pot, into a square 
wooden chamber lined with lead to receive any non-condensed vapour, and cause it to deposit its 
sulphur in the form of flowers. This chamber is provided with a tall chimney, also of wood, con- 
taining a series of steps or traps to catch as much of the flowers as possible. 

The subliming dome E is a large dome-shaped building of brick, 10 ft. in diameter at base, and 
about 12 ft. in height. The pipe from the sulphur pot enters it near the top; the chamber is lined 
with flag-stones, and the floor is covered with sheet lead ; it is provided with two doors, an inner 
one of iron, an outer one of wood, lined with sheet lead, both close fitting, through which passes a 
pipe to allow the escape of air ; this pipe terminates in a vessel of cold water. 

In the ordinary course of distilling sulphur for powder-making a small amount must always 
pass into the subliming dome. Very often distilling and subliming are carried on together; but 
in this case the temperature of the dome iS not allowed to fall, and it is thus found perfectly prac- 
ticable to obtain both distilled and sublimed sulphur at the same time, but it is better on the 
whole to carry on the two processes separately. 

If distillation'only is to be carried'on, about 5J ewt. of raw sulphur is placed 1% the pot each 
morning; an extra hundredweight would be put in if both distilling and subliming together. 
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The flie being lighted, the conical cast-iron ping is left out of the hole in the lid of Ae pot, the 
passage into the dome is opened and that into the receiving pot closed ; the heat is maintained for 
three hours, till the sulphur is of a proper temperature for distillation. The vapour vriuch first rises 
from the pot is of a pale yellow colour, and as much of it as passes into the dome fills down con- 
densed as flowers-of-sulphur, but at the end of three hours the vapour becomes of a deep reddish- 
brown colour, showing that the temperature of the melted sulphur has reached the proper point. 
The plug must then be inserted in the lid, the communication to the dome closed, and that leading 
to the receiving pot opened, allowing the heavy vapour to pass through the pipe surrounded with 
the water-jacket, by means of which a constant circulation of cold water is kept up round it ; in 
this way the sulphur vapour is condensed, and runs down into the receiving pot as a clear orange 
liquid resembling treacle in colour and consistency. By gauging the depth of the melted sulphur 
in the receiving pot, it can be ascertained when the greater part of the material has distOled over ; 
the fire is then lowered, the communication into the dome opened, and that leading to the receiving 
pot cut off, allowing the remaining sulphur to pass oif into the dome as flowers. A low fire is main- 
tained till the whole has been driven off, leaving the earthy residue quite free from it, and conse- 
quently loose like coal ashes, so that it may be easily ladled out next morning before recharging 
the pot. 

When both subliming and distillation are carried on at once, the first part of the process would 
be the same ; but when the distillation was finished the fire would be maintained for the remainder 
of the day, but somewhat lower, to drive off the quantity required into the dome, and in this case 
the subliming process would be carried on for several days, and the pot and dome never suffered to 
cool down altogether till the required quantity of flowersmf-sulphnr had been obtained. 

It is of the greatest consequence that the fire should be carefully regulated in all cases, for if the 
heat becomes too great, and the temperature of the melted sulphur be allowed to rise to 447° (836° P.), 
the vapour disengaged at that temperature is highly explosive when mixed with common air ; and if 
the plug be driven out by the pressure of the vapour, or if air be drawn into the pot through some 
leakage in the pipes, an explosion invariably happens. When the distilled sulphur in the receiving 
pot has cooled down sufficiently, which it will do in the course of an hour or two, it is ladled by 
hand into wooden tubs and allowed to solidify. Distilled sulphur immediately after being removed 
from the tubs is placed within a boarded-off enclosure, to guard against coming in contact with any 
fragments of grit or sand, which might thus enter the powder, and is broken up into large lumps, 
which are sent up to the factory to be ground under a pair of mill-stones. After being ground it is 
reeled through 32-mesh wire-cloth, and is then fit for the mixing house ; its fitness for use as an 
ingredient of gunpowder may be readily tested : — 

1st. By burning a small quantity on porcelain, when the amount of residuum should not exceed 
O' 25 per cent. 

2nd. By boiling with water and testing with blue litmus paper, which it should only very 
feebly redden. 

As an ingredient of gunpowder, sulphur is invaluable on account of the low temperature at 
which it inflames, thus facilitating the ignition of the powder. Its oxidation by saltpetre appears 
also to be attended with the production of a higher temperature than is obtained with charcoal, 
which would have the effect of accelerating the combustion, and of increasing by expansion the 
volume of gas evolved. 

Before the ingredients can be mixed they must be reduced to a powder sufficiently fine for the 
purpose. It is true that some manufacturers do not pulverize or mix their ingredients at all, but 
simply weigh out as much of each as is required in lumps and fragments, and throw them on the 
bed of the incorporating mill. But this obviously involves a loss of time, as the action of the incor- 
porating mill must be at first merely that of grinding and bringing the three ingredients into 
juxtaposition, before any incorporation properly so called can be effected. It is important to bear 
clearly in mind the meaning of the terms mixing and incorporating, as they are used by gunpowder 
makers. Though gunpowder is really only a mixture, very intimate no doubt, of the three ingre- 
dients, and not a new chemical substance formed out of them, yet by mixing is understood only the 
stirring together for a few minutes of the saltpetre, sulphur, and charcoal, to get them properly 
distributed amongst each other ; and by incorporating, the long continued trituration and grinding 
which the mixture undergoes under heavy edge-runners, by which a mass of the ingredients becomes 
transformed from a mere mixture of three different substances into gunpowder. A preliminary 
mixing, such as is employed at most gunpowder works, may be dispensed with; incorporation, 
whether performed by pestle and mortar, in the stamping mill, or under edge-runners, never. 

The saltpetre is, as has been previously stated, used mfest as it comes from the refinery. It is 
generally sent up to the mixing house after standing four or five days in the store bins, and 
when used contains generally from 3 to 5 per cent, moisture. For this an allowance must of course 
be made in weighing, and to enable the mixer to mafe this accurately, the percentage of 
moisture in the quantity sent up each morning, generally amounting to 35-40 cwt., when the 
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factory is iiafiiU work, is ascertained by the master-refiner by drying and fasing a sample, and 
comparing ae weight before and after the operation. A ticket with the proper weight of the salt- 
petre for the day’s charges is given to the master-mixer, who weighs out the saltpetre accordingly. 

The subjoined Table shows the weight of moist saltpetre for a 50J lb. charge, with moistoe from 
3 to 6 per ceni ; thus, though the proportions used in England for gunpowder are 75 saltpetre, 15 
charcoal, 10 sulphur, an extra 1 lb. of saltpetre is generally added to the 100 parts to cover loss m 


manufacture. 


At per cent. 
Moisture. 

"Weight. 

At per cent. 
Moisture. 

Weight. 

At per cent. 
Moisture. 

Weight. 

3*0 

lb. 

39 

oz. 

3 

4-1 

lb. 

39 

OZ. 

10 

5-2 

lb. 

40 

OZ. 

2 

3*1 

39 

4 

4-2 

39 

11 

5-3 

40 

3 

3 * 9 ! 

39 

5 

4-3 

39 

12 

5-4 

40 

3 

3*3 

39 

5 

4-4 

39 

12 

5-5 

40 

4 

3*4 

39 

6 

4-5 

39 

13 

5-6 

40 

5 

3*5 

39 

6 

4-6 

39 

14 

5-7 

40 

5 

3*fi 

39 

7 

4-7 

39 

14 

5-8 

40 

6 

3*7 

39 

8 

4-8 

39 

15 

5-9 

40 

7 

3-8 

39 

9 

i 4-9 

40 

0 

6-0 

40 

7 

3-9 

39 

9 

5-0 

40 

0 

— 



4-0 

39 

10 

51 

40 

1 





If dried refined sa.ltpetre is employed, it is first ground under a pair of small stone edge-runners 
fitted with scrapers, and then passed through a slope-reel covered with 28-mesh wire. 

The sulphur is ground under a pair of iron edge-runners, also fitted with scrapers, and sifted in 

a slope-reel covered with 32-mesh wire. . ^ r 

Charcoal, after being carefully hand-picked, to guard against the introduction of any fragments 
of foreign matter and underbumt knots of wood, is ground in a mill, Fig. 597. It consists of a 


cone B working in 
a cylinder A, each 
being furnished 
with diagonal riba 
or teeth, which are 
widely apart at 
top but approach 
closely together at 
the bottom. The 
charcoal which is 
fed in at the top 
passes out at the 
tottom into a 
slope-reel K M 
covered with 32- 
mesh wire. 

Charcoal, after 
having been 
burnt, should be 
allowed to stand 
for ten days to a 
fortnight before 
being ground, for 
when ground fresh 

after burning, the finely powdered charcoal absorbs and condenses oxygen so rapidly as to generate 
a great amount of heat, enough to cause spontaneous combustion. The relative proportions of 
the three ingredients are weighed out in quantities of 50 lb., that is to say, 37* saltpetre plus 
the extra weight for the moisture, 7i charcoal, and 5 sulphur, and transferred to the mixing 
machine Figs 598, 599. This consists of a hollow drum dof gun-metal, 1 ft. 6 in. wide by 2 ft. 9 in. 
in diameter, which is made to revolve at a speed of 40 revolutions a minute. The bearings t are 
hollow to receive a shaft which passes through them. This shaft carries in the interior of the 
drum a series of forty-four arms or fliers, fhe points of which just clear the interior of the drum, and 
revolves at twice the speed of the drum, in the opposite direction. A 50 lb. bag of ingredients is 
emptied into the ^um through a square opening at the top of it, and the drum and shaft carrying 
the fliers being xt in motion for five Ainutes, the saltpetre, sulphur, and charcoal are thoroughly 
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mixed together. The mixed ingredients fall down the shoot into a tub, from which Way are trans- 
ferred to an 8-mesh wire sieve, placed over another shoot, having a composition bag placed beneath 
it. On the sieve the charge is carefully sifted by hand, to guard against any foreign matters 
passing into it, and falls through into the bags, in which it is tied up tightly, ^d transferred 
to the expense magazine or charge-house ready for the incorporating mill. * 

A charge of fresh mixed ingredients is termed a green charge. Though not so easily ignited 
and slower in burning than gunpowder, it is, of course, explosive. Incorporation is unquestionably 
the most important of all the 
operations in the manufacture 
of gunpowder. The more 
thoroughly it is effected the 
stronger will be the resulting 
gunpowder. Provided the in- 
corporating mill is sufficiently 
powerful, and is worked at 
a sufficient speed, a most 
thorough incorporation can be 
effected in a few hours, after 
which there is no object in 
continuing the process. 

The old stamping mills, in 
which the ingredients were 
subjected to long-continued 
stamping under pestles work- 
ing in small mortars, have 
been out of use for many 
years in England, though they 
are still employed in other 
countries. The action of such mills has very little incorporating effect, and is moreover attended 
with even more risk than the mills used in this country. The same remark applies to the 
mowllns a tonneaux, in which a partial incorporation is effected by placing the material in a 
revolving barrel or drum along with some large metal or wooden balls. Such mills are often used 
for pulverizing the ingredients, and occasionally for incorporation, but the most effectual and speedy 
incorporation can be obtained with mills such as shown. 



SOO. 601. 



The incorporating mill, Figs. 600, 601, consists of ,a pair of large, heavy edge-runners of 

0 me iron runners. The runners are of various sizes, but must weigh 3i-4 tons each Some of 

are toterth^nXZgerl^tTtf ’ ^ diameter 

the larger, as the latter cause a greater tvfist on the bed, and are therefore more 


« 
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apt to cause ^ident. The face of the runners should be nearly flat, with a slight bevel towards 
the edge. The runners are connected together by a powerful spindle of wrought iron, which rests 
in brass bushes placed in the cross-head, so as to allow the spindle and runners to rise and fall, 
according to thelthickness or thinness of the layer of material on the bed. The spindle is placed 
in the cross-head, in order to bring one runner nearer to it than the other, and therefore to cause 
them to describe different paths when in motion. The spindle should have a large leverage on the 
runners, as their weight is so great. They must therefore be cast with as long a socket for the 
spindle as possible, otherwise they will very soon work loose on it. The cross-head r is fixed on a 
vertical shaft s, turned by a wheel p, driven from a pinion q on the driving shaft, which passes 
underneath the whole group of mills. By this arrangement the gearing is kept out of reach of 
damage from explosion. The cross-head r is fitted with a bracket on each side, to carry a plough 
of wood, shod with felt and leather, which travels round on the bed immediately in front of the 
runners, and thus keeps the composition from working away from them. The bed has a curb or 
edge round the outside and inside of the circular path described by the runners, that on the outside 
being formed by a sloping rim fixed all round the bed, that on the inside by the eircnlar base of 
the cheese or conical socket down which the vertical shaft of the cross-head passes. Both the 
inside and outside curbs have gun-metal rings round them for the ploughs to work against. Every 
fitting and bolt is arranged with the greatest care, so as neither to break nor become loose from 
the jolting of the mill, and thus drop into the charge. 

Various modifications of the incorporating mill have been proposed from time to time. The 
most important was a plan for keeping the runners and cross-head stationary, and causing the bed 
to revolve underneath them. This plan has the merit of greater safety to recommend it, but the 
mechanical difficulties in working it are very great. Another proposal was to heat the beds of all 
incorporating mills by steam, as heat is supposed to assist and hasten the process of incorporation, 
for some unknown reason. 

The charges, either green from the mixing house, or dust from the dusting or granulating 
houses, come to the miils in wooden tubs, and are stored in strong expense magazines or charge 
houses. In aU cases they are sifted before going to the mills, as this is the only certain plan of 
preventing foreign matters getting into the mill bed. The millman takes the charge and throws 
one half on one side of the bed and the other on the other, and then with his rake and brush distri- 
butes it evenly over the mill bed. The runners are then moved round a quarter revolution, and 
the piece of mill-cake left under the runners from the former charge is broken up and distributed 
over the fresh charge. This portion of mill-cake is of coiuse finished powder, and if the runners 
are left standing for any length of time with their whole weight on it, it becomes extremely hard. 
It should therefore always be broken up and distributed over the fresh charge, for if otherwise, it may 
adhere to the bed, and being very hard may be the cause of so much friction as to cause explosion. 
It is a much better plan to leave the runners on a portion of powder on which they stop than to 
attempt to run them oflf on to a leather placed on the mill bed, as must be done before the mill is 
washed out for repairs. Before starting the mill, about two pints of distilled water are sprinkled 
over the charge, the runners are then started at a speed of about eight revolutions a minute ; the 
millman does not remain in the mill, but oniy goes in from time to time to push up the charge from 
the bed, and to add a little more water according to the state of the charge, from two to three 
pints are generally found to be necessary in very damp weather, and as many as eight or ten in very 
bright days. The watering, or liquoring, as it is called, of the charge is always left to the millman’s 
judgment ; but it would be preferable to lay down a regular scale of liquor for all mill charges, 
according to the indications of the hygrometer. 

Large-grained powder requires to be incorporated for three hours, aU small-grained powder 
made with dogwood for five. The times of incorporation vary with the power of the milis. Thus 
large-grained powder requires 3J hours working under strong runners weighing 3i tons, and making 
7J rev. a minute, but only 2J under iron runners of 4 tons, making 8 rev. a minute. Small-grained 
dogwood powders require SJ hours in the former mills, and 4 in the latter. All dust charges are 
worked | hour in all mills. 

As the process of incorporation approaches completion, the charge requires to be carefiiUy watched, 
in order to ensure each finished charge leaving the mill in as nearly as possible the same state as 
regards moisture. The appearance of the powder when finished depends mainly on the state in 
which the charges leave the mill. If more than from two to three per cent, of moisture be present 
as the incorporation draws to a close, the charge must be repeatedly pushed up with the shover ; if 
too little, some more must be added from the watering pot. The colour of the charge gives a very 
good indication of the amount of moisture Resent. 

When the process is finished, the charge now known as miU-cake, being partly in the state of 
soft cake and partly of dust, is scraped and swept up fiwm the mill bed, placed in wooden tubs, and 
transferred to the ciiarge house to await ^Inspection. If the charges are found to be qf a proper 
colour and consistency, samples from each are taken, which, after being roughly granulated by hand 
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and dried, are flashed on a glass plate, to ascertain the thoronghness of the incorporatton which they 
have undergone. 

Incorporation is the most dangerous operation in the manufacture of gunpowder. Accidents in 
the subsequent processes, where large quantities of powder are subjected to treatyient at one time, 
are fortunately rare, but in the incorporating mills they may be expected from trme to time. As 
such mills are generally built in groups, an explosion in one is very apt to spread amongst all the 
others round it, particularly as the roofs of all are saturated with powder dust. To prevent this, a 
drenching apparatus, of which Figs. 602, 603 are a representation, is erected over each pair of 
runners. 

The apparatus consists of a large shutter C, balanced by a counterweight B, and pivoted on a 
spindle D which runs through the whole group of mills. To this spindle the shutter in each mill is 
attached and the spindle passes 
through bearings in the parti- 
tion walls, being connected by 
couplings F, BO that the lifting 
of one shutter lifts aU the 
others. Balanced on the pivot 
edge of the shutter is a large 
copper vessel A full of water ; 
this is so arranged that the 
slightest lift of the shutter 
capsizes its contents into the 
bed of the mill beneath it. 

An explosion in one mill there- 
fore lifts the shutter above it, 
and throws down the water 
into the mill bed ; and though 
too late to do any good in the 
mill which has exploded, the 
movement of the shutter turns the spindle and drowns the charge in all the adjacent mills, and 
thus saves them from explosion. There is also an arrangement by which the mUlman can, in 
case of an explosion in the immediate neighbourhood, pull over the vessel of water from outside. 

The explosion of a green charge does not, in some cases, do much damage to the structure of the 
mill or the machinery ; that of a worked charge is very violent, and leaves generally no part of the 
structure standing. Consequently all mills are made of a very strong framework covered with light 
boards, which can be quickly replaced if destroyed by an explosion. The cake leaves the mill 
partly soft and partly dust ; it hardens considerably if allowed to stand for a few days. In this form 
it would be, of course, quite unfit for use. The cake may indeed be broken up into grains, as is 
done in many countries, but powder made direct from mill-cake is dusty and irregular in action. 
It is also much more liable to absorb moisture, and therefore to cake and become lumpy. 

To ensure uniformity and good keeping qualities, and freedom from dust, powder must be corned 
or converted into firm grains. The old process is to damp the incorporated materials till they 
acquire a certain consistence, and then force the mass through sieves, thus forming granular frag- 
ments which are afterwards hardened by drying. There is no difficulty in thus forming good harf 
grains, but the moisture added partly dissolves the saltpetre, which in drying forms a hard external 
surface. The best way is first to compress the soft material into hard masses by pressure alone and 
then to crush up these masses into the description of grain required. The pressing is to convert the 
miU-cake into hard cakes, of the particular density which is found to give the best results when 
the powder is finished. 

Gunpowder is generally pressed in layers, between plates of gun-metal or copper, in a hydraulic 
press. Screw presses are still in use in many factories, and there are different ways of placing the 
powder in the presses used. The best results are obtained by pressing in thin layers. The details 
of the process will be described further on, but it is merely necessary to say here that the gun-metal 
plates between which the powder is placed are, when the press is being filled, placed on their edges 
and the powder thrown in between them. As they stand closely together, ^ inch apart, it follows 
that to ensure the powder finding its way down between them it must be reduced to a tolerably fine 
state of division. If taken direct to the press from the mills, the cake would not enter between the 
press plates ; a preliminary operation is therefore necessary, namely, breaking down. If the powder 
is to be pressed in very thick cakes it would not require breaking down. The breaking-down 
machine. Figs. 604, 605, consists of two pairs of gun-metal rollers placed in a frame, one pair Sreotly 
aW the other. They are grooved longitudinally tp get a better hold of the mill-cake ; one roller 
ot each pair works in a sliding bearing, and is held nt a proper distancq. from the other by 
a weightefi lever, to admit of each pair opening out a liftle if too large a quantity of the cake is 
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dia^ in betw^n them. Attached to the machine is a large hopper ; an endless band of strong 
canvas^.having transverse strips of leather sewed on to it, works through an opening at the bottom 
of the hopper up to the top of the machine, by means of which a regular supply of the cake is carried 
up and dropped in|)etween the rollers, which crush it up into fine meal ; this falls through the second 
pair of rollers, which .reduce to dust any fragment which may have escaped the action of the first 



pair, and finally falls into wooden tubs placM underneath to receive it ; it is then ready for direct 
transfer to the press. Too long an interval must not elapse between the breaking down and pressing, 
for the meal, which should contain from 2 to 3 per cent, of moisture. 

Pigs. 606, 607 areHhe most convenient fym of hydraulic gunpowder press ; the press box is made 
of gun-metal, lined inside and out with oak boards, and is of great strength. The bottofii and one 
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side are permanently attached to each other, the other three sides are hinged to the bottom, so that 
they can he opened out to facilitate unloading. When closed they sure secured with short, very 
strong, coarse-threaded screws of gun-metsd ; the box has two projecting gun-metsil claws, which 
hinge on to a fixed horizontal rod of the same metal, so that the box can be tunfad on it, on to the 
table of the hydraulic press, when filled and ready for pressing, or outwards when it hsis to be 
unloaded. Being first turned 
down on its side, the open top 
is closed temporarily with a 
piece of board which is fitted to 
it; the uppermost side is uu- 
covered and raised, suid the 
other two sides are fastened in 
their places ; gun-metal racks 
to hold the press plates, having 
perpendicular grooves in them 
J in. apart, are then slid in on 
each side, and the plates being 
put in, the meal from the break- 
ing-down machine is shovelled 
in and falls down readily be- 
tween the plates till the box is full ; the racks are then drawn out, leaving the plates with 
layers of powder between them, the excess of powder being carefully swept off the edge of the box ; 
the upper side is lowered and screwed to the other three, an overhead block and tackle is made 
fast to the gun-metal eye on the side of the box, and the box is turned over on to the press table. 

The box now stands on its bottom, and the temporary board being lifted off, the powder and 
plates will be found to have settled down several inches by their own weight ; the vacant space at 
the top is filled up by shovelling in a few more layers of meal, placing a plate by hand on each in 
succession till the press is quite full ; the overhead block D is run into place directly over and nearly 
touching the contents of the box, to secure it there and to apply the pressure until the box rises to 
a sufficient height. The pumps are in another building, separated from the press house by large 
traverses ; in this building the workmen remain while the pumps are at work. The amount of 
pressure to be given to the contents of the press box is estimated by tlie distance to which the over- 
head block enters the press box. Large-grain powder is compressed 13J in. and fine grain llj in., 
or thereabouts. A catch which can be adjusted to any height, and which holds back a kind of 
trigger, is fixed on the overhead block in such a way, that whenever the block has entered the box 
to the depth required, the catch comes in contact with the rising edge of the press box, and relieves 
the trigger, which rings a bell in the pump room. The pumps are then stopped, the escape valve 
opened, and the press table carrying the press box allowed to descend. The workmen then re-enter 
the press house and proceed to unload the box. Each plate, with a layer of hard cake adhering to 
it, is separated from the one beneath it, and being lifted into a wooden bin, a few knocks with a 
wooden mallet causes the cake to fall off in irregular fragments, which are broken into pieces of 
the size of a man’s hand, shovelled into tubs, and removed to an expense magazine. 

Powder is occasionally pressed without making use of the press box at all. This is only done 
when very great accuracy is required. If the pressure applied to powder be regulated according to 
the distance to which the meal is to be compressed, to ensure uniformity of results, not only must 
each pressing be carried on to the same distance, but there must be exactly the same quantity of 
material subjected to the process each time. There are other conditions also which affect the 
density of the resulting press cake. A sheet of canvas, the same size as a press plate, is laid on the 
table of the hydraulic press. On this is placed a wooden frame of the depth of the layers of meal 
which require to be pressed, generally |-1| in. ; powder meal is shovelled into the frame till it is 
full, and the excess carefully struck off by drawing a wooden rod over the edge of the frame. The 
frame is then lifted off, leaving a layer of meal of the required thickness on the press table ; on 
this layer is first placed another sheet of canvas, then a gun-metal press plate, and finally another 
sheet of canvas, on which a fresh layer is spread in a similar manner, and so on, till a pile of layers 
of powder, separated by canvas and gun-metal plates, is built up to the level of the under surface 
of the overhead block ; the pressure is applied in the usual way ; this system of pressing, though 
slower than the usual system, appears to offer some decided advantages. 

It is a matter of considerable difficulty to ensure uniformity of results in pressing powder. It is 
of the highest importance that the density obtained sllould be uniform, for the ^qualities and explo- 
sive effect of gunpowder are materially affected by comparatively slight variations in density. For 
instance, a difference of * 05 in the density of the charge may affect the initial velocity of a 12-lb. 
shot, fired with a 1-lb. charge, to the extent of about 5^ ft. a second ; no otb^r difference between 
the two ^wders may be perceptible. It is necessary, when examining the densities of press cake. 


606 . 007 . 
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in order to ascirtain if it is fitted for the mannfactore of a particular powder, to have it previously 
dried. 

It is found in practice that, though uniformity cannot be guaranteed in pressing, very tolerably 
close results can be obtained. To attain these in the finished powder, the density of every 
pressing, after it Has been converted into grain, sometimes of every glazing, is taken, and the diffe- 
rent pressings or glazings are then mixed in the proportions to give the density required. Thus if 
the density fixed for the powder be 1 • 67, and the densities of two pressings be found to be 1 • 70 and 
1 • 64, they would be mixed in equal proportions, and would give a powder of 1 • 67 density ; powders 
which, however, differ to a great extent in density are never mixed. 

Gunpowders now in actual use may be divided into grain powders and compressed powders. 
The granulation of grain powder is effected by passing the press cake between revolving toothed 
rollers of gun-metal ; in the machine. Figs. 608, 609, 610, 611, and 612, A is the hopper with raising 
arrangement, B endless band, C 0 rollers, D D short screens, E E long screens, P G boxes for 
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dust and grain, H box for “chucks.” The four pairs of rollers C are arranged in a slanting direc- 
tion, one above the other. These are set in the two strong side frames of gun-metal. Each pair 
is adjusted at the proper distance apart by set screws ; but the back roller of each pair works 
in a sliding bearing, kept up by a weighted lever to admit of the rollers opening out and 
admitting an excess of material to pass through without injury to the machine ; the two upper 
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pairs of rollers have coarser teeth than the lower pairs. Slanting rectangular screens B’ B are 
placed from underneath each of the three upper pairs of roUers C C to the top of the next, to 
convey any fragments which escape proper crushing in one pair into the teeth of the next pair. 
Underneath the whole is a long rectangular frame carrying two long screens E E, Fig. 612, to 
separate the proper size of powder, and a Jioard E' underneath to receive the dust and carry it 
down into a tub placed to receive it. Both the short screens and the long frame are attached to 
the framework of the machine by strips of lancewood, and receive a vibratory motion by means of 
a polygonal wheel, i^ch works against a circular wheel r unnin g loose on an axle fixed on the 
screen frames. ^ , 
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The press cake is placed in a hopper at the back of the machine, and carried n^ by means of an 
endless band, as in the breaking-down machine. The first pair of rollers have pyramidal teeth 
i in. high ; the second pair, similar teeth, in. high ; the two lower pairs hare chisel-shaped 
teeth, formed by entting longitudinal V-shaped grooves and circumferential rec^pgnlar ones. The 
two lower pairs are replaced by smooth ones. When fine- 
grain gunpowder has to be granulated, the arrangement 
and sizes of mesh of the screens may be easily remem- 
bered, as only one size of powder is required, and the 
size is defined by the fact that it must pass through one 
mesh, and not pass through another. The short screens 
therefore between the rollers are covered with the size of 
mesh through which the grains must pass, to allow all 
fragments of the right size to fall through, but which 
carry on the pieces which are too large to the next pair. 

The upper screen of the long frame underneath is covered 
with the same wire ; the lower one with the size of mesh 
wire on which the grain required must be retained. 

Attention must be paid to the angles at which the different screens are placed. This varies in 
different machines, and the proper inclination can only be ascertained by experiment. Some frag- 
ments of too large a size will escape aU the rollers, and consequently require a third box to receive 
them. These pieces, or “ chucks,” require to be passed through the machine again. When the hopper 
has reached the limit of its travel gj 3 

upwards, a clutch is relieved 
which stops it, and a beU is 
rung in the watchhouse, where 
the workmen then re-enter and 
place the grain and dust in tubs 
ready for transmission, the for- 
mer to the dusting houses, the 
latter to the mills for rework- 
ing. 

The machine used for making 
compressed powder is shown in 
Figs. 613, 614, and 615. There 
are two rams, an upper one A to 
press the pellets, and a lower 
one B to raise and lower the 
cross-head C. The upper cross- 
head is connected with a lower 
one Cj, by powerful side rods D D 
of wrought iron. On these rods 
there are stops E E, so adjusted 
as to admit of the upper cross- 
head being brought down only 
far enough to admit the upper 
punches to touch closely the 
mould plate, and close the 
openings of the moulds. F is 
the upper plate fixed to the 
cross- head, and carrying the 
upper punches. G G is the 
lower double plate, which is fixed 
in the revolving table, and which 
carries the lower punches hang- 
ing loose in it. A (Fig. 614) is a 
circular revolving tabled carry- 
ing four mould plates, each 
containing 200 moulds. B B 
are the top cross-heads of the 
rams. There being four mould plates, two are being pressed at the time the other two are being 
filled. Thus 400 pellets are pressed at one time. The revolving table consists of a framework of 
pin-metal, having the top boarded over to prevent the powder falling down iitlo the machine. It 
is traversed round by hand by means of a rack and pimon. The mould plates are of gun-metal. 




GUNPOWDEB. 


895 



being made double, as in Fig. 615. Here A is a small charge of powder placed in the mould, the' 
bottom of which is closed by a tightly-fitting steel punch B fitting it accurately. This punch has 
a shoulder on which it rests loose on a plate O. The lower end of B rests on the upper surface of 
the hydraulic raiy D, and an upper punch E of larger diameter than the mould brought down on 
the surface of the mould plate ; the punches are blued to prevent oxidation ; a pellet is made by 
bringing the top punch down on the plate and fixing it there so as 
to confine the powder, then by raising the lower punch by means 
of the ram till a proper amount of compression has been given to the 
powder, the pressure is stopped from beneath, and the upper punch 
raised, the finished pellet being raised out of the mould by the 
pressure of the ram underneath. Any form can be given to the 
pellets by altering the shape of the moulds and punches, and hol- 
lows or perforations can he made in the pellet if required. 

The rams are worked by means of a hydraulic accumulator, 
loaded so as to give a pressure of 1000 lb. on each punch in the 
mould plate. From 10 to 20 seconds generally suffices to give the 
density required. 

There are other varieties of machines used for this purpose 
which are self-feeding, but they are liable to clog with powder meal, and therefore are best used 
with grain powder. 

Granulated powder contains much dust, and the grain itself is not in a condition to be made use 
of as powder, being rough and porous on the surface, and 
very angular in shape. It is freed from dust by placing 
it in revolving reels, and then glased by causing the 
grains to rub against each other in revolving wooden 
barrels. Fig. 616. 

On leaving the reels or glazing barrel, the powder 
requires only to be stove dried to be fit for use. 

Stoving is effected in large chambers, heated with 
steam pipes. Gloom stoves or drying rooms, having a 
large metal dome built into one wall, under which a fire 
was made, were formerly used. The present steam stoves 
consist of large chambers having an arrangement of steam 
pipes running along the floor, and provided with double 
doors, which can be closely shut, and with ventilators at 
top and bottom, which can be closed or opened from with- 
out, so as to increase or lower the intemd temperature. 

The temperature is maintained at 52°-54° (125°-130° F.). 

The stove is fitted with wooden racks, on which are placed 
the trays, either of sheet copper, or of wood, with a canvas 
bottom for containing the powder. 

The powder is generally 24 hrs. in the stove altogether, being put in one morning and with- 
drawn the next, but does not actually get more than 18 hours of the full temperature, as the heat 
of the chamber must be 
lowered, to admit of the 
workmen remaining in it 
when putting in or with- 
drawing the trays which 
hold‘the powder. 

Density is the most im- 
portant quality of gun- 
powder, and must be most 
accurately determined, 
which can only be done by 
means of the mercury 
densimeter. 

The densimeter. Figs. 

617, 618, consists of a baro- 
meter tube m, supported 
on a stout metal stand, and 

having a cock d at the bottom by which it can be closed or opened. Attached to the top of the 
tube is a flexible thhe communicating W’& an air-pump, by means of which the air can be exhausted 
from the tube. A glass globe A fitted with metal collars e e*, on which again are screwed ether collars 
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provided with stop-cocks/^, can be attached to the bottom of the barometer tnhety means of a 
closely fitting screw. The lower collar of this globe is provided with a nozzle h which dips into an 
iron bowl filled with mercnry V. If, then, the lower cock g he kept closed and the other ones 
opened, the air can be exhausted from the barometer tube and globe ; and th^Jower cook being 
then opened, the mercury rushes in, rises up tiU it fills the globe, and continues to rise in the tube 
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till it has attained the same height from the surface of the mercury left in the bowl as the column 
in an ordinary barometer stands at the time. 

In taking the density of a sample of powder, the air is first exhausted from the tube and globe, 
and the mercury allowed to fill them. The upper and lower cocks of the globe are then closed, the 
nozzle is taken off, and the globe unscrewed from the barometer tube and weighed. This weight, 
the weight of the globe filled with mercury, is registered. 

The globe is then emptied, and a definite weight of the powder, generally 100 grammes, is 
introduced into the globe. The globe is then attached to the barometer tube as before, the air 
exhausted, and the mercury allowed to enter and rise in the tube as before. The stop-cocks 
attached to the globe are provided with diaphragms, the upper one of chamois leather, the lower 
one of fine wire gauze, to prevent any particle of powder being carried out of the globe. As soon 
as the mercury has risen to the proper height, the stop-cocks attached to the globe are again 
closed, the nozzle unscrewed, and the globe taken off and weighed. The second weight, the 
weight of the globe full of mercury, added to the weight of the powder, and less the weight of the 
volume of mercury displaced by it, is also registered. 

The density of the powder is then calculated by the following formula : — 


Density = 


D X 100 
(Pi - P) -I- 100 


where D is the specific gravity of the mercury at the time of experiment, P the weight of globe full 
of powder and mercury, P^ the weight of globe full of mercury alone, and 100 the weight of powder 
employed. 

Guncotton. — This explosive is formed by the action of concentrated nitric acid on cotton, and 
has the composition indicated by the formula C 6 H,(N 02 ) 305 . A number of similar products are 
known, but only one is used as an explosive agent. Soipe of the others are largely used for making 
collodion. 

The operation of cleansing the cotton waste is effected by boiling it in a solution of carbonate of 
soda. After the soda has been thoroughly removed by washing in water, the qptton is completely 
dried by means of heat, and the passage of expanding aiifjetween the fibres. 
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The oleaii\ed and perfectly dried fibre is then treated with acid. The acid nsed for the 
purpose is a mixture of one part of highly concentrated nitric acid, with three parts of concen- 
trated sulphuric acid. Much heat is evolved in the operation of mixing the two acids. The 
mixture must be allowed to cool before using it. Suitable quantities of acid liquor are placed 
in stone jars, ke^)t cool by immersion in water, and into these jars dried cotton is gradually 
introduced, in the proportion of 1 lb. of fibre to 15 lb. of acid, and left to soak for a period of 
48 hours. By the action of the acid a chemical change in the composition of the cotton is effected, 
the elements of the acid liquor, in the form of peroxide of nitrogen, being substituted, by chemical 
process for a portion of the hydrogen of the cotton fibre, and the fibre is thereby converted into a 
highly explosive compound termed guncotton. The chemical action does not destroy the texture 
of the cotton. 

After the uncombined acid liquor has been removed from the fibre as &r as practicable by 
means of a centrifugal drying machine of the usual description, the acidulated cotton fibre is thrown 
in small quantities at a time into a cascade of cold water, and is well washed to free the fibre from 
every trace of uncombined or free acid. 

A certain amount of care must be exercised during the process of immersing the fibre in the 
acid, as well as in the operation of sousing the acidulated material in the cascade of water. There 
is not the slightest danger of explosion in these portions of the operation, but without care and 
attention be bestowed, portions of the material are liable to be destroyed, with violent escapes of 
ruddy fumes produced by rapid chemical action. 

One hundred parts by weight of cleansed and dry cotton fibre, furnish about one hundred and 
seventy-five parts of pure guncotton fibre, weighed in a dry state. The acidulated fibre, or as it may 
now be correctly termed, the guncotton, is afterwards submitted for a considerable period of time 
to the action of a pulping machine, such as is ordinarily in use in paper mills. When the cotton 
fibres have been reduced to pulp of a proper consistency and degree of fineness, and every trace of 
free acid therein has been neutralized, the pulp is collected on strainers and conveyed to the granu- 
lating machine, or to the hydraulic presses, in case the pulp is to be formed into compressed charges 
or discs in place of being granulated. It is sent out mther wet or dry. In the former case it 
shoxdd contain 10 per cent, of moisture, and will require redrying for use unless exploded by a dry ^ 
primer of guncotton, or an excessively strong denotator such as a sextuple. 

Cotton powder or Tonite. — The guncotton used in the manufacture of cotton powder is 
crushed to a flour meal consistency ; this is next purified by being subjected in large vats to strong 
agitation by an air blast, while it is brought to a boiling point by a jet of steam, and a dose of 
carbonate of ammonia is tlirowu in the vat ; all the unstable nitrogen compounds are destroyed at 
that temperature, and the nitrous fumes so difficult of extraction by the old process are, by the 
aid of ammonia, reduced into their simple elements, nitrogen and water ; the water in the vat 
from a colourless state has now become dark brown. This operation takes three hours, and the 
guncotton is then quite safe for dry storage ; of course it is subsequently separated from the dirty 
water until quite clean. Nitrate of baryta has some properties which render it especially suited 
for nitrating guncotton, namely it is scarcely soluble in cold water, so when the charge dries it 
does not separate and distort the shape of the cartridge ; it also contains the largest amount of 
oxygen under the same volume. So that with the fineness of the guncotton and the density of 
the baryta, the charges of the cotton powder can be made to density 1 • 500 ; which it is claimed 
produces intense local action. The safety of cotton powder against blows or similar causes of 
explosion is illustrated by the fact, that whereas dynamite is usually exploded with seven grains of 
fulminate of mercury, it takes fully fifteen grains to ensure the explosion of cotton powder. 

Schultz’s Powder. — In Schultz’s powder, the cellulose is obtained from wood. The wood 
is first sawn into sheets, about in. thick, and then passed through a machine,' which punches it 
up into grains of a uniform size. These are deprived of their resinous matter by a process of 
boiling in carbonate of soda, and are further cleansed by washing in water, steaming, and 
bleaching by chloride of lime. The grains, which are then pure cellulose, are converted into 
nitro-eellulose in the very same way as cotton, by being treated with a mixture of nitric and 
sulphuric acids. The nitroKsellulose thus produced is subsequently steeped in a solution of nitrate 
of potash. Thus the finished compound is similar in character to nitrated guncotton. 

Nitre-glycerine Compounds. — Nitro-glycerine, the most powerful explosive used in 
industry, is formed by the action of nitric acid upon glycerine at a low temperature ; although the 
process of manufacture is very simple, still from the dangerous nature of the resulting product 
particular care is necessary, in order to conduct it without injury to those employed. The glycerine 
should be free from the adulteration oftersfound in it, such as fatty acids or British gum, and of 
the greatest specific gravity possible, say at least O’ 88. The nitric acid must be strong and very 
pure, having a specific gravity of not less than 1’45. As acid of this strength cannot ordinarily 
be obtained in the s^utet, it must be pr^ared for the purpose by careful distillation from sodium 
nitrate and sulphuric acid. Before it is* used the nitric acid is mixed with twice it% weight of 
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strong snlphuric acid. This does not take a direct part in the prodnction of nitroglycerine, bnt 
absorbs the water which is formed during the reaction, thus preventing dilution of the nitric acid. 

Liecke prescribes the following formnlae for manufacturing the three several preparation^ 
mono-nitro-glycerine, di-nitro-glyceiine, and tri-nitro-glycerine : — Mono-nitro-gtoerine; dissolve 
100 grammes of glycerine in 200 grammes of nitric acid, sp. gr. 1 • 3, and then adtt 200 cubic centi- 
metres sulphuric acid, the product should be C’WHjQ, pi-nitro-glycerine ; sulphuric acid, 

containing one equivalent of water, two volumes nitric acid, sp. gr. 1‘4 one volume, mix the acids, 
lower the temperature to 0° (32° F.) or below, and drop into it one volume pure glycerine, product 

Tri-nitro-glycerine; sulphuric acid 3'5 parts, nitrate of potash 1 part, cool to 

-18° (0° F.) produces KO + 4 SO® -t- 6 HO, from this the concentrated fuming nitric acid is 
separated by decantation, and being maintained at -18° (0° F.). 0'8 parts pure glycerine is very 
gradually added, producing C®H® 0 ’NO^\q 4 

2 NOO ■ 

The acids when mixed are placed togelher, in a receiver from which the mixture can be drawn 
as it is wanted. The apparatus employed for making nitro-glycerine on a comparatively small 
scale is shown in Figs. 619 to 621. A A are wooden troughs placed round a brick chimney D, 
and containing the earthenware pitchers a a, which hold the acid mixttu'e. On the shelf B are 
arranged bottles b b, which contain the glycerine. These are loosely closed by wooden stoppers 
with broad rounded tops, having holes through which indiambber tubes c c are passed, these 
tubes reaching to the bottom of the bottles, and carrying small glass nipples at their other end ; 
e e are conical wooden plugs, which are passed through the same holes as the rubber tubes. 6 is 
a steam pipe arranged on the shelves bb behind the glycerine bottles. The air main F passes 
under B, and carries on its 
lower side a number of small 
short pipes, two for each 
pitcher, to which the rubber 
tubes d d, which hang over 
the pitchers, are attached, 
and in these are inserted 
glass tubes long enough to 
extend to the bottom of the 
pitchers. In the elevation 
these tubes are out of the 
pitchers, but in the section 
they are in place as if in 
use. 

The troughs are made 
tight in order to contain 
ice water, with which the 
pitchers are surrounded. 

Partitions with openings at 
the bottom are arranged 
at the comers //of the 
troughs. These only contain 
water, and are convenient as 
affording opportunities for 
quickly emptying a pitcher 
into water, should this be- 
come necessary. In one 
comer of the trough is a 
pipe, from which the water may be drawn off into the escape I when the operation is finished. The 
pitchers are arranged on narrow wooden strips, which raise them some two inches off the bottom ; 
thus the cold water has full access all round them, and when in position they are well under the 
overhanging hoods C C‘. The hoods are flat wooden boxes, wide at the bottom but narrow at the 
top, where they fit into openings in the chimney D. At the lower part of the chimney a grate and 
fire door, not shown, is placed on the floor below. 

The charge for each pitcher is from 18 to 20 lb. of toe mixed acids, according to their strength, 
and when ready, all are set in place in the troughs, covered with glass plates and surrounded with 
ice and water, when they are allowed to stand until the acid in the pitchers has fallen to the 
temperature of the surrounding ice water, when the covers are removed and tile air tubes passed 

roug es in the hoods down into them, then they receive a strong current of air from a pump 
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driven by steam. The air current keeps the contents of the pitchers continually agitated, and is 
rendered perfectly dry by being drawn through sulphuric acid, whilst it is thoroughly cooled just 
before it enters the air main over the troughs. The glycerine in 2 lb. charges is then allowed to 
flow, and as eachinbe C C is a siphon, it is started by drawing through a glass tube in the Outer end. 
As soon as the glycerine 
runs freely, the auction tube 
is withdrawn and a fine 
glass jet is substituted for 
it, from which a stream is 
directed into the pitcher be- 
neath, Should the glycerine 
be too thick to flow easily, 
which occurs in cold weather, 
the bottles are wanned as 
much as mtiy be necessary 
by the steam pipe G. The 
glycerine, as it flows into 
the acid, is rapidly acted 
on and converted into nitro- 
glycerine, the reaction taking 
place being represented by 
C 3 H, O 3 -b 3 H N O, = C, 

H 5 Nj Og -f- 3 HjO, and is 
accompanied by a consider- 
able evolution of heat, which 
must be removed ; for should 
the temperature rise too high, 
the glycerine is oxydizcd and forms other substance. If the temperature is started at 0° (32° F.), 
it should not be allowed to exceed 9° (48° F.); and at 10°-13° (50°-55°) there is a great danger 
of firing taking place, hence the necessity for keeping the liquid in the pitchers cold, both by 
surrounding with ice-cold water and 
by means of the air current passing 
into the acid. The latter performs 
most important work, as by keeping 
the acid mixture in constant agita- 
tion, the heat which is generated is 
quickly diffused through the whole, 

, and prevents any sudden local rise of 
temperature. The glycerine is much 
lighter than the acid, and is liable 
to collect in little pools above it, 
and if these were broken up and a 
quantity of glycerine suddenly 
brought into contact with the acid, 
the action would be so rapid that it 
could not be controlled. This, of 
course, cannot take place if the 
whole mixture is kept in constant 
agitation. Therraometrical obser- 
vations are frequently made while 
the glycerine is running into the 
pitchers, and if the temperature is 
found to be rising too rapidly, the 
glycerine is then running too fast, 
and its flow is checked by pressing 
down the short stopper e, which 
slightly compresses the rubber 
tube, so that less liquid can pass. 

Should the temperature continue to rise the plug is forced tighter in, closing the glycerine tube 
altogether, when the flow is stopped and the contents of the pitcher cool rapidly. As soon as the 
proper degree is indtijated the plug is loosened and the flow again set up. If the limit of tem- 
perature is exceeded firing takes place, inflicated by copious evolution of red nitrous fumes and 
in extreme cases by flames. Usually when this action occurs it is easily controlled by stopping 
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the stream of glycerine and stirring the mixtnre vigorously, but if it is violent the vessel must be 
at once emptied into water. 

Acid and other irritating fames are given off in large quantities during the operation of conver- 
sion, and these are removed through the hoods into the chimney, which is in cominunication with a 
* fire, or other suitable means for causing a powerful draught, which draws all the fumes upwards and 

enable them to be discharged into the open air; the arrangement indicated on the plan is of course 
unimportant, and can be conveniently modified if required. As soon as the requisite quantity of 
glycerine has been run into the pitchers the conversion is complete, but the nitro-glycerine has to 
be separated from the large quantity of acid still remaining. This is almost entirely sulphuric, as 
the nitric acid has been nearly all used up in reaction. The nitro-glycerine is partly in solution 
and partly suspended in the heavy acid liquid. On diluting the acid the portion in solution is 
precipitated, and the whole of the nitro-glycerine settles to the bottom. 

rig. 622 is of the separating and washing apparatus. A large wooden tub A is sunk through 
the floor of the converting room; it is filled about three-quarters with water, and has a cover 
with a square opening in 
which is placed a leaden 
strainer; by means of a 
rubber hose connected 
with an air pipe a cur- 
rent of air is led to the 
bottom of the tub, and 
vigorously agitates the 
water in it ; the pitchers, 
when taken from the con- 
verting room, are emptied 
through the strainer into 
the tnb, when the acid 
liquor descends in fine 
streams and is diffused 
thiough water. 

When all the pitchers 
have been emptied tlje 
air pipe is withdrawn 
and a short time allowed 
for settling, the heavier 
nitro-glycerine collects 
at the bottom, so that the 
lighter acid water may 
be drawn off from above 

it, a wooden stop-cock 6 at the side of the tub, a short distance from the bottom, but above the 
level of the nitro-glycerine, serving to pass off the acid liquid by means of a short length of hose 
into the drain G; the nitro-glycerine is drawn off in small quantities into the washing tub B 
through the wooden cock k, which is fitted in the lowest part of the inclined bottom of A. 

The wooden tub B is lined with lead and supported by trunnions in a wooden frame c, the 
trunnions being placed just above the centre of gravity, so that the tub will --tand upright and yet 
be easily turned or inverted ; pipes D and E are provided with valves within easy reach of the 
workmen standing by the tub ; one is for water, and there is attached to it a short piece of hose, 
the other is connected to the air main, and has a length of hose sufficient to reach to the bottom 
of the washing tub. 

The portion of the nitro-glyce; ine having been drawn into B, the air hose is put in and a stream 
of water turned on, the air current causes a strong ebullition, raising the nitro-glycerine and 
spreading it through the water ; as soon as the tub is full the latter is turned of^ the hose removed, 
when in a few minutes the nitro-glycerine rapidly settles to the bottom, and the water may be 
poured off by turning the tub on its trunnions. This is repeated until the nitro-glycerine is 
thoroughly washed, when it is poured into a copper pail, from whence it is poured into earthen 
jars and allowed to stand covered with water until it clears ; it is then ready for use. The wash- 
water decanted from B falls first into the tub C, from which the water runs off by the siphon pipe 
F into the drain g. Thus any nitro-glycerine which may have floated or been accidentally poured 
into C has an opportunity to settle, and so be saved. With any apparatus such as that described, 
employing 24 pitchers, about 80 lb, of nitro-glycerine can be made in 5 hours, not including the 
«- time required for cooling the pitchers, which will vary with the season of thq^ear. 

In B^e larger works the apparatus is arranged u^n an extensive scale, in buildings built at 
different heights and separated from one another by embankments, so high that the top of each 
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coTcre the top part of the apparatus in the particular building it is designed to protect. The 
correct atomic quantities are weighed out into a large vessel called the mixing vessel, where the 
nitric and sulphuric acids are mixed ; they remain there for a considerable period until they cool 
down, so that w>en they are to be operated upon there is no room for any increment of heat by 
chemical development. When in this condition they are weighed oflF in the presence of the chief 
chemist, taken up an incline to a higher level termed the nitrating house, where they are mixed 
with the glycerine in a very large apparatus, where as much as 1500 lb. of nitro-glvcerine is treated 
at each operation. After the nitrating the explosive is allowed to flow downl^ gravity into a 
lower budding, which contains a large tank holding many tons of water, so that should the chemist 
be unable to control the action he may run the charge into the water, and by thus diluting it, 
stop the chemical action forthwith. The stirring or mixing arrangements are all effected by 
machine power, and so arranged as to be mechanically under the control of the operator in charge, 
who can adjust everything, so that neither quantity nor speed can be exceeded in any way. 

The process of washing is effected by means of compressed air, working at a pressure of from 
45 to 50 lb. on the square inch, and the whole of the contents of the large washing vessels are 
surged over and over again, an indeflnite number of times, through the vessel, so that every 
particle is repeatedly submitted to the purifying process. A portion of the charge having been 
decanted the chemist takes samples and testa them, with regard to their neutrality, by means of 
liquid litmus ; if a small quantity of it discolours a sample of the nitro-glycerine, the operation of 
washing is continued until little or no trace, if possible, of the acid remains. As soon as the 
process is satisfactory, the charge is allowed to run down by gravity into the final washing and 
filtering house, where it is treated with alkaline solution to nentialize any remaining acidity that 
may cling to the particles of nitro-glycerine ; it is usually then tested again, and the washing 
afterwards continued from 15 to 20 minutes longer. 

At the end of that time a final sample is taken and tested in the laboratory both for purity and 
neutrality ; when if satisfactory it is allowed to flow into a filter, which is a large oval vessel sufiBcient 
to contain nearly 3 tons weight. In the centre there is • cylinder with a thick blanket fastened 
over the end of it by copper hooks, for the purpose of allowing the mixture to drain down into it, 
so that no foreign matter of any kind may pass, and any aqueous substance that may cling to the 
nitro-glycerine, when decanted, does not usually percolate through the blanket, unless there is 
great carelessness on the part of the men who are attending to the process. The communication 
between the buildings is carried on by means of troughs, and it is not touched in any way by 
workpeople, until it has been absorbed in the inert base with which it it is mixed, and rendered 
commercially available. 

It has been practically very unsafe and inconvenient to use nitro-glycerine as a blasting agent 
unless it is mixed with some absorbent. It therefore forms the essential ingredient in a number of 
semi-solid mixtures, such as dynamite, lithofracteur, duolin, giant powder, rendrock, sebastin, and 
the like, which are of great commercial value ; of these the most important is dynamite, inasmuch 
as the best quality or No. 1 consists of 75 per cent, nitro-glycerine and 25 per cent. Meselguhr, 
the latter being a siliceous earth forming a fine white powder of infusoria, which has a high absorp- 
tive power, being capable of taking up from two to three times its weight of nitro-glycerine without 
becoming pasty. Artificial silica, prepared by precipitating it from a solution of sodium silicate 
by sulphuric acid, has been proposed and used with some success by W. N. Hill. The process 
of making dynamite is simple, since the nitro-glycerine is merely mixed with fine dry powder in a 
leaden vessel with wooden beaters, the kieselguhr having been burnt in order to destroy any organic 
matter which may be present. The explosive properties of dynamite are similar to those of the 
nitro-glycerine contained in it, as the absorbent is quite inert. It freezes at the same temperature 
as its nitro-glycerine, and when in this state it is exceedingly difficult to fire it ; it should only by 
thawed by placing it in a warm pocket about the person, or in a water bath, which may be readily 
extemporized if necessary ; dynamite is far safer than pure nitro-glycerine, as from its softness it 
will bear blows better, and so is therefore not so sensitive to percussion or to friction ; its firing 
point is the same as nitro-glycerine, and if it takes fire it burns with a strong fiash, leaving a 
residuum of silica. It must not contain an over-charge of nitro-glycerine as otherwise the latter 
will exude, especially if exposed to high temperatures, which have a tendency to render the nitro- 
glycerine fluid and less easily retained. In some works when weighed out into the quantities in 
which it is used, the cartridges are submitted to a slight pressure in a small machine, and those 
which show any signs of exudation are rejected. 

Eecently guncotton has been employed as an absorbent for nitro-glycerine, and it is claimed 
that in this form the explosive gives as goi^ results as the pure chemical itself ; a second quality 
dynamite is sometimes made, composed of nitrate of soda 69, paraffin 7, chareoal 4, and nitro- 
glycerine 20 per cent. ; or nitrate of potash 71, paraffin 1, charcoal 10, and nitro-glycerine 18 per 
cent. LithofeoteuiNs a mixture contai'^ng soda saltpetre 4, coal 12, kieselguhr 30, sulphur 2, 
nitro-glycerine 52 per cent. Duolin is a mixture of 30 fine sawdust, 20 saltpetre, and Sj per cent. 
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nitio-glyoerlne. A number of such mixtures may be made, as any dry powder may be taken as an 
absorbent, but they are of no special value, inasmuch as it is improbable that any useful effect 
is obtained from ingredients, other than the nitro-glycerine ; those containing such salts as nitrate 
of soda are objectionable from their liability to exudation. f 

In packing cartridges of dynamite for export the cartridges are separately rolled up in parchment 
paper, and are then packed into a cardboard box containing 5 lb. Ten of these are packed in 
black tarred paper fastened with cement, and the whole enclosed with a stout wooden box. 

Picrates.-Jfc’icric acid formed by the action of nitric on carbolic acid possesses marked 
explosive properties ; if heated it takes fire and bums rapidly without explosion, but all the picrates 
are exploded with violence by heat or blows. When u.sed as explosive agents, they are mixed either 
with nitrate or chlorate of potash. Chlorate of pot ish mixed with picrate of potash, the most violent 
explosive of the picrates, is very powerful, but so sensitive to friction or percussion as to render it 
practically useless ; with nitrate of potash instead of chlorate a less violent mixture is obtained, 
but one still sensitive to accidental explosion. A mixture of saltpetre and picrate of potash, either 
with or without the addition of charcoal, has been made in quantities for use in blasting, but its 
sensitiveness has led to many accidents, which prevent its general use. Picrate of ammonia has 
very different properties to those of the potassium salt ; when a light is applied to it it bums with a 
strong smoky flame, and it is not very sensitive to either blows or friction ; when mixed with salt- 
petre it may be used as a substitute for gunpowder. The picrate is prepared from picric acid 
and ammonia, the acid is dissolved in water and ammonia added to neutralization. This is 
repeated several times, and the liquid allowed to stand, when the ammonium picrate crystallizes 
out in large quantities, the crystals, drained and dried, are then ready for use. The mother liquid 
may be used for the preparation of several lots of the ammonium salt, until it becomes charged 
with impurities, when it may be otherwise treated, or thrown away ; in this way a considerable 
amount can be expeditiously prepared with little labour and without much loss. With the addition 
of a small quantity of charcoal to the picrate and saltpetre, a mixture may be made which, when 
carried through the usual gunpowder procasses, affords a powder of good grain, less hygroscopic than 
gunpowder, and possessing valuable properties as an explosive. 

Fulminates. — The highly dangerous and strongly explosive salts of fulminio acid are all 
called fulminates, with them are also classed the powerful and dangerous chloride and iodide of 
nitrogen and other similar substances ; the only two of these which are of any commercial value 
are fulminate of mercury and fulminate of silver, the former of which is almost exclusively used in 
the preparation of percussion caps, for fire-arms, and detonators for use with the nitro-glycerine 
and nitro-chemical compounds, such as dynamite, hthofracteur, tonite, guncotton, and the like 
Fulminate of silver being used in minute quantities for children’s toy cracks, pistol cracks, bon- 
bons and similar trifles. Fulminate of mercury is prepared according to the German method by 
dissolving 1 part of mercury in 12 parts of nitric acid, sp. gr. 1'375; to this solution 16'5 parts of 
absolute alcohol is added by degrees ; heat is then applied till the effervescence and cloud of gas 
disappears, when as the action becomes more violent, an equal quantity of alcohol to that before 
employed is gradually added ; the product affords 112 percent, of the mercury used. Another 
method is to dissolve by gentle heat 10 parts of mercury in 100 parts nitric acid, sp. gr. 1'4, and, 
when the solution has reached the temperature of 51° (130° F.), to slowly pour it through a glass 
funnel into 83 parts of absolute alcohol ; as soon as the effervescence ceases, and the white fumes 
are not evolved, the whole is filtered through double paper, washed through cold water, and diied 
over hot water at a temperature not exceeding 100° (212° F.), the fulminate is then carefully 
packed in paper boxes or corked bottles ; the product is about 130 per cent, of the weight of the 
mercury used. The latter method is the safest and cheapest, but in any case the manufacture is a 
very dangerous operation, and wherever practicable, fulminate of mercury should be kept damp, 
when it is practically harmless. When dry, its crystals are small and of a brownish-grey 
sparkling colour, it is soluble in boiling water, and deposits in pearly grey spangles as the solution 
cools ; a pint of boiling water will dissolve 67 grains of fulminate, it explodes violently both by 
friction and percussion, with a peculiar cracking noise, but only bums with a sudden flash when 
ignited unconfined in the open air ; commercial fulminate of mercury is usually largely adulterated 
with chlorate of potash. 

Composition for percussion caps and fuzes, used in the British service, is made from 6 parts, by 
weight, of fulminate of mercury, 6 parts of chlorate of potash, and 4 parts of sulphide of antimony. 
Another cap composition is composed of 12 parts fulminate of mercury, 26 parts chlorate of potash, 
30 nitre, 17 sulphur, 14 ground glass, and 1 of shellac varnish. Detonating composition for 
time fuzes, 6 parts chlorate of potash, 4 parts sulphidl' of antimony, and 4 parts of fulminate of 
mercury, this is damped with a varnish composed of 645 grains of shellac dissolved in a pint of 
methylated spirits, in the proportion of 24 minims to 100 grains of composition. In the manufacture 
of percussion caps, the copper blanks are cut out and stamped to the required/Shape from strips of 
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metal rolled to the required gauge, the blanks are then placed in a gun-metal plate with the eon- 
cave side uppermost. A tool, composed of a plate of gun-metal, in which are inserted a number of 
copper points, each of the same length, and so spaced apart as to exactly fit each point into a cap 
when inverted cjer a plate containing the blanks is dipped into a vessel containing the cap com- 
position, which has been previously moistened with methylated spirits, it is then removed, placed 
over the blanks, and a slight blow serves to deposit a small portion of the cap composition into each 
cap. A similar tool is then dipped into shellac varnish, removed and placed on the cap, when a 
drop of varnish from each of the copper points falls into the caps, which are then allowed to dry ; 
this is a very safe and efficacious method. 

In the detonators made in England by the Cotton Powder Co., the fulminate of mercury, while 
wet, is mixed with very finely ground guncotton and chlorate of potash, about in the proportion 
of 6 parts of fulminate and 1 part each of guncotton and chlorate of potash. 

The water in which the fulminate of mercury is usually stored, is first drained off and replaced 
by displacement by ether or alcohol, or a mixture of the two. WhUe the fulminate is stUl moist 
with ether, the guncotton and chlorate of potash are added, and the mixture well rubhed together. 
This compound is next distributed in the detonator shells standing in a &ame, and each detonator 
is put separately in a machine for pressing the paste. 

Figs. 623 and 624 are a vertical section and part front view of this machine, with various 
sections of the rotating table. 


62 r. 621 . 



A is the table turning with the vertical axis B ; this table carries a number of spindles C, cor- 
responding to the holes D, in which the detonators containing the powder are put for the purpose of 
being compressed. The spindles C are, in rotation, brought down into the caps by springs H, the 
motion being controlled by the oscillating disc E, which is kept at a fixed angle by the rollers P. 

By rotating the table A it is evident that all the spindles will alternately be depressed, as they 
travel towards G, and lifted as they travel towards B, so that the workman may stand in front of 
the machine without fear of any cap injuring him by explosion. There are other spindles below the 
holes D. As the table rotates the lower ends of these spindles come in succession against the 
periphery of the lifting wheel K, are lifted, and eject the loaded tubes from the holes D. 

This machine has received some modifications since its first introduction, and been so arranged 
that instead of one, a large number of detonators can be pressed at one time ; it is so surrounded 
with guards that any explosion taking place cannot possibly effect the operator, the detonators 
being also pressed whilst containing a certain per centage of moisture instead of dry, suitable 
means being provided for afterwards dispensing this moisture. 

Bibliography. — T. M. Smith, ‘Manufacture and Proof of Gunpowder’ (London: 1870); Govern- 
ment Eeport on Explosive Suhstances (London: 1874); G. M. Mowbray, ‘ Tri-nitro-glycerine ’ 
(New York: 1874)- W. N. Hill, ‘Notes on Explosive Agents’ (Boston: 1875); G. G. Andre, 
‘ Rook Blasting’ (London: 1878); E. De^brtiaux, ‘Truite sur la Poudre (Paris: 1878). • E. S. 
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feathers (Fb., Plumes ; Geb., Fedeni). 

The word “ feathers ” is applied in a comprehensive sense to the external covering, or plumage, 
of birds, without reference to the minor distinctions arising from the variety of form, and of 
industrial application, of the several portions constituting the whole. Feathers eoi^.ist of epidermic 
growths, in the form of homy sheaths, scales, or plates. The most complicated are those termed 
“ contour ” feathers, from their governing the outline of the bird’s body ; they are divided into the 
following parts (1) The main stem, or axis, composed of a proximal hollow cylinder, or “ quill,” 
containing a series of light, dry, conical capsules, imbedded, at its lower extremity, in the skin of the 
bird ; supporting (2) the “ vane,” which consists of (a) a four-sided solid “ shaft,” extending to the 
upper extremity of the feather, filled with a peculiar elastic substance termed “ pith,” slightly 
curved, of homy exterior, like the quill, most commonly single, but, in the case of some birds, 
supplemented by a second, usually smaller, “after-shaft,” bearing (6) a number of lateral processes, 
springing from both sides, consisting of plates, arranged with their flat sides towards each other, 
tapering to points at their outer ends, and known as “ barbs” ; these are again provided with tapering 
processes, termed “ barbules,” which are themselves sometimes serrated in a similar way. Contour 
feathers are generally arranged only in circumscribed patches, and are rarely distributed evenly 
over the body. The first plumage of birds is but temporary, consisting of bundles of long, loosely- 
barbed filaments, diverging from a small quill, and originally encased in a thin sheath, which 
crumbles away on exposure to the air. This covering of “ down-feathers ” is succeeded by the 
true feathers, a portion of the former being, however, retained. 

The economic uses of the various kinds of feathers depend upon the development of their 
respective parts ; and these features afford a convenient basis for the division of this article into 
the following heads : — Common Feathers, Down, Ornamental Feathers, and Quills. 

Common Feathebs. — One of the most common and wide-spread applications of feathers is for 
the stuffing of beds and cushions. The essential qualities are downiness, and absence of hard 
shafts : for this purpose, therefore, the feathers of water-fowl, and, in a lesser degree, of domestic 
poultry, are best suited. The feathers are plucked from the recently killed bird, most conunonly 
by hand ; but a machine, termed a “ pectoplume,” has recently been invented for the purpose. 
This consists of a table, on which the bird is laid, and of a wheel, whose periphery is provided with 
indiarubber'flngers or pickers, so arranged that as they come above the surface of the table, they 
pinch whatever they meet, releasing their burden as they pass below. The plucked feathers are 
assorted by the action of a current of air, the light ones being blown over a sliding lip into a 
receptacle, while the heavy ones faU into a trough. The machine is worked by a treadle, and is 
said to pick a fowl in about a minute. The feathers cast off by birds during the moulting season 
are equally serviceable, and, as they are then very easily removable by hand from the living bird, 
might be plucked and utilized in enormous quantities, whereas at present they are wasted, to the 
value of many thousand pounds sterling annually. Feathers having strong, stiff shafts may be 
rendered useful by stripping off the barbs. 

The bales of feathers, as received, contain much dust and sand, as well as animal germs, and coarse 
feathers. The removal of the first imparities is effected by beating with a stick (after drying), 
and shaking thoroughly in a sieve ; the vermin are destroyed by passing the feathers through 
highly heated rooms or stoves, which process also improves their appearance. 

A novel application of feathers is their conversion into a textile fabric, as carried on by Bour- 
guignon, of Donchery, Ardennes, Bardin et Fils, Paris, and others. The process adopted by the 
former is as follows : — The barbs of the feathers are first cut off by ordinary scissors, and are then 
placed in quantity in a bag, and subjected to a thorough kneading. In a short time, the mass 
becomes a homogeneous down, of great lightness, and is then ready for the ordinary felting process 
(see Woollen Manufactures). About IJ lb. of it will make 1 sq. yd. of fabric, which is warm, 
light, waterproof, and durable, and will take any dye. The material may also be woven with 
cotton and woollen yarns. According to a second plan, the feathers are placed on a feed-table, 
whence they pass under a drum, set with lateral steel knives, which break the feathers ; hence, 
they pass between three small rollers and a superposed fluted and chased iron roller, with a 
to-and-fro motion endwise, as well as a revolving motion, by which the reduced feathers are 
ground quite small, and, falling upon a travelling apron, pass on to a spiked drum, running 
within a cage, and destined to reduce any pieces which have escaped the rollers. The pounded 
feathers fall to the bottom of the machine, whence a fan removes them to a receptacle where 
they are mixed with wool in any desired proportion. Thence they pass to the carding and 
felting machinery. Bardin’s method consists essentially in the manufecture of a chenille 
from feather-barbs. The fibres or barbs of the feathers are first stripped from their stems; a 
thread of linen, cotton, wool, or silk, sized or not, is then stretched upon a table; and on it, 
feathers are laid transversely. A second thread is then stretched over the feathers and the 
first thread ; the two threads thus embrace the feathers transverse positioi^ and their respective 
extremities are attached or fastened. One of the joined ends of the two threads is then fixed to 
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tiie table, while the other is grasped freely by the hand, or by a crank, and twisted, thus 
completing the manufacture of the feather chenille. This chenille may be employed, single or 
doubled, for trimming ladies’ apparel, and for other purposes. To make a feather fabric, each 
twisted feather ^enille is employed as an ordinary weft thread, and passed through the warp of 
any material, by a weaving machine, taking care, by means of a comb or brush, to raise the barbs or 
fibres of the feathers out of the warp threads. In this manner is obtained a material furnished 
on the exterior with feather fibres, similar to fur or plush. This fabric is very soft. To manu- 
facture a feather fabric with a double face of feather fur, it is necessary during the weaving, 
when the twisted chenille is introduced into the warp, to raise or lift out above the warp, with a 
brush or similar instrument, a part of the fibres of the chenille, and to separate another part 
from beneath. By this method, is obtained a fabric furnished with feather fur on both sides, 
the warp being in the middle of the double feather fur. To give variety of appearance, feathers 
of different colours may be employed, and other filaments or materials may be naixed with them, 
especially when stuffs, rugs, and like products are made. The chenilles and feather fabrics may 
be subjected to the usual dressings and finishings if desired. 

Our consumption of feathers for upholstery has been computed at 700 tons annually, which 
figure is probably far short of the truth. Besides the large quantities produced at home, we 
imported in 1878, 20,602 cwt. of bed feathers, valued at 01,6791. ; this total was contributed as 
follows : — Germany, 6183 cwt. ; China, 5026 ; France, 3906 ; Russia, 2642 ; Italy, 820 ; other 
cormtrics, 2025. The greatest diversity of value is to be noticed in the imports from these countries, 
thus: — German, about 97s. a cwt. ; Chinese, 47s. ; French, 55s. ; Russian, 151s. ; Italian, 229s. In 
1877, Austria exported 24,293 metrical centners (of llOJ lb.) of feathers, valued at over 500,0001 . ; 
in 1878, the exports were 22,408 centners. Russia exported from Archangel, in 1878, 10 tons, 
valued at 6501., the whole of which went to Holland ; and from Revel, in the same year, about 20 
tons direct to England, increased to nearly 50 tons in 1879. 

Down. — The loose, soft, fluffy barbs, which are attached to the lower part of almost all feathers, 
are supplemented, in the case of many birds, by an “accessory plume,” the whole being generally 
known as “ down.” The growth is developed principally on aquatic birds, and is the secret of the 
superiority of their body feathers for upholstery purposes. Two or three species of water fowl 
are remarkable for the abundance, softness, lightness, and elasticity of their down ; these are the 
eider-duck, king-duck, and wild swan. 

The eider-duck (Anas moUissima) is an inhabitant of the Arctic seas and shores of both hemi- 
spheres ; throughout the open waters of the Arctic Ocean, the bird is very plentiful, and great 
numbers resort every year to breed on the coasts of Nova Zembla, Spitzbergen, Lapland, Norway, 
Iceland, Greenland, Davis’ Strait, Baffin’s Bay, Newfoundland, and Labrador. Less commonly they 
appear as far south as some parts of Sweden and Denmark, the Pseroes, Hebrides, Orkneys, Shetlands, 
and Farn Isles, also in Massachusetts Bay, and on the coast of Maine ; but the down yielded in 
these low latitudes is markedly inferior to that produced in colder climates, as might reasonably bo 
expected. In Iceland and Norway, eider-duck farming is a recognized and remunerative pursuit ; 
and the marine islands, and low-lying margins of estuaries, frequented by the bird — which is never 
seen on fresh water — are the object of special legislation. Nidification commences in May, and 
lasts for 6-7 weeks ; the nest is lined with down plucked by the duck from her own breast ; about 
4-6 eggs are then laid. The farmers remove a portion of both eggs and down, whereupon further 
supplies are furnished by the duck; the partial robbery is re-perpetrated, and again for a 
third time. The produce of the three harvests will scarcely reach 3 oz. of impure dirty-brown down. 
After the third abstraction, the drake contributes about lx oz. of whiter material, the removal of which 
will drive the birds away, while the former outrages are tamely submitted to. The gathered down 
is separated into different qualities, according to its specific gravity, by stirring it up with a stick in 
a sieve ; this at the same time eliminates the dirt. The yield of cleansed down is about half of the 
crude material. It is sewn up in little bags for export; and constitutes the most valuable and 
esteemed variety. The down of the dead bird is inelastic, and therefore valueless. 

The king-duck, found in great abundance on the coasts of Spitzbergen and Greenland, and in 
lesser numbers on the shores of Newfoundland, affords large quantities of down, second only to that 
of the eider in value, and indeed seldom or never distinguished from the latter in commercial 
circles. The king-duck does not appear to receive the same consideration as the more valuable 
eider. 

Heavy down, such as that afforded by swans, geese, and ducks generally, is employed for lining 
and stuffing winter garments. Real eider-down is more often used in bed coverlets, about 1 J lb. of 
it ordinarily sufficing. The industry hat been much injured by the introduction of cheap inferior 
down, whose quality may be estimated from the circumstance that the weight of the coverlet is 
increased threefold. The local value of Icelandic eider-down in 1876 was 20s. a lb. ; it is now 
about 9s. The eSport from Iceland in,J870 amounted to nearly 8000 lb. 

Obnamental Feathebs. — F eathers selected for ornamental purposes are of two kinds:— (1) 
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those manift^ng beant; and brillianey of colour ; and (2) those in which the barbnles are long 
and loose, giving beauty of form. Among the first class, are included the feathers, and even the 
entire skins, of a vast number of birds, principally natives of the tropics, which are not, however, 
systematically reared for the purpose, but rather hunted in a wild state. The^most important 
commercially are, perhaps, the marabouts (Leptoptilos argala, and L. javanica) of the E. Indies, and 
the various species of humming-birds, and birds of paradise. The second class embraces the 
ostrich and its alUes, and deserves fuller description, as .ostrich-farming is now an established 
industry. The present distribution of the ostrich (^Struthio camelus) is much more restricted than 
formerly ; yet, on the African continent, it is found from S. Algeria to the interior of the Cape 
Colony, wherever open country occurs. The differences observed between individuals from far 
distant places has given rise to opinions that more than one species existed in Africa, but these have 
been disproved. Once widely known in Asia, the bird is now to be met with only in Syria, in the 
Hauran, whence the skins are taken to Damascus, for despatch to MarseOles. The plumes of wild 
ostriches are said to differ in quality, according to the locality whence they are obtained ; those 
from well-watered districts are long and heavy, but stiff and ungraceful, from the thickness of the 
shafts; those obtained in the Kalahari, and adjoining districts, are shorter and lighter, and possess 
finer shafts, which allow the vanes to droop in a graceful curve. 

The countries of N. Africa stUl continue to furnish considerable supplies of ostrich feathers. 
The value of the plmnes aimually exported from Egypt is 150,000-250,000/. These are not pro- 
duced in Egypt, but come from Kordofan, Gezire, Darfour, Baghirmi, Wadai, and Somali-land, and 
a few from Arabia. They are brought on camels to the Nile, and come in barges up the river to 
Cairo, the great market for this merchandise. The African feathers which reach Egypt are classed 
in two divisions— “ Seunaar,” and “ Kordofan.” The former are thick, dry, and brilliant, and are 
often mixed with those from WadaL They are brought in by desert caravans to Kartoum, and there 
undergo considerable picking and sorting, which operations are repeated at several stages before 
arriving at Cairo; and this fraudulent packing is so skilfully done as to deceive inexperienced 
buyers. These feathers constitute about | of the total exported from Egypt ; about | of them are 
derived from domesticated birds, which are farmed by the Arabs, and yield a plucking every 
6 months. The Kordofan feathers resemble the graceful Barbary plumes in colour and quality. 
They are obtained entirely from wild birds shot in the desert, and are often brought by caravan 
direct to Cairo. The Arabian feathers, from the Temeni country, on the S. borders of Arabia, were 
divided into three classes — “ Aleppo,” the most perfect in grace, colour, and richness ; “ Hedjiaz,” 
or “ false Aleppo ” ; and “ Yemen,” distinguished by beautiful whiteness, and poverty of plumage. 
The two first are now almost unknown, and the last are so inferior as to be scaicely saleable. A few 
parcels of mixed Arabian feathers are shipped from Aden. The shipments from Egypt are by 
steamer from Alexandria direct to Marseilles, or by land. The exports of this article from Tripoli, 
in 1879, were value<.l at 235,000/. ; and from Bengazi, 25,000/. The feathers are brought to this 
port from Timbuctoo, Houssa, Bornou, and Wadai, the first being con.sidered the finest. They are 
entirely from'wild birds, and are brought usually in bulk by traders to Tripoli, and there sorted and 
packed for shipment to France, England, and Germany. From Algeria, wild ostriches have been 
exterminated by French sportsmen, but the colonists are commencing to farm them on a small scale. 
Numbers of feathers are also brought by caravan from the confines of the Sahara, via Tindoof 
Teezoon, Tarodant, and Wadnor to Mogador, where they are sorted, packed, and shipped; the 
shipments, in 1878, were 34 cwt. : 28 cases, value 15,000/., were for Great Britain ; and 8 cases 
value 4500/., went to France. The value of the feathers exported annually from Seneo-al is about 
2500/. ; they generally go to Bordeaux. They are brought from the Soudan, and the countries of 
the Senegal River, where the birds are both hunted and domesticated by the natives. The values 
of the exports from all Egyptian ports, in 1879, were ; — To France, 56,500/. ; Great Britain, 40 500/. • 
Italy, 2250/. ; Austria, 2000/. ’ ’ 

Ostrich-farming.— Ihe rearing of ostriches has assumed considerable importance, notably in our 
S. African colonies. The natural home of the bird is there found in the “ karroo ” plains and sweet- 
grass flats of the interior, and though it sometimes resorts to the long sour-grass of the coast, it will 
not thrive on the “ strand veldt,” or sour-grass of the sandstone ridges. This is explained by the 
fact that alkalies are essential to the health of the bird and the proper development of its feathers • 
and where care is taken to supply this deficiency, in the shape of food, less difficulty will be found 
in selecting a site for the farm. The country must be open, and the soil should be sandy in places. 
Opinions vary as to whether the birds should be confined in a narrow area, and fed by hand • or be 
allowed to run free over a large space, and pick up their own living. The latter plan seems to pro- 
duce feathers of the best appearance. The paddocks mutt be well fenced with loose stone walls 
or p<»t and wire fencing, about 4 ft. high. The number of birds aUowed on an acre may vary from 
30 birds on 8 acres, to 23 birds on 500 acres, according to the nature of the land, and the amount of 
fcmd artificially supplied. Shed accommodation must be provided, for the birds tq<oeek shelter in by 
night or durihg storms, and over-crowding must be carefullf avoided. The birds require water, and 
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are fond of bathing during the hottest season. In the matter of food, oonsideralfll latitnde is 
observed. For young birds, lucerne, thistles, herbs, and indigenous grasses sufiBoe ; as the season 
advances, these may be supplemented by fruit and grain (barley, maize, &c.). A mature bird will 
require 20 lb. o^lucerne, or 3 lb. of grain, daily. If necessary, lime must be supplied, in the form 
of bones, besides which, a little sulphur and salt should be provided. 

The birds are paired at the age of 5 years, one male being coupled with one or two females. 
Separate pens are provided for this purpose. Nidiflcation begins in July. Laying commences in 
August, and lasts for about 6 weeks, the eggs numbering 1 5-20 from each hen. If not removed for 
artificial incubation, the birds take turns in sitting on them, till they are hatched, in October. On 
taking away the young brood, the hen will lay again about December, but is then not nearly so 
prolific. It is seldom that the birds are allowed to hatch out their brood, much better results 
being obtained by the use of artificial incubators. The form of incubator most commonly employed 
is that devised by A. Douglass, of Hilton. It consists of a deal box, about 3 ft. square, open above, 
and resting upon a copper or zinc pan, 3 in. deep, and of the same area as the box. This pan con- 
tains hot water, the vapour of which ascends through suitable openings into the box above. The 
temperature of the water is maintained by an oil lamp burning beneath a portion of the pan, 
separated by a wall from the incubating room, to avoid the ill effects of the fumes upon the young 
chicks. The heat is constantly regulated by means of thermometers : the temperature of the box 
should be 39° (102° F.) when it receives the eggs; after 2 weeks, it is reduced to 37|° (100° F .) ; 
and, in 2 weeks more, to 36J° (98° F.). Incubation lasts for 42 days. The eggs are turned and 
aired, by opening the box and removing the blanket covering once or twice daily. A fortnight 
before the incubation is finished, the eggs are examined against the light, to ascertain how soon the 
hatching may take place ; and a week later, those containing weak chicks are carefully punctured 
near the small end, to assist the occupants in effecting their escape. The proportion of failures 
should not exceed 1 in 12; in natural batching, it amounts to 4 in 20. Another good reason 
for adopting artificial incubators is that the birds’ feathers are iu primest condition at the time of 
incubation, and that many of them get spoilt during the time when the birds are sitting. As soon 
as hatched, the chicks should be kept in a warm but well-ventilated coop, which may be con- 
structed of a box, containing a lot of chenille, or other warm material, hanging from the roof. They 
are fed at first on bread-crumbs, bran, and water ; on the fourth day, they may be let out during the 
day into a little enclosure made around the incubator, and may then have grain, bread, and green 
vegetables. They are taken in at night. Until 3 months old, mortality is great among them ; 
and even after that age, many break their legs, and have to be killed. 

The bird yields its first plumes at the age of 8 months, and continues to do so at intervals of 
8 months throughout its life, which varies, according to different authorities, from 8 to 100 years, 
but may probably average 25-35 years. The first feathers are small, and of little value. The 
^thering of the plumes is a delicate operation, performed either by plucking them out bodily, or by 
severing them near the base, by means of a sharp knife. The former plan was long the only one, and 
gives the greater weight of feather; but it is now generally superseded by the latter, as it often 
produces a kind of irritation fever in the birds. When cutting is adopted, the stumps require 
pulling out about a mouth or 6 weeks later, unless they have already been shed naturally. Neither 
method appears to cause the bird any appreciable pain. The operation is performed while the birds 
are placed singly in a padded crib, or are so densely packed as to leave no room for kicking. 

Ostrich-farming is being experimentally undertaken by the Acclimatization Society of Victoria, 
on the Wimmera and on the Murray Downs, and has quite recently been instituted iu South 
Australia. Many circumstances have had an unfavourable influence upon the results attained, so that 
these have not hitherto been encouraging ; nevertheless, the industry is being persevered in, and a 
parcel of the feathers sent to the London market were pronounced better than any from the Cape. 
Still more recently it is stated that African ostriches have been introduced into the Banda Oriental 
and the Argentine Eepublio ; it is intended to keep the breed quite distinct from the native Rhea, 
as crossing them produces a sterile race with inferior plumes. 

ClassificatUm, Value, and Uses of Ostrich Phones. — As the feathers are gathered, they are sorted 
according to their quality, the operation being generally entrusted to negroes. The best white 
plumes, known as “ bloods,” are only the tail, and primary wing feathers ; the black plumes are 
secondary wing feathers. The classification of Cape ostrich feathers, for London markets, are as 
follows: — (1) White; wUd: — bloods, fine; Prima, best; Prima, long usual; I. and II. mixed; 
seconds ; seconds and thirds mixed ; thirds ; tame : — finest quality, out quill ; Prima, usual ; Prima, 
ordinary defective tops ; seconds ; seconds and thirds mixed. (2) Femina : — light colour, good 
quality ; usual ; half-dark ; dark. (3) Bt#ks : — white, with black spots. (4) Boos : — tail feathers, 
white usual ; light fern. ; dark fern. (5) Black : — long and medium good ; medium and short ; 
short. (6) Deab : — grey, long and medium ; medium and short ; short. (7) Spadones : — ^whito 
and light fern. ; fets^; drab. The relative qualities of the feathers from different countries are in 
the following order, beginning with the^*best (1) “Aleppo,” from Syria ; the finest m plumage. 
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breadth, g^fce, and colonr; very rare; (2) “Barbary,” from Tripoli; (3) ‘‘St. Louis,” from 
Senegal ; (4) “ Egypt ” ; do not bleach thoroughly white ; (5) “ Mogador,” from Morocco ; (6) Capo ; 
as good in colour as “ Aleppo,” but of inferior quality ; (7) “ Yemen,” or (erroneously) “ Senegal,” 
from Arabia; plvunage thin and poor. Prices fluctuate somewhat, and range fym over 60/. a lb. 
down to a merely nominal figure. In spite of enormously increased production, the demand seems 
to keep pace with the supply, though the price has fallen somewhat. Wild feathers always sell 
more readily than tame ones, the reason being that the latter are much stiffer, and less graceful, have 
“galleries ” in the quill, and resume their stiifhess, even after dressing and curling. The principal 
application of the plumes is for the decoration of court and military dresses, ladies’ bonnets, 
hearses, &o. 

Before use, the plumes are either bleached or dyed. They are first washed in soap lather, 
rubbed well with the hands, and passed through clean scalding water. The bleaching of white 
feathers is performed in the following way. The feathers are first exposed to the action of sun and 
dew, for about a fortnight, are washed in a hot bath containing Spanish white — the softest and purest 
white chalk, — and are then passed through three clean waters ; next, they are blued by a rapid 
passage through a cold bath containing indigo ; after this, they are sulphured, by being suspended 
in a sulphuring stove ; and are finally hung upon cords to dry, being occasionally shaken, to open 
the fibres. A more recent process, invented by Viol and Duplot, is to immerse the feathers in 
resinous essences, such as turpentine, or in essential oils, at about 30° (86° F.), and to subject them 
to the action of light, for a longer or shorter period, according to the degree of decoloration desired. 
After this, they are finished in the usual way, by scraping the barbs with a blunt edge, so as to 
produce the much-admired curl. Dark-hued feathers, after being bleached by the last-named 
process, may he dyed almost any shade. Another method of bleaching is by a bath containing 
4-5 parts permanganate of potash in 1000 parts water ; a similar solution of sulphate of magnesia 
is added, and heated to 60° (140° F.) max. The previously washed feathers are put into the bath, 
taken out, rinsed, and passed through sulphuric acid at li°-3° Tw. 

Artificial Ostrich Feathers. — The Americans are said to be manufacturing large quantities of 
artificial ostrich plumes, the qniU being composed of celluloid, or rattan cane, and the barbs of silk 
waste. 

Other Plumes. — Besides the ostrich, there are many giant birds, belonging to the families 
Struthionidce and Apterygidce, possessing plumes of more or less value. One of the most important of 
these is the Ehea, or South American ostrich {Bhea americana), whose range extends from Bolivia, 
Paraguay, and S. Brazil, as far as the Straits of Magellan ; while two other species, Darwin’s Rhea 
(U. Darwint), and the long-billed Ehea (R. macrorhynca'), share with it portions of the same territory. 
The birds are at present ruthlessly hunted, and, a few years since, were being killed at the rate of 
300,000-500,000 per annum. Though, from their hardy nature and omnivorous habits, the birds are 
easily kept in confinement, little has yet been done in this direction. The feathers are collected 
chiefly in the Banda Oriental, Bahia, Blauca, Entre Bios, as well as Patagonia, and are shipped 
from Monte-Video and Buenos Ayres. The exports from Argentine ports in 1874 were ; — To the 
United States, 19 tons; France, 18 tons; England, 2 tons; other countries, 21 tons. Their value 
is put at about 4«. a lb., the male feathers bringing the higher prices. They enter European 
commerce as “ vulture feathers,” and the majority of them, the dark-greys, are made into feather- 
brooms. 

Imports of Ornamental Feathers . — Our imports of ornamental feathers, including ostrich plumes, 
in 1878, were as follows From France, 120,928 lb. ; British possessions in S. Africa, 78,947 ; 
British E. Indies, 23,313 ; Egypt, 12,394 ; Aden, 4946 ; Malta, 4485 ; Holland, 4346 ; Morocco, 
3083 ; Belgium, 1551 ; other countries, 8806 ; total, 264,799 lb., value, 1,002,902/. 

Quills. — The feathers of geese are almost the only ones whose quills are utilized; though the 
crow, swan, eagle, hawk, owl, and turkey, render occasional contributions. Quills for writing are 
obtained almost solely from the five outer wing feathers of the goose, the second and third being the 
best ; the direction of the curve of left-wing feathers gives them a preference. The feathers are 
taken in the spring from living birds; the quills of fattened dead birds are worthless for the 
purpose. For the manufacture of tooth-picks, and similar articles, however, such choice is not 
necessary. Writing quills are prepared in the following way : — In order to remove their greasiness, 
and pellicles of skin, and to render the quills hard and elastic, they are heated in a fine sand-bath, 
at a temperature of 54°-82° (130°-180° F.). This causes the inner skin to shrivel up ; the outer 
one is scraped off while the quill is still warm. While still soft and warm, the quill may be stamped 
with any desired device. Feathers which will not afford quills suitable for pens are ingeniously 
utilized in France. They are first thoroughly soaked in 'water ; a machine then removes the quill ; 
next, the thin homy layer covering the shaft, and termed brilliantine, is stripped off by a penknife, 
and, when dyed, is used in bonnet trimmings. The broad side of the vane is also removed by 
hand. The ^aft is then placed, small end foremost, under a roller that forces r? against a cutting 
edge, which removes the “ upper shaving ” of homy mateiW that divides the vane on one side ; a 
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similar operation is performed on the “ lower shaving.” These shavings are farther* shredded by 
cutting-cylinders, and are used, under the name of “ feather-bristles,” for brush-making, while short 
and waste scraps form stamens, &c., of artificial flowers. The soft, white, elastic pith, forming the 
interior of the ejfaft, is ground fine, and used for flocking wall-paper. Finally, the quills proper are 
thrown into water, and well washed to remove the outer skin ; next, they are cut into tooth-picks, 
by means of dies in a press ; and then placed in a wire basket, and agitated in water, to wash out 
the pith ; after which, they are dried, and made up into bundles. Quills are also largely consumed 
for holding the hairs of artists’ brushes, for anglers’ floats, as a covering for cigarettes, and for 
friction tubes. 

Feathers and feather manufactures will be included in the proposed Wool Exhibition at the 
Crystal Palace, in Juue-October, 1881. 

Bibliographij. — J. de Mosenthal and J. E. Harting, ‘ Ostriches and Ostrich Farming’ (London : 
1877). 

FIBBOTTS SUBSTANCES [derived from Plants] (Fb., Fibra Vegetates; Geb., 
Pfianzenfaserri). 

The “fibrous” portion of plants consists essentially of cellulose CgHmOs, a carbohydrate which 
shows great resistance to reagents that produce a marked effect on the other portions of plants. 
This resisting property constitutes the value of such fibres for the production of textile and other 
fabrics. The industrial application and commercial value of a fibre depend principally upon its 
physical qualities of length, strength, elasticity, firmness, and colour, and upon its capacity for 
taking dyes. The majority of these qualities are affected more or less by the mode of cultivation, 
the period of harvesting, and the method of preparation. 

The varying position of the fibres of different plants has given rise to a threefold classi- 
fication : — 

(1) Monocotyledons, or endogens, are plants which do not form a true bark, and which grow by 
virtue of a building up of tissue from within. These plants yield “ foliaceous ” fibres, imbedded in 
the cellular tissues and pulp of their roots, stems, and leaves, which fibres rarely attain sufficient 
development to be of commercial utility, except in tropical and sub-tropical regions, and may, in 
almost all oases, be separated by simple mechanical processes. 

(2) Dicotyledons, or exogens, are plants which do possess a bark, and whose growth is purely of 
an external character. Their fibres reside in the sheath of bark or bast, and hence are called 
“ cortical.” They are abundant in temperate climates. The fibres are in an agglutinated con- 
dition, held together by means of a tenacious gum, the removal of which necessitates special, and in 
some cases laborious, treatment. 

(3) In a few plants, the seeds are enveloped in a hairy covering within the pods ; these are termed 
“ seed hairs,” or “ capsular ” fibres. 

jEramm ifibn.— Having regard to the fact that many fibre-yielding plants still remain to be 
examined, and for convenience of reference to the characters of, and means of distinguishing, fibres 
treated of in a subsequent part of this article, instructions for conducting chemical and micro- 
scopical investigations, as suggested by Vetillart and others, may here be briefly given. 

The first step is the separation of the fibres from the remaining portions of the plant, which 
may be effected by boiling the sample in a solution containing 6 per cent, of carbonate of potash or 
soda. When the separation is accomplished, the sample is well washed, pressed, and dried. If the 
washing does not suffice to complete the disunion of the fibres, they may be bruised under water in 
a porcelain mortar, with a pestle of hard polished woo l. The separated fibres are then divided 
into three portions : — (1) For examination longitudinally, in neutral liquids ; these are at once 
placed to macerate in water and glycerine ; (2) for longitudinal examination, under reagents, are 
put aside to dry ; (3) for examination in transverse section ; this sample is straightened as well as 
possible, and then put to dry. 

A. — Of sample (1), some threads are taken, and placed on a glass slab under a microscope ; they 
are then bathed in pure concentrated glycerine, two or three entire isolated fibres are picked out, 
laid parallel, and moistened with sufficient glycerine to keep them in place. Care must be taken 
tliat the ends are intact, and the fibres entire. Their length is then estimated ; and the operation 
is repeated upon a number of samples. The mean length is, perhaps, most correctly stated as that 
which occurs the greatest number of times. 

B. — These fibres are next examined in neutral liquids haviug a refractive power as nearly 
as possible like that of the object itself, such as a solution of chloride of calcium, of the consistence 
of clear syrup, or glycerine, either alone 'Sr with the addition of a little camphor- water and a few 
drops of acetic acid. One or two fibres are laid in the liquid on a glass plate, being curled spirally, 
to diminish their length, and are covered with another thin sheet of glass. Repeated observations 
are then made aSvto whetlier the fibjjps are solid, or in flattened bands ; whether rounded or 
prismatic; whether smooth, or fluted, or striated; whether an internal cavity is visible, and 
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whether it is large, continuous, or interrupted. A number of measurements of the diameter of the 
fibres are then made, carefully noting the maximmn, minimum, and mean, and the degree of 
tapering or irregularity. 

0. — Sample (2) is next examined under reagents — iodine solution and sulphuric acid diluted 
with glycerine. The former is prepared as follows 1 grm. pure iodide of potassium is dissolved 
in 100 grm. distilled water, and an excess of iodide is added, to ensure constant saturation. It is 
kept in glass-stoppered bottles, always containing a few pieces of the iodide. The solution is 
liable to change at the end of a few months, and must then be renewed. The dilute sulphuric 
acid is thus prepared : — 2 volumes of pure concentrated glycerine (Price’s) are mixed with 1 volume 
of distilled water in a flask ; the latter is plunged into cold water to the level of its contents, and 
3 volumes sulphuric acid, sp. gr. 1 • 845, are added with constant agitation. This solution also under- 
goes gradual change by absorption of moisture, when a slight addition of acid becomes necessary. 

Some thoroughly dry fibres, in a complete state of division, are selected from the sample, and briskly 
rubbed between the fingers ; they are then placed on a glass plate on the object-holder, and covered 
by a few drops of the iodine solution. The latter is allowed to thoroughly penetrate the fibres, and 
the excess is removed by blotting-paper. The test is then covered with a small piece of glass, 
along one edge of which are poured a few drops of the sulphuric acid preparation. The liquid 
penetrates between the two glasses, and advances towards the other side, where slips of blotting- 
paper are placed to absorb it. The current is maintained for a little while, by occasionally adding 
a few drops of the acid, and renewing the blotting-paper. The result of this operation soon becomes 
evident in the distinct coloration of the fibres. Wherever cellulose is present, it assumes a blue or 
violet tint ; where the cellulose is lignified, or penetrated by foreign matters, it becomes yellow. 
This tint, which varies from bright-yellow to brownish-yellow, appears also in the fragments of 
tissue adhering to the fibres, and in the matters occasionally found in their inteiior cavity. The 
coloration must be clear and pronounced, and the fibres must be in perfectly sound condition ; 
when the results are imperfect, the sulphuric acid preparation may need strengthening. The blue 
colour will disappear in a few hours, and the yellow will not last beyond a day or two. The 
reagents occasionally disclose striations or transverse lines of deeper tint, generally arising from 
folds in the fibre, which afford additional characteristics. 

D. — Sample (3) is divided into transverse sections, perpendicular to the axis of the fibre ; these 
furnish the most precise indications of the form, structure, and thickness of the walls, of the fibres. 
Sufifioient fibres are taken to form a bundle about as thick as a goose-quill. About 1 in. of this is 
cut off, and tied in the middle by a thread. One end of the bundle is placed in thick glue, and 
then the other end, and both are pressed between the fingers, to ensure the close adhesion of the 
fibres, and to express the superfluous glue. The bundle is then hung up to dry, an operation 
requiring at least 12 hours in summer, and 24 or more in winter. When the mass is firm enough 
to bear cutting, it is divided by a razor into very thin sections, which give the best results when 
they exhibit the consistence of wax. Several examples should be taken from different parts of the 
sample, and especially from both ends of the fibres. 

E. — The sections are next examined in one of the neutral liquids before prescribed. If the 
glue does not dissolve in it, recourse may be had to boiling in distilled water. After drying 
between blotting-paper, the sample is submitted to the microscope, while lying in the neutral 
liquid. The fibres are occasionally flattened, and present an oblong section, which should be 
measured both ways. 

F. — The application of reagents follows. Into 2 or 3 drops of the iodine solution, is put 
some powder or fragments of the glued sample. In cold weather, the glass plate should be 
warmed, to facilitate the solution of the glue. 'The iodine solution should be absorbed gradually, 
and the powder should he spread as equally as possible. The excess of iodine is removed by 
blotting-paper, the sample is covered by a second glass, and the sulphuric acid is introduced, as in 
previous tests. Notes are made of the exterior form of the sections, the thickness of their walls, and 
the form of the central cavity. Some fibres appear to be composed of a compact and homogeneous 
substance, others have concentric coats, which assume varying shades of blue ; some present fissures 
or perpendicular striations on both the interior and exterior surfaces, and which seem to radiate 
from the centre ; some contain a yellow granular matter, while others are empty ; and some are 
bordered with a yellow line. 

G. — It is often useful to examine the fibres as they exist in the plant, to determine their position, 
relative abundance, and nature. Sections are taken of the fibre-yielding portion of the plant, which 
must be either freshly cut, or soaked in water. These are placed to macerate for several hours in 
a mixture of glycerine and water, and are then treated v^ith a few drops of concentrated glycerine, 
which penetrates them, and renders them transparent. 

H. — These sections may also be examined under reagents, in which case, they are not macerated 
in dilute glycerine, but in alcohol, in order to eliminate any resinous matter^they may contain. 
They are then dried, before the treatment with iodine. 
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Hie foregoing tests are intended for distingnishing the fibres of one plant fix>m those of another. 
They will be repeatedly referred to in subsequent portions of this article. To discriminate between 
vegetable fibres and animal fibres (see Hair, Silk, Wool) the following observations will suffice : — 
Vegetable fibres, heated in solutions of alkalies or acids, swell up, dissolve, and decompose into 
glucose or grap^ugar. They burn readily, and with a flash. 

Animal fibres, boiled in solutions of caustic alkalies, swell up, dissolve, and decompose with 
evolution of ammonia. They carbonize with difficulty, and only on continued application of heat, 
and emit an odour like burning horn or feathers. 

A ready method of estimating the proportion of fibre (cellulose) yielded by a plant, is to 
macerate it, for some hours, in water ; crush it, by passing it between wooden rollers ; subject it to 
the action of a weak (6 per cent.) solution of carbonate of soda, and then to steam at a pressure 
of 4-5 atmos., until the cellulose is extracted as a yellowish-brown mass. This is a preliminary 
test of the value of a plant for paper-making (see Paper). Several other methods are described by 
Bevan and Cross, in their paper mentioned in the Bibliography at the end of this article. 

Fig. 625 shows an apparatus for determining the resistance, elasticity, and torsion, of fibrous 
threads. The clasps n receive the ends of the thread ; they may be twisted or untwisted at will. 



and be moved either towards or from each other ; H B is a graduated dial-plate, the needles of 
which indicate tlie number of turns per unit of length ; D is a dynamometer, with a needle L, 
movable imder the influence of the traction ; p, a constant weight ; M, the handle by which the 
traction is exerted upon the thread. 

Having treated of vegetable fibres generally, it now remains to enumerate such as are already 
known, and to point out where they will grow, how they are prepared, and to what purposes they 
are or may be applied. 

Abroma augusta — Devil’s Cotton. — Exogen ; perennial ; small tree. A doubtful native 
of the interior of the Indian peninsula, flourishing in gardens up to 30° N. lat., and eastwards to 
the Philippines. Grows well and quickly, and yields 2-4 crops yearly of bark fit for peeling ; 

3 trial cuttings gave 271 lb. of clean fibre. The bark is separated from the shoots by maceration in 
stagnant water for 4-8 days in summer; in the cold season, a three times longer steeping is 
necessary, and greatly weakens the fibres. The latter are naturally white and clean, and require no 
dressing ; they are about Jg stronger than Crotalaria juncea (Sunn hemp) — say 74 lb. : 68 lb. — and 
are much more durable in water. Used locally, as substitute for hemp, in cordage ; equal to jute 
for pajwr-making. 

Abutilon Avicennse [Sida Abutilon] — American jute.— Exogen ; herbaceous 
annual. Now become a troublesome and hardy weed of the Middle States of America. The plant 
is being recommended for cultivation, as yielding a fibre which may be applied to aU the purposes 
for which jute is now so largely imported into America. The seed is to be sown broadcast on rich 
soil, and to receive plenty of manure, when the yield is confidently expected to be 4-7 tons of dry 
stalks to the acre. 

A. indicum [Sida indica, S. populifolia] — Country maHow. — Common in most 
parts of India, and in Burmah. Stem yields a strongish fibre, fit for rope-making, and occasionally 
applied to that purpose in the Bancoorah district. 

A. oxycarpum is a shrub of various parts of New South Wales, Queensland, W. and N. Australia ; 
yields a textile fibre. A. poli/anJrum on the Ndgiri Hills, and about Nundidroog ; yields a long, 
silky, hemp-like fibre, suited for ropes. The fibres of A. venosum, A. amplum, A. auritum, A. molle 
A. striatum, are utilized in S. Africa, Brazil, Australia, and the E. Indies. In Algeria, A. indicum 
is extensively cultivated. 

Acacia leucophlsea — Panicled acacia. — Exogen ; tree. Found in Sholapore, on the 
Coromandel coast, in, Ceylon and in Burmah. The bark is macerated for 4-5 days, and beaten ; * 

it yields a tough, strong fibre, used locaU^ for making large fishing-nets and coarse cordage. 
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Adansonia digitata — Baobab or Monkey-bread. — ^Exogen ; tree. Native of W. Africa, 
notably about Sierra Leone, Angola, Loando, Senegal, and Inner Africa ; long been naturalized 
in India, but found only in two districts of Bengal — at Hazareebaugh, scarce, and at Nowgong, 
wild. Two acres have been experimentally cultivated at Calcutta. The fibrous bark is obtained 
in the following manner: — The hard outer bark is first chopped away all roufl the tree, after 
which the inner bark is stripped off in large sheets. These are beaten soft with sticks, and shaken 
to remove the pithy matter. The fibres are then dried in the sun, and pressed into bales for 
shipment. Small trees produce finer and softer fibres than large ones. They are said not to 
suffer much injury from the treatment, and to replace the bark in 6-8 years ; but this appears very 
doubtful. The fibres are very strong, and are used" by the Africans for making rope, twine, and 
sacking. In India, they are in repute for elephant ropes. Quantities of the bark have been 
imported into this country from Portuguese W. Africa, and met with ready sale to paper-makers, at 
9i.-15t. a ton. It produces an exceedingly strong paper, suitable for baiik-notes, and has, on this 
account, received much attention ; but the very slow growth of the tree, and the careful cultiva- 
tion and shading it requires while young, render it a very precarious sonrce of paper fibre, under 
these conditions. On the other hand, it seems to coppice well, sending up shoots of 10-12 ft. in 
height in a year. It is suggested that, when the trees have reached a fair size, they should be 
coppiced annually, after the manner of osiers. 

Agave americana — Century-plant, Mexican or Spanisk aloe (Fb., Pite, aloes ; Mex., 
PUa, Maguey). — Endogen ; 24-36 ft. Indigenous to all parts of tropical America, from the plains to 
10,000 ft. ; now naturalized in S. Europe, Mauritius, Algeria, throughout India, and the Pacific 
Islands. The plant requires about 3 years to come to perfection, but it is exceedingly hardy, easy 
of propagation, very proUfic, and grows in arid wastes where scarcely any other plant can live. It 
perishes after inflorescence, which does not occnr till the 8th-20th year, but it then sends up 
numerous shoots. In Mexico, 5000-6000 plants may be found on an acre. The average number of 
leaves is 40, each measuring 8-10 ft. long and 1 ft. wide, and yielding 6-10 per cent, by weight of 
fibre. The culture of the plant is being extended in America, but not in the proportion which its 
value deserves. In India, it is all but neglected ; it grows wild in many parts, and is sometimes 
cultivated as a hedge-plant, but its fibre, seldom and badly prepared, is harsh and brittle, though 
of good colour. Care would effect great improvements. 

The native methods of preparing the fibre are very primitive (1) The leaves are cut, and 
steeped in water ; then beaten with sticks, and rubbed with stones, or scraped with shells or wooden 
blades, to remove the non-flbrous portion ; and finally washed, and bleached in the sun. This 
plan causes stains, and a tendency to rot, and thus reduces the value of the fibre. (2) The leaves 
are out, and deprived of about 6 in. of the pointed end ; then well beaten or bruised with wooden 
mallets on a smooth surface of stone or wood, tied in bundles of 4 leaves, and laid in heaps to 
ferment. The beating removes much of the sap ; and the fermentation helps to loosen the fibre, 
without damaging it. When the heat has subsided, the bundles are thrown into water, and steeped 
for about a fortnight ; after washing, the fibre appears clean and white. It is then dried, shaken, 
and packed. 

The process of retting has been proved injurious to the fibres of all endogens, and mechanical 
contrivances have been invented for separating the fibres from the leaves of the agave, and similar 
plants. In employing the machines described below, an abundant supply of water is a matter of 
great importance, as its copious use expedites the process, and ensures a fibre of good colour and 
strength. The leaves should be cut before they are over-ripe : it is preferable to cut them too soon 
rather than too late, as over-ripe leaves produce coarse fibre of inferior colour. They should be put 
through the first process immediately after they have been cut, as the longer they are allowed to 
lie before crushing, the more difficult is the separation of their fibres. 

Fig. 626 represents the crushing machine. It consists of a cast-iron framing a, in which are 
placed two vertical iron rolls 6, slightly conical, and having their surfaces lightly grooved, to 
facilitate the gripping of the leaves. One roll revolves in fixed bearings ; the bearings of the 
other roll are fixed in a sliding frame, the centre of which works in and out of a hollow trunnion, 
in which is placed a strong volute steel spring, which can be set by a hand wheel d, so as to regulate 
approximately the elastic play given. Both rolls are driven by gearing fixed in the bottom part 
of the framing of the machine, the wheel which drives the sliding loll being set free to move 
backwards and forwards on the driving shaft, by means of a feather on the shaft. 

The leaves are passed singly edgeways through the rolls, and the pressure thus applied squeezes 
out the juices and uon-fibrous parts. Two water-taps e are fixed on the framing of the machine, in 
such a manner that each side of the leaf has a jet of water applied to it at the moment of pressure> 
in order to wash away the juice, &c., which exudes; below the rolls, is a copper guard, which 
catches the water, juices, &c., and conducts them into a drain beneath the machine. 

With leaves of small growth, one passage through the machine will ordinarily suffice, but it is 
advisable to pass leaves of luxuriant growth through f second time; they^may now be passed 
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through in hnndles of 2-3, as the pressure is then more effective, and is less liable to damage the 
fibre. Between the first and second passages, the leaves .must he well washed, and not allowed to 
lie long, otherwise the fibres will be stained. Immediately after leaving the crushing-machine, 
the leaves must be thoroughly washed, squeezed by the machine hereafter described, and then taken 
to the sctaping-aiachine. 

626 . 



This is illustrated in Fig. 627. It consists of an iron drum, revolving at a high speed 
between two iron fiames, the whole being covered in with a sheet-iron casing. At each side of 
the framing, is an opening for the admission and exit of the fibre. Inside the casing, are two 
curved wooden shields, which, by means of two levers b, and two treadles c, are brought nearer 
to or removed farther from 
the periphery of the drum. 

The levers actuate the upper, 
whilst the treadles act on the 
lower, ends of the two shields. 

Their position can thus be 
regulated, according to the 
work to be done. When used 
as a scraping-machine, the 
periphery of the drum is fur- 
nished with a series of hard 
wood scrapers, or blades, 
fixed in holders with a pack- 
ing of indiarubber, in order 
to render elastic the blows of 
the blades on the fibre. The 
machine is made wide enough 
for two men to work at the 
same time. They stand in 
front of the machine, one 
inserting fibre through the 
opening on his right, the 
other through the opening on his left. The workman introduces the leaves through one of the 
side openings, allowing them to rest on one of the curved shields or aprons ; he then fastens 
the other ends of the leaves, by twisting them round one of the two hooks d. In order to scrape 
the leaves, he raises one of the levers b, which has the effect of bringing one of the curved 
shields, and with it the leaves, up to the scraping-blades, which, revolving at a high speed, 
strike theJeaves gently but effectually, and remove all their non-fibrous parts. When the upper 
part of the exposed leaves has been well scraped, one of the treadles c is depressed, which brings 
up the lower part of the shield, and thus^xposes the ends of the leaves to the action of,the blades. 

3 N 
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When the scraping is Complete, the lever and treadle are released, the leaves are vritlidrawn, and 
their position in the machine is reversed, the part already scraped being now twisted ronnd one of 
the hooks d. By a little manipnlation, every part of the leaf is fully exposed to the action of the 
blades, and thoroughly scraped. When used as a scraping-machine, an arrangement is applied 
inside the firame, by which the refuse material scraped from the leaves flies off theiJjlades on to the 
ground beneath and in rear of the machine. With some leaf fibres, scraping is unnecessary. If the 
outer skin of the leaf is soft and tender, and if the non-fibrous part is mostly j nice, crushing, washing, 
and squeezing suffice to extract the fibre from the leaf ; any small non-fibrous particles which cling 
to the fibres, even after washing and drying, are effectually removed by brushing. 

After leaving the scraping-machine, the fibre is again washed, 2-3 times, according to the growth 
of the leaf, the state of the fibre, the supply of water, and the cost of labour ; the more thorough the 
washing, the better the colour of the fibre will be. The washing is best carried out in shallow 
troughs, or in a stream having a depth of 12-24 in. A supply of clean running water is of very 
great importance. The fibre is held by one hand, and violently agitated in the water, whilst the 
other hand removes any leaf still adhering to it ; a small wooden blade, about 12 in. long, much 
facilitates the operation. Several machines have been constructed to wash the fibre mechanically ; 
but their use is attended with certain evils and expenses. As a rule, where the agave and kindred 
plants grow, labour is cheap, and therefore it is better and more practical to wash the fibre 
by hand. An additional advantage which hand-washing presents over machine-washing is the fact 
that some leaves need much less washing than others. In machine-washing, iill leaves must be 
washed alike. 

Between the washings, the leaves or fibre should be passed through the squeezing-machine, 
shown in Fig. 628. It is constmcted like an ordinary mangle or wringing-machine ; the rollers 
are very strong, the top one 
a being convex, and the 
bottom one 6 concave, so thaf 
the expressed juice and 
water have a tendency to 
flow towards, and to drop 
off, the middle of the rollers. 

The fibre should be put 
through the squeezing-ma- 
chines in hunches of several 
leaves, so that the pressure 
may be more elastic. When 
thoroughly clean, the fibre 
should be dried, by prefer- 
ence in the open air. The 
best mode of drying is to have 
lines, about 2 ft. apart and 
2| ft. above the level of the 
ground ; the fibre is laid on 
these lines in the sun, air 
circulates beneath, and the 
drying is soon effected. 

When half-dry, the fibre is 
turned over, so as to expose 
all parts equally. 

The thoroughly dry fibre 
may be stored until a conve- 
nient time arrives for finish- 
ing it, or it may be finished at once. The latter plan is far preferable, as delays frequently involve 
stained or inferior coloured fibre. Great care must also be taken to keep the fibres parallel to each 
other, as when they lose their parallel position, and become entangled, every succeeding operation 
causes a loss of long fibre, and an increase in the percentage of waste fibre ; in addition to this, the 
blades of the scraping-machines, and the brushes of the brushing-machines, need more frequent 
repairs and renewals. 

The finishing process is very simple. The scraping-machine (Fig. 627) is again brought into 
operation, the wood scrapers being removed, and their places on the periphery of the drum being 
filled by brushes of kittool or other brush material. Ifhe fibre is fed into, reversed, and removed 
from, the machine in exactly the same manner as already described in the scraping of the leaves. 
The effect of brushing is to free the fibre from all extraneous matters, and to brighten it. When 
used as a j)rushing-machine, a small fan is fixed inside, at the bottom of ,the framework ; this 
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collects the dust, &o., and drives it out through the opening e. At /, is a small door or shutter 
opening outwards ; on the inside of this, is fixed a comb, which, when the shutter is closed, comes 
into contact with the brushes, and clears away the tow or short fibre which may adhere to them. 
The shutter is opened from time to time, and the comb is freed from the accumulated tow. 

In some districts, where the leaves are of very rank growth, and the fibres are long and coarse, it 
is advisable to pass the dry fibre through a breaking or softening-machine, before brushing. Several 
of these machines are illustrated and described under Linum usitatissimum (Flax). After being 
brushed, the fibre is made up into hanks, and packed into bales by means of a hydraulic press. The 
most practical way is to have a wooden box fixed in the press ; one side and one end of the box are 
constmcted to let down. It is filled with banks of fibre, and when these are pressed into a bale, 
and secured, the side of the box is let down, the bale is rolled out, and the box is refilled with 
hanks of fibre for the following bale. 

The machines described above are made by Thos. Barraclough, of Manchester, who was good 
enough to furnish the drawings which illustrate them. They can be driven by steam, water, or 
cattle power ; a gear suitable for 2 horses, or 2-4 bullocks, suffices to drive a small set of machines, 
viz. one crushing-machine, one squeezing-machine, and two scraping-machines, being that portion 
of the set which is used diaring the time the leaves are being cut. The same gear is afterwards 
used for driving the two 
scraping - machines, trans- 
formed into brushing - ma- 
chines, and the softening- 
machine (where required). 

The squeezing - machine is 
also made to be worked by 
hand. The hydraulic pumps 
for the press can be easQy 
worked by hand, in the ab- 
sence of steam or water 
power. 

Fig. 629 shows a section 
of the leaf of the plant, mag- 
nified 100 times: a, flbro- 
vascular bimdles, coloured 
yellow by test H, described 
at the commencement of this article ; b, centre of the bundle, containing large ducts, and tissue in 
course of formation ; o, parenchyma. Fig. 630 shows the fibres, longitudinally and in section, 
under test F : a, section of a bundle of fibres, the shaded portions of which are coloured light- 
yellow, the outer riug dark-yellow; b, a fibre, coloured yellow ; c, ends of fibres, also coloured 
yellow ; mag. 300. The fila- 
ments are large, white, 
glossy, very light, stiff, and 
tenacious ; they separate 
easily on rubbing. The iso- 
lated fibres are short and 
thin-walled, and have a 
large central cavity. They 
swell towards the middle, 
and terminate in blunt 
points, as shown ; sometimes 
they are lobed or bifurcated. 

The thickness of the walls 
varies greatly in different 
parts of the same fibre. The 
exterior surface is often un- 
even towards the point. The 
lengths are max., 0 • 1375 in. ; 
min., 0-059 in. ; mean, 

0-0984 in.,- the diameters are max., 0-0013 in.; min., 0-00078 in.; mean, 0-00098 in. The 
length of the fibre varies from 3 to 7 fH ; the colour of the commercial article is white 
to straw-colour. Its main faults are the stififfiess, shortness, and thinness of wall of the 
individual UBles, and a liability to rot ; but these are greatly reduced by the crushing of the 
fibres in the above-described machines, so as to liberate the interior viscid juice. The breaking 
strain of a rope of this fibre has been Anted at 270-362 lb., as against Kussian ^emp at 
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160 Ih. Its uses axe varioiis. In its native* -comitries, it is applied to the mannfaotnre of ropes, 
twine, fishing-nets, hammocks, &c. It is exported for admixture with Manilla hemp {Musa textSis'), 
for all kinds of cordage. Bleached and dyed, it is made into matting and imitation horsehair 
cloth, with good effect. The short fibre separated by the processes described above, may also be 
carded and spun ; while the waste is an excellent material for strong wrapping an6 envelope paper. 
The fibre, exposed for 2 hours to steam at 2 atmos., boiled in water for 3 hours, and again steamed 
for i hours, lost 5 '55 per cent, of its weight, as compared with Manilla hemp, 6'07 ; phorminm, 
6'14 ; hemp, 6 -18-8 '44. Some slips of sized paper, weighing 39 gr., made from this fibre, bore an 
average weight of 89 lb., as against Bank of England note pulp, 47 lb. It is the most highly 
approved of all paper fibres, making a strong, tough, smooth paper, which feels like oiled paper, and, 
even while unsized, may be written on, without the ink running. Its price is governed by that of 
Manilla hemp, being generally 71.-101. a ton less than the latter. With proper care in the prepara- 
tion, this difference should be much reduced. The fibre prepared in India is harsh and brittle, 
though of good colour ; it is not met with in commerce. 

A. sisalana — Sisal or Grass hemp (Mex., Sosquil; 0. Amee., Cabuya ; Ycc., Eeneguen ). — 
^ This species of agave has many features in common with the preceding. The chief home of the 
plant is Yucatan, but it is a native also of Mexico, Honduras, and Central America, and has been 
successfully introduced into Florida. It has likewise been recommended for culture in Yictoria. 
In Yucatan, two varieties are distinguished — ^the yashqui, producing the better quality ; and the 
sacqui, yielding the greater quantity. The cnltivation of the plant is very simple. The land 
selected is stony and dry. The young plants, 2-3 ft. high, are set out atout 12 ft. apart, and 
weeded twice yearly. In 4-5 years, the lower leaves are cut off, the operation being repeated 
annually for 10 years and upwards. At intervals of 2 years, 5-10 new shoots are thrown up; 
one of these is left to replace the parent stem, while the others are removed to form new plantations. 
The leaves measure 2-6 ft. long, and 4-6 in. wide. The annual yield of dean fibre is about 1 ton 
an acre. 

The native mode of preparing the fibres is to scrape away the pulp firom each side of the leaf, 
by means of a triangular strip of hard wood, with a sharp edge, working against a board. Washing 
and sun-drying complete the operation. The process is well suited to preserve the fibre, but it is very 
slow, the yield being only 5-6 lb. a man per diem. Beating the leaves, steeping them in an alkaline 
solution, or retting them in water, and hackling or combing the fibres, have been unsuccessfully 
attempted. The machines described for the preparation of the fibre of Agave amerioana (p. 913), 
and of Ananassa sativa (p. 917), are equally well adapted for this. Special machines also have been 
introduced. One of these, known 
as Patrullo’s, and made by E. H. 

Allen and Co., New York, is shown 
in Fig. 631. The thick end of the 
leaf is first inserted, while the other 
is held by the grip a; the brass 
scrapers 6, affixed to the periphery 
of the wheel c, remove the pulp 
from that portion of the leaf. The 
latter is then turned round, the 
clean end being twisted around the 
T -piece d, which holds it securely. 

The machine is covered by a wooden 
hood when working. It requires 
2 H.-P., and should have a velocity 
of 120-150 rev. a minute. The 
out-turn of clean fibre is about 350 
lb. a day. Four hands are employed : 

2 cleaning; 1 carrying away the 
pulp, or bagasse, as it is called ; and 
1 drying the fibre. The two last 
may be boys. The bagasse is used 

as cattle-food, and would perhaps make inferior paper. The fibre is sun-dried for about 4 hours, 
and is then pressed into bales, usually 3 ft. by 2 ft. by 2 ft., and weighing 300-400 lb. The bulk 
of the fibre is consumed by the United States; this amounted, in 1876, to 41,500 bales; 1877, 
51,400; 1878, 48,645; 1879, 65,142. New York is(,the chief importer. Small quantities are 
shipped to Bondon, Liverpool, and Hamburg. The exports, in 1879, from Progresso, Yucatan 
were expected to reach 70,000 bales, of 600 lb. The market value is regulated b5"-ihe price of 
Manilla hemp ; being somewhat weaker, it brings 51.-101. a ton less. London prices fluctuate 
between tOl. and 30i. a ton. Its sole commercial appVcation seems to be tor the manufacture of 
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cordage ; locally, its use is extended to mats, hammocks, and coarse sacking. The finest twine is 
made from it in Merida, Yucatan. 4^ 

A vivipara [Fourcroya Cantula] — Bastard aloe. — This species is common in theU.W. 
Provinces of India, and it, or a very closely similar variety, is found in America, from Virginia to 
Florida. It grows often in clusters, and is reproduced by seeds, which are said to vegetate on the 
branches till the stem dies, when the young plants fall and take root. In India, the leaves are 
made to yield their fibre by retting them for 20 days, and then beating them on a plank, and 
washing well. The fibre is reported strong and useful, and is used for making mats, ropes, and 
twine, finding a ready local sale. 

Aloe sp. div. — Endogen. A. ferox in Natal, A. vulgaris and A. succotrina in S. Europe, Asia 
Minor and S. Aflrioa. In the Zambesi country, the natives extract a good fibre, called konge, from 
the leaves. 

Ampelodesmos tenax — ^Diss. — Endogen. This plant grows wild on the Algerian coast, 
over an area of 250 leagues, and is said to yield 84 per cent, of fibre. The plants are crushed, and 
steeped in Umewater for S-4 days, and in an acid solution for a like period. The fibres are thus 
disengaged ; they are then beaten under water. The average length of the fibre is placed at 
nearly 5 ft. ; and its cost, at 4s. &d. a cwt. It is applicable to the manufacture of paper, and, it is 
said, to that of coarSe fabrics, and cordage. 

Ananassa sativa [Bromelia ananas] — ^Pine-apple (Fb., Ananas; E. Aech., Pt«a). — 
Endogen ; perennial, 2-3 ft. This plant abounds in China, Malacca, Singapore, Assam, the Tenas- 
serim Provinces, Java, and the Philippines, and is also found (naturalized) in the Peninsula and 
N. Provinces of India, and in Ceylon. In the Azores and Bahamas, it is cultivated for its fruit. 
It succeeds in the open air as far as 30° N. lat., growing without any care, and in almost all soils. 
In India generally, it is grown solely for the sake of its fruit, the Eungpore district of Bengal 
being the only place where its fibre is utilized. In the other eastern homes of the plant, the fibre is 
the chief object of attention. 

The plant is perpetuated by shoots from its base, and multiplies rapidly. The leaves, measuring 
about 3 ft. long, by l|-2 in. wide, may be removed bodily, after harvesting the fruit. When the 
plant is grown for its fibre, however, as in the Philippines, it is customary to pluck the fruit before 
it matures, as this causes a considerable extra development of the leaves. The method of extracting 
and bleaching the fibres, as conducted by the Chinese in Singapore, is as follows : — 

The first step is the removal of the fieshy sides of the leaf. A man, sitting astride a narrow 
stool, extends on it in front of him a single leaf, one end, of which is held beneath him ; he then, 
with a kind of two-handled bamboo plane, removes the succulent matter. Another man receives 
the leaves as they are planed, and with his thumb-nail loosens the fibres about the middle of the 
leaf, gathers them in his 
hand, and by one effort, de- 
taches them from the outer 
skin. The fibres are next 
steeped in water, washed, 
and laid out to dry and 
bleach on rude frames of 
split'bamboo. The processes 
of steeping, washing, and 
exposing to the sun, are re- 
peated until the fibres are 
considered to be properly 
bleached. In the Philip- 
pines, the blunt edge of a 
potsherd is used, and the 
fibre is carefully combed, and 
sorted into four classes. 

The above processes are, 
of necessity, exceedingly 
tedious, and unsuited to the 
needs of a commercial un- 
dertaking. To supersede 
them, several machines have 
been invented. Some of these have been already noticed on pp. 913-916, when speaking of similar 
fibres. E^ 632 shows the Sanford and Mallory machine, which is said to be capable of cleaning 
6000-8000 pine-apple leaves daily. It consists of an iron framewrrk, about 4 ft. square, carrying 
a cylinder 30 in. in diameter, covered with an elastic material, and armed with transverse teeth and 
scrapers, of varying construction, according to the kind of plant worked upon. About half the 
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circumference of the cylinder is in contact with, and drives, an endless elastic belt, similarly armed 
with teeth and scrapers, and capable of adjustment to bear with more or less pressure against 
the cylinder. The width of feed is 16 in. The feed rollers, one elastic, and the other of 
corrugated metal, move more slowly than the cylinder and belt, and thus hold the leaves 
firmly, while introducing them to the combing and scraping processes within^ they have also 
a reverse motion, so that the leaf may be withdrawn when half dressed, and its ends reversed. 
During the operation, cold water from a 1-in. pipe is kept flowing over the cylinder and belt, and 
among the fibre, so as to dissolve and wash away the viscid juices of the plant, and prevent that 
action of the atmosphere which tends to discolour the fibres. The machine weighs about 9 cwt., 
requires 1 H.-P., and can be worked by one man, with two boys to feed in the leaves and take out the 
fibre. The speed required is 80-90 rev. a minute. When the leaves are so thick as not easily 
to enter the rollers, they should be cruslied between rollers, which will also cut them into strips 
lengthwise. The reference letters indicate : — A, change-pinion for regulating speed ; B, tightening- 
screw for belt ; C, lever for reverse motion ; D, feed-rollers ; E, stud-plate for adjusting inter- 
mediate motion ; P, perfo- 
rated trough for distributing 
water over the plant being 
crushed. Fig. 633 shows a 
modified form. 

Fig. 634 shows a section 
of the leaf of the plant, 
magnified 100 times ; a, 
epidermis; b, fibro-vascular 
bundles, which present the 
singular peculiarity of being 
coloured blue by test H; o, 
centre of the bundle, con- 
taining ducts, and tissue in 
course of formation ; d, par- 
enchyma. The filaments are 
very fine, transparent, strong, 
and supple; they separate 
easily by washing and tritu- 
ration. The isolated fibres 
are fine, uniform in diameter 
throughout, but of varying 
size ; they are solid and 
glossy, supple and curly. They taper very gradually towards the ends, which latter are never 
sharp, but generally rounded, or blunted. The lengths vary from 0'118 in., to 0'354 in. : mean, 
0’196 in.; the diameters are max.. O' 0000274 in.; 

Scarcely any fibre possesses such a combination of 
good qualities. Its breaking strain has been esti- 
mated at 260-350 lb., a 12-thread rope breaking 
at 924 lb. ; it is remarkably durable, and unaffected 
by immersion in water; and is white, soft, silky, 
flexible, and long in the staple. In the Philippines, 
and in Singapore and Malacca, the untwisted fibres 
are woven into textile fabrics — the Ifipis de Pina of 
the former — which are considered the finest in the 
world. The fibre, intended for a similar purpose, is 
a large article of commerce between Singapore and 
China. Fishing-lines and ropes are also made of 
the fibre; and in the Kungpore district, the leaves 
are retted for 4-5 days, and the fibres are converted 
into twine, used by local shoemakers. The facts 
that the plant is in great abimdance and found 
growing wild, needing next to no care for cultiva- 
tion, while yielding a most valuable fibre, which is 
capable of being manufactured, on flax machinery, into 
textile fabrics, and requiring only to be tanned in order to afford an excellent rope-makmg material, 
point it out as deserving unusual attention on the part of tropical agriculturists. A smnple of the 
fibre, exposed for 2 hours to steam at 2 atmos., boUed in water for 3 hours, qjid again steamed for 
4 hours, lost 6 '49 per cent, by weight, as compared with flax, 3'50 ; Manilla hemp, 6 '07; coir. 
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8-13; Bossian hemp, 8'44. Slips of tmsized paper, weighing 39 gr., made from the fibre, bore an 
average weight of 74i lb., as against Bank of England note pulp, 47 lb. It works “ wet" in 
pulping; but makes a good and very strong paper, which bears ink well. (See Fruit — ^Pine-apples.) 

Andromai^ia igniaria. — Exogen. Native of Quito. Afibrds a good fibre. 

Andropogon lyCartini — Boussa grass. — ^Endogen. Native of India ; universally spread 
over the trap districts of the Deccan. Yields a useful fibre for paper-making, after the extraction 
of its valuable oil (see Oils — Nemaur grass-oil). A. involutus, A. saccharatum, A. Iwarancusa, in 
India, A. cmdensatus, in the Argentine Eepnblic, A. tenuis, A. sericeus, ffeteropogon insignis, in S. 
Australia, all afford fibres ; further, A. gryUvs and A. Tschcemuin in Europe. 

Anona squamosa. — ^Exogen. The fibre is employed in Guadaloupe and Angola. 

Antiaris saccidora — Sack-tree. — ^Exogen ; large tree, 18 ft. in circumference at base, and 
100 ft. high. It flourishes in Malabar, Travancore, the N. Concans, aud Ceylon. The strong 
fibrous liber, or inner bark, of this tree is locally used as sacking, and might be employed for cordage, 
matting, and paper-making. Trees 9-12 in. thick are selected, and subjected to a severe beating 
with a stone or club, till the parenchyma, or outer bark, is removed. The fibrous inner bark is then 
stripped off in sheets, the tree being often cut into sections, yielding ready-made sacks. The sacks 
are filled with sand, and dried in the sun; they are kept hung in smoke when not’ in use, and last 
10-12 years. The tree is also said to be found in Venezuela, where it provides the marima shirts 
of the natives. 

Apocynum cannabinum — Colorado hemp. — Exogen ; 9 ft. A native of N. America, 
being found in a wild state on the bottom lands of the rivers, especially in Colorado. It is recom- 
mended for culture in Victoria. It yields a fine, white, strong fibre, which has been used from time 
immemorial, by the Indiana of the Colorado river, for cordage and clothing. It is exciting the atten- 
tion of paper-makers in the E. States, and may be valuable as a textile fibre. A. [Pcederia] fcetidum, 
A. aibiricum, A. syriacum, grow in great profusion in S. Siberia, Turkestan, Krim, Trans-Caucasia, 
and on the Adriatic. In Turkestan, they occur most abundantly in the province of Semiretschi, 
in the lands of the Hi, and on the banks of the Syr; also throughout the khanate of Kokan, in the 
valley of the Zariavschane, and around the Aral. In the lands of the Hi, the plants cover the 
steppes, aud their fibre, under the name of enui, is used for nets, fishing-lines, rope, and twine, but 
not for textUea In other districts, the fibre is more carefully prepared, for textiles. It is sepa- 
rated by a short retting, is very strong and elastic, easily divisible, bleaches and dyes well, and has 
a length of 6-12 ft. 

Areca catechu— Areca or Betel-nut Palm (see Nuts). — The spath of the leaf contains 
so much fibre that it is employed in a crude state, by Singapore shopkeepers, for packing up parcels, 
and is used by the Hindoos for making water vessels, caps, dishes, and umbrellas ; it is so fine that 
it can be written on with ink. The vigorous growth and wide distribution of the tree make it deserving 
of the attention of paper-makers. 

Arenga saccharifera [Sagfuerus Bumphii] — ^Vegetable bristles (Malacca, Ejoo; 
SoMATBA, &0., Anon). — Endogen. This palm is found throughout the Asiatic islands, especially 
in low, moist situations. The stem in early life is covered with the sheaths of fronds or leaves, the 
sides of which afford quantities of a black, horsehair-like fibre. Each tree yields about 6 leaves 
annually, and each leaf gives about |-1 lb. of the fibres. These may be removed without injury 
to the tree ; indeed, they drop off as it advances in age. The fibres are of several qualities and sizes ; 
some are so coarse and stiff as to be suitable only for brush-making ; the majority closely resemble 
black horsehair, and possess all the qualities required for rope-making ; the finest are used for 
caulking ships, stuffing cushions, and as tinder. Commercially, the most valuable fibres are those of 
medium size. Their breaking strain was recorded as 96 lb., as against coir at 87 lb. ; their dura- 
bility is most remarkable, exposure to wet, and even being packed away in a wet state, having no effect 
upon them ; moreover, cables made of this fibre float on the water. A sample of the fibre, exposed 
for 2 hours to steam at 2 atmos., boiled in water for 3 hours, and again steamed for 4 hours, lost 
4'15 per cent, of its weight, as against Manilla hemp, 6-07 ; hemp, 6"18-8-44; coir, 8'13. These 
properties have caused the fibre to be most extensively used in the East, for making cables and 
standing rigging ; for running rigging, it gives place to coir (Cocos nucifera), which is more pliant 
and elastic, though less durable. It undergoes no preparation, either before or after being twisted 
into rope. The best is produced in the Spice Islands ; that of Java is coarser. It is an important 
product of the Sulu Archipelago, and is met with in a very fine state at Manado, in Celebes. Its 
local cheapness and abundance couunend it to rope-makers. The unusual resistance of the fibre to 
the action of water has caused it to be advocated as a covering for telegraph cables. 

Artocarpus sp. di’V. — Exogen. A.^ntegrifolia and A. indsa, in the E. Indies, New Zealand, 
Polynesia^^d New Guinea, afford useful fibre, much employed by the natives under the name of ti. 

Arundo karka. — Endogen ; reed, 8-12 ft. Native of India, most luxuriant in Bengal. The 
split stalks form thq durma mats of Calcutta ; in Scinde, they are beaten, to yield a fibre, called 
moonyah, used for making ropes and twind? • 
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A. Sellowiana — Pampas g^rass. — A grand autumnal flowering reed. Grows in Umgnay, 
Paraguay, and La Plata, and has been recommended for culture in Victoria. Its leaves yield a fibre 
useful for paper-making. Probably identical with Gynerium argenteum. 

A. saceharoides, in Venezuela, furnishes the fibre for the sombrero hats of the peasants. 

Asclepias syriaca — Syrian swallow-wort, Sili-weed. — Exogen. A*native of Syria, 
and cultivated as far north as Upper Silesia ; abundant also in the United States, Canada, and por- 
tions of S. America, notably the Argentine Republic. It is easily propagated both from seeds and 
from root divisions ; it thrives luxuriantly in light soil, and will grow on any poor land. The seeds are 
covered with a silky down, 1-2 in. long ; this, when removed, is capable of several useful applica- 
tions. In America, the fibres are used principally for stnflSng beds, &c., and for hat-maMng. In 
Russia and France, textile fabrics are produced from them, and the French firm of Puech Fr^s has 
recently introduced a new style of woollen cloth, termed “ silver cloth,” made by an admixture of 
20 per cent, of this down with 80 per cent, of wool. The fibre may be advantageously used also in 
felts. The bast fibres of the stem of the plant, prepared like flax or hemp, yield a long fine thread, 
of glossy whiteness. 

The similar seed down furnished by A. curassanica, and A. volubSis, both natives of theW. Indies, 
is locally used for stufiing purposes. A. asthmatica and A. spinosa also yield textile fibres. 

Astelia sp. div. — Endogen. A. Banisii and A. Cunninghamii, in New Zealand, furnish 
leaves respectively 4 ft. and 4 ft 9 in. long, from which, long and fine fibres are extrsusted by 
retting. 

Astrocaryum acanle. — Endogen ; palm, tmnkless leaves, 8-10 ft. high. Grows in the dry 
Catinga forests of the Upper Rio Negro, BrazO. The rind of the leaf-stalks is used by the Indians 
for making baskets. 

A. vulgare — Tucum thread. — Stem, 40-50 ft. Found growing on the dry forest land of 
the Amazon and Rio Negro, and is carefully cultivated by the Indians where it is not met with in a 
wild state. The unopened leaves furnish a fibre, which is extracted and prepared in the same way 
as that of Mauritia fiexuosa, and is superior in fineness, strength, and durability. The thread is 
used chiefly for bow-strings and fishing-nets ; in places where Mauritia fiexuosa does not grow, it is 
employed also for hammocks, which fetch a high figure in Rio Janeiro. Retting the leaves has 
been tried, and failed, because decay ensues in less than a week. Practised hands can extract only 
about 2 oz. fibre per diem by the native method. 

Attalea fonifera — Bahia Piassava. — Endogen ; tree, 30-40 ft. This palm grows in 
forests in the Brazilian province of Bahia, extending southwards to the Rio Pardo, and perhaps 
beyond that river. It is utilized chiefly in and near Oommeudatabalu, Una, Ilheos, Porto Seguro, 
Marahu, Rio de Contas, Santa Cruz, Cazane, Tapiroa, Cannavieros, and Itaparicn. It is not 
found far inland. The trees grow wild, being propagated by nuts, which are the food of 
birds and monkeys, and thus get widely spread. No care or expense in cultivation is attempted. 
The trunk is bare for three-fourths of its height, when the foliage commences. The unopened 
leaves are enveloped at the base in coarse chocolate-coloured fibres, which constitute a portion 
of the Piassava fibre of commerce. They are removed from the leaves by the natives, who use a 
small axe for the purpose. Only young trees are selected, so as to secure the freshest fibre ; 
the taller trees are neglected. The severed fibres are gathered from the ground, taken home to 
be roughly hackled, straightened, and cleaned, and are then handed over to native packers, who use 
the most primitive contrivances for pressing it into bundles, of about 1 arroba (32 lb.). The packing- 
sheds are always on a river, for convenience of shipment. At the port of Bahia, the fibre is sold 
in bales weighing 80-100 lb. The exports from Bahia to foreign countries, in 1878-9, amounted 
to 126,000 cwt. 

The native population have employed the fibre for ages, as it is very durable and not attacked 
by ants. Its local application is solely for cordage purposes, for which it is well adapted, as the 
rough-edged fibres twist into a very firm rope, which is so light as to float on water. A considerable 
trade is done in it with the interior. In Europe, this fibre is employed almost exclusively in brush- 
making. Denmark and Germany now have a large trade in the article; but the bulk of it comes 
to this country. In N. America, it is little used. The total foreign consumption is estimated 
at about 5000 tons a year. The London market value fluctuates between 15Z. and 25/. a ton. 

The term “ Para Piassava” is commercially applied to the fibre yielded by another palm (see 
Leopoldinia J’iassaba'). 

Bambusa aru n di n acea — Bamboo. — ^Endogen ; gigantic grass, 70-80 ft. This most useful 
genus flourishes throughout the tropics of both hemispheres, growing luxuriantly in moist places, 
while some of its varieties prefer to climb the high lands.f Asa possible source of “ stock ” for paper- 
making, it has attracted much attention, and been made the subject of several experiments. The 
method of planting it, moat commonly adopted by the natives of India, is by shoots, oF'the lower 
part of the halm, with a portion of the rhizome, set out during the rains ; but heavy and constant 
ram for some time afterwards is essential. In Algeria, propagation by stem cuttings is found to 
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sacceed admirably. Crdtivation from seed is, perhaps, the most certaia plan ; but it is open to the 
serions disadvantage that the plant then requires 10-15 years to attain a growth sufficient to a dmi t 
of cropping. The plant will not grow in poor or waste soils, but prefers the rich land on the banks 
of streams. Abundance of moisture, supplied either naturally or by irrigation, is absolutely essen- 
tial. Thousands of acres of wild bamboo jungle exist in the tropics, but very little of this is available 
for the purposes of the paper manufacturer, as experience has shown that shoots of the year are the 
only ones which can be used. This fact, coupled with the equally important one that an abundance 
of bamboo is essential to the very existence of the native races of the E. Indies, renders it certain 
that, for industrial undertakings, the plant would have to be systematically cultivated. It remains 
to be proved whether the cost of such cultivation, together with that entailed in the preparation of 
the product, might not be much better expended upon a plant which would yield fibres fit for 
textile manufectures in the first place, and equally or more valuable for paper when in the form of 
rags. 

Estimates as to the available annual product of young shoots vary considerably. Thomas 
Eoutledge, of Olaxheugh, the great advocate for the culture of bamboo as a paper-making material, 
would divide an acre into 12 beds, each 96 ft. by 26 ft., crossed by 12 paths 96 ft. by 8 ft. 8 in., and 
one intersecting road, 208 ft. by 16 ft., thus leaving a planting space of 2496 ft., or 29,952 ft. in the 
12 beds ; placing the stems 2 ft. apart would give 7488 stems, which, ^own to a height of 12 ft^ 
are estimated to weigh 12 lb. each, thus giving 40 tons of green stems per acre. These lose 75 per 
cent, by drying = 10 tons, producing 60 per cent., or 6 tons of " paper-stock.” On the other hand, 
hy present methods of cultivation, the plants are never set at less than 5 ft. to 8-10 ft. apart, though 
these limits might be reduced by the aid of manure and irrigation. Also, only a portion, say 50-75 
per cent., of the shoots may be removed from each stool, or the parent plant will die. At the end 
of 15-30 years, the plants flower and die, when re-stocking would be necessary. Kobert Thomson, 
Superintendent of the Jamaica Botanic Gardens, believes that bamboo plantations there will yield 
annually 5-10 tons (dry) of young shoots. The young shoots must not be cnt close to the ground, 
but a few nodes above it ; foliage starts from the nodes which are left, and maintains the action 
of the roots. In Jamaica, three crops have been taken in two years ; and some bamboos deprived 
of every shoot were luxuriant again in four years. After heavy rain, the young shoots spring from 
the ground to a height of 25 ft. in about 5 weeks. 

The bamboo has established its reputation as affording an excellent paper material, and thonsanda 
of tons of it have been consumed in America and this country, the supplies having been drawn 
from the W. Indies. Efforts have been made in Brazil to utilize the fibre fer textiles, in mixturea 
with wool and silk. The expenses entailed for machinery, and for boiling the stems for 3 weeks in 
caustic soda solution, are surely not warranted by the result. Attention has been hitherto confined 
to the above-named species and to .B. vulgaris ; but B. Tulda, Dendrocalamus giganteus, and D, strictus, 
await investigation and trial. 

Bauhiniaracemosa — Bun-raj, or Arree. — Exogen; small tree. Found throughout Bengal, 
Mysore, and the mountains of the Concans. The bark stripped from the green branches is made 
into strong rope, used locally for various purposes ; the fibre is not exported, and is low priced. 

B. scandens [anguina]. — A climbing shrub, found in the Concans, Assam, and Travancore, 
and very common in Silhet. Its fibre is much used by the Nagas. A line made from it supported 
168 lb. for 45 minutes, and stretched 6 in. in 3 ft. Major Jenkins reported, however, that, either 
from the nature of the material, or the mode of its preparation, it was so harsh and stubborn, and the 
fibres stuck so close together, as to cause the heckles to tear it to pieces, and injure its strength. 

B. Vahlii — Patwa, or Mahwal. — Gigantic climber. Found among the forests of the 
Sewaliks and the hot valleys of the Himalayas, from the doons of the N.-W., to the valley of Assam. 
The stems are out in July- August. The outer bark is stripped off, and thrown away; the inner 
is used for making ropes and cordage. It is either soaked in water, and twisted while wet ; or it 
is hoiled, and beaten with mallets, to render it soft and pliable. The cordage prepared from it is 
not very durable, and rots if kept constantly in water. It has, however, been used in making 
suspension bridges in the Himalayas. Though very abundant, the fibre is not collected for sale. 

£. Sookeri, in S. Australia ; B. reticulata, B. rufescens, &o., in Senegal and Angola ; B. splendem, 
in Venezuela ; and B. coccinea, in Cochin China, are aU turned to account for their fibre. 

Beaumontia grandiflora — ^Vegetable silk.— Abundant in India. Furnishes the best 
seed hairs yet known, though least utilized. The fibre is said to be not only the most lustrous and 
most purely white, of all the so-called “ vegetable silks,” but possesses besides a remarkable degree 
of strength. Moreover, the hairs are very easily separated from the seeds. The dimensions of the 
fibres are 1'181-1’771 in. long, and 0'Cfl287-0"00195 in. in diameter. 

Boebmeria nivea [Urtica nivea, TJ. tenacissima] — China grass (Fb., Ortie de Chine ; 
Geb., 6hmagras ; Assam, Rheea ; Malay, Bamie ; Sijmatba, Caloee ; Japam, Tsjo, Karao ; Chdja, Tchmt 
ma, Chu). — Exogei} ; shrub, 5-8 ft. The range of this plant is very wide, especially if we admit 
the identity of several locally-distingvlfched species or varieties. As a native, it ocmfrs abundantly 
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in China, Japan, the Philippines, Java, Sumatra, and the Eastern Archipelago generally; in Siam, 
Burma, Singapore, and Penang ; as well as in Assam, Kepal, and in some parts of the Lower 
Provinces of Bengal, as Eungpore and Dinagepore. Its natural limits appear to be about 36° N. 
lat., in Corea and Japan, and between 9° and 10° S. lat., in the Moluccas. Under cultivation, it 
has been proved to flourish in almost every part of India ; and it has been succesafulljfintroduced into 
many foreign countries. It thrives in Natal, where an indigenous variety attains a height of 24 ft. ; 
in Mauritius ; in Algeria, especially near Eelizane, and in the plain of the Hahra, in the pro- 
vince of Oran, its cultivation has been attended with great success ; the island of Corsica offers 
similar prospects; S. France, especially the Departments of Vaucluse and Alpes Maritimes, is now 
producing large quantities of the plant ; in the Channel Islands, and even in Great Britain, it does 
not refuse to grow, though its culture probably could not be made profitable; the alluvial aud 
upland soils of the S.-W. States of America are well suited to the plant, and its culture is being 
successfully carried on in Louisiana and California ; it is grown in Martinique, J amaica, and Trinidad ; 
it has been naturalized in Mexico ; finally, it is recommended for culture in the rich and warmest 
forest valleys of Victoria, where irrigation can be applied ; in the open ground, it suffers from the 
night frrats, which, however, do not prevent fresh shoots being sent up during the hot season. An 
allied variety, B. calophleha, recently discovered in Lord Howe’s Island, deserves attention and 
investigation. 

Cultivation of the Plant. — The plant is generally propagated by roots, cuttings, or suckers ; it may 
be growu from cuttings as readily as the willow. It requires a great deal of moisture, and appears 
to thrive best under shade in the tropics. It differs from all allied textile plants by being perennial, 
and it is said that the quality of the first year’s crop is improved upon in subsequent years. 
Analysis of the stems shows 4 ‘14 per cent, of ash; of this, the alkalies amount to 48 "76 per cent, 
(potash, 32-37), and the phosphoric acid to 9-61 per cent. These figures suflSce to show the very 
exhausting nature of the plant, and explain the importance attached by the Chinese to its careful 
manuring. At the same time, it must be remembered that the fibre itself contains only an infini- 
tesimal proportion of ash ; and if the refuse from the stems, after separation of the fibre, be burned 
and returned to the soil, the necessity for artificial manuring will be much reduced. The plant has 
long been cultivated in the countries where it is indigenous, and a knowledge of the methods 
adopted by the natives cannot fail to be of service to those who propose introducing it elsewhere. 

Chinese plans. — The seeds are sown in sandy soil, near water ; the ground is dog several times, 
and then watered in the evening ; on the following morning, it is loosened with a small rake, and 
levelled ; some seed is then mixed with moist earth, in the proportion of 1 pint of the former to 
4 J pints of the latter ; the seed is then sown with the earth, and is left uncovered ; 1 oz. of seed 
suffices for 6-7 beds measuring 1 ft. by 4 ft. So soon as the sowing is done, a light framework is 
erected, in a slanting position, 2-3 ft. above the ground, and is covered with a thin mat. As the 
weather grows hotter, this awning is supplemented by a thick layer of straw, otherwise the young 
plants would be destroyed. Moisture is supplied by sprinkling water upon the roof ; the latter is 
removed at night, in order that the plants may catch the dew. When the first leaves appear, 
weeding is begun ; the roof is laid aside when the plants are 1-2 in. high, and the earth is kept 
moist to a depth of about 3 in. The young plants are next transferred to a stiffer soil. The beds 
are watered on the evening preceding the removal, and the new beds are watered in the morning, 
for the reception of the plants. The removal is effected by a spade, care being taken to keep a 
ball of earth around the roots. The young plants are pricked out at 4 in. apart ; the ground is often 
hoed, and water is supplied at the end of 3, 5, 10, 15, and 20 days. The roots aflbrd new shoots, 
which, at the end of 4-5 years, will be so numerous as to require thinning. This may be done either 
by taking cuttings 2-3 in. long from the roots, or by bending the stems down to produce layers, the 
latter plan being the quicker. Immediately the stems are cut, the ground is watered with a mixture 
of equal quantities of water and liquid manure, pigs' dung being avoided. Watering must be done 
at night or in cloudy weather. Eoot cuttings are placed by twos and threes in little trenches, about 
18 in. apart ; they are then surrounded with earth, and watered occasionally. In forming planta- 
tions with shoots, the new plants are placed at about 18 in. apart. In either case, choice is made of 
stiff land that has been well worked in the autumn, and manured. The stems are gathered for 
industrial purposes in the first year, when about 1 ft. high. In the tenth month of every year, 
before cutting the oflfeets, the ground is covered with a thick layer of horse or cow dung; in the 
second month, the manure is raked off, to allow the new shoots to come up freely. In the second 
year, the stems are again out. At the end of three years, the roots are very strong, and send up 
many shoots. Cropping then takes place three times a year, the stems being cut when the suckers 
from the rootstock are about J in. high. The first harvestf's got in at about the beginning of the 
fifth month ; the sMond, in the middle of the sixth or begiiming of the seventh mouth ; and the 
third, in the middle of the eighth or begiiming of the ninth month. The stems of the se’^tl crop 
^w the fastest, and yield the best fibre. After the crop, the stocks are covered^ with manure, and 
immediately \fatered. A well-cared-for plantation lasts for 60-100 years. 
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In Assam. — ^Here the plant is sparingly cnltivated hy the fishermen, to provide fibre for their 
nets. It is propagated entirely hy root divisions, planted in garden plots, and well manured with 
cow-dnng and wood-ashes. It often yields 5 crops in a year, after planting, or six from April to 
April ; the first is cut in April, the second in Jtme, the third in August, the fourth in November, the 
fifth in Febma!^, the sixth in April again, and so on. The moat luxuriant crops are those of Jime and 
August, they receiving the moat moisture ; the February crop yields the strongest fibre. Between 
the crops, the ground is opened up around the roots, by means of a long-handled hoe. After the 
November crop, cattle are generally admitted into the plots, and the plants are thus kept down till 
February, when the ground is carefully loosened, and the roots are heaped up with earth, and well 
manured. The points claiming special attention are the manurmg, the provision of abundant 
shade, and protection &om storms; the last is often effected by walling-in the gardens with 
wattling. The common height of the plant is 8 ft., giving fibre 6 ft. long. 

In Java and Sumatra. — The experiments undertaken here by the Dutch Government mostly 
failed, on account of the injudicious selection of open rice fields, instead of the much more suitable 
coffee lands. The natives propagate the plant by root divisions, set out at 3-4 ft. apart ; the stems 
soon attain a height of 5-7 ft., and are cut when they have become brown for about 6 in. from the 
roots. Four crops are usually cut in a year ; in the first year, the plants yield 4 stems at the first 
crop, 6-8 at the second, 10-12 at the third, and 16-20 at the fourth ; more are obtained in sub- 
sequent years. The first crop is taken without waiting for the stems to ripen, as the fibre is so 
inferior as to be rejected. 

Agricultural problems. — The principal points to be investigated, in order to determine 
the best methods of growing the plant on a commercial scale, are as follows ; — (1) Influences 
of irrigation and manuring; especially the effect of returning to the soil the waste portions of 
the plant. (2) The variation of the amount and quality of the fibre according to the season. 
(3) The comparative quality of the fibre of short stems (3 ft.) and that of full-grown stems 
(5-8 ft.). (4) The effect of the density of growth upon the thickness, straightness, and branchi- 
ness of the stems, and upon the yield per acre, especially in connection with the prospect of 
a greater number of crops annually under the condition of limited height. (5) The best and 
cheapest methods of gathering, stripping, and sorting the stems. Experiments in France have 
proved the autumn crop to be much superior to that cut in summer. It seems to be an established 
fact that, for very fine purposes, the plant should be cut at 3-4 ft. ; hence arises the question 
whether closer cropping, or enhanced value, will compensate for the diminished product. The 
proportion of waste will certainly be less in the shorter stems. The sorting of the stems is very 
necessary, as, from the variable nature of the plant, independently of external causes, the qualities, 
and therefore the applications, of several portions of the produce of the same plantation, may vary 
widely. The out-turn of clean marketable fibre per acre is variously estimated. One grower did 
not succeed in producing more than 720 lb. of green stems, yielding 45 lb. of fibre, or, reckoning 
3 crops annually, 135 lb. From some experimental crops in the United States, 3 yearly harvests, 
of 700-800 lb. of clean fibre each, are anticipated. The safest official data from India, however, 
give 5200 lb. of green stems, yielding 208-312 lb. of clean fibre, or an average of 250 lb. ; with 
3 annual harvests, this would give 750 lb. an acre, with 4 harvests, 1000 lb. 

Extraction and Preparation of the Fibre. — Before proceeding to a description of the various 
machiues which have been designed for this purpose, the native methods deserve a brief notice. 

Native methods. — In China, the gathered stems are (1) split longitudinally, with knives of iron 
or bamboo ; the bark is first removed ; then the lower layer, which is white, and covered with a 
shrivelled pellicle that comes off by itself, is scraped off ; and the interior fibres are removed, and 
softened in boiling water. In winter, the stems require steeping in warm water, previous to 
splitting. The fibres are divided into three classes : — The first layer is coarse and hard, and fit 
only for common purposes ; the second is more supple and fine ; the third is available for ex- 
tremely delicate textiles. The stems are bleached by tying them up in little sheaves, and exposing 
them on the roof to the sunshine by day, and dew by night. The process requires 5-7 days. In 
wet weather, they are put under cover in a draught; if rained upon, they turn black. (2) After 
peeling the fibres, they are tied in skeins, and steeped in water for a night ; they are then spun 
on a wheel ; and are again steeped in water containing, the ashes of burnt mulberry wood. Next 
they are divided into packets of 5 oz., and placed for a night in a mixture of equal measures of 
pure water and powdered chalk ; on the following day, they are boiled in water containing straw 
ashes, which renders them white and supple ; after drying in the sun, they are reboiled in clean 
water ; well washed ; and finally dried in the sun. (3) The fibres are boiled in lime-water; well 
washed ; and spread out on the surfacf^ of water during the day ; at night, they are taken, and 
dried ; the process is repeated daily till they are quite white. (4) The extracted fibres are simply 
softened' A the steam of boiling water. 

In Assam, the stems are gathered in the following way : — The top of the plant is taken in the 
left hand, and the right hand is passeth down to the roots, stripping off all the leaves; the stem is 
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then severed at 2-3 in. from the ground. The fibre is extracted, either at home or on the spot, by 
one of the following processes : — (1) The stem is broken in tbe middle, and, after a sharp move- 
ment of the right hand to either side, the thumb is passed up, and the fibre is ripped off with its 
adherent bark ; the fibre is then steeped in water for a few hours, which removes much foreign 
matter ; the small end of the fibre and bark is attached to a hook ; taking one straiA at a time, the 
operator holds the thick end in his left hand, while, with slight tension, he passes his right thumb 
along the inside of the strand, and thus disengages the bark. The latter falls off, and any remaining 
feculent matter is expressed by a blunt knife. The finished bundle is most carefully dried in the 
sun, or in a draught, and is then put aside. (2) The bark is scraped from the individual stems by 
a blunt knife, leaving the fibre on the woody portion of the stalks, which are then sun-dried for 
2-3 days ; on the third morning, after several hours’ exposure to the dew, the fibre is removed by 
breaking the woody stalk towards its thick end, and drawing the fibre off towards the small end ; 
the thick end is then similarly stripped. This process leaves about one-fifth of the fibre adhering 
to the stem. 

In Java, the methods resemble those of China and Assam. In Borneo and Sumatra, the stems, 
tied in bundles, are subjected to a retting process before stripping ; this usually lasts for 5-6 days, 
but is occasionally extended to 14 days. A day’s work is variously estimated at 5-2J lb. of fibre. 

Improved methods. — The tedious and expensive, though efScient, methods practised by the 
natives of the E. Indies are unsuited to the conditions attendant npon extensive operations. On 
this account, the Indian Government, represented especially by Dr. J. Forbes Watson, Beporter on 
the Products of India, has long been engaged in endeavours to solve the problem of the preparation 
of the fibre on a commercial scale. Despite the offer of large money prizes, no apparatus or process, 
ftdfilling the condition of preparing a fibre worth 501. a ton at a cost of 15/. a ton, seems as yet to 
have been invented. Before detailing the several machines which have been intended to satisfy 
the above condition, it will be convenient to notice the chief characteristics of the stem of the plant, 
as bearing upon the means suitable for extracting its fibres. 

In length, thickness, and woodiness, the stems most nearly resemble hemp (Canndbia sativa) ; but 
they differ in being much more succulent, 100 lb. of fresh stems yielding only 17-25 lb. dry, as against 
40-^5 lb. The yield of fibre from the dried stems is about alike — 15-17 lb. in 100 ; but calculated 
from the green stems, 100 lb. Bahmeria give only 5 lb. raw fibre as brought to market, or 3J-4 lb. 
when freed from gum, as against 9-12 lb. in the case of hemp. One of the greatest difficulties 
encountered in the treatment of Bcehmeria stems is the quantity and acridity of the gummy matters 
contained in them, and which, on exposure to the air, rapidly coagulate, and become insoluble in 
water. In the case of similar fibrous plants — as flax, hemp, jute, — the removal or destruction of 
this gum is effected by “ retting,” or subjecting the stems to partial fermentation by soaking them 
in water. The succulent nature of the plant under notice greatly increases tbe difficulty of con- 
trolling the fermentation, so as to avoid injury to the fibres. Betting the green stems would, 
probably, be quite impracticable ; but if the stems were dried, assorted according to their develop- 
ment, and submitted to a preliminary crushing, to equalize the fermentation, the operation would 
be much simplified. Hitherto, every improved machine or process seems to have b^n destined for 
the treatment of the stems in a green state, and, indeed, the competition for the prizes offered by 
the Indian Government was limited to plans for extracting the fibre from the green stems. This 
is to be regretted, the more so as the fibre extracted from dried stems has proved to be at least as 
strong and lustrous as that procured from green stems. Moreover, the former plan presents several 
important practical advantages over the latter : — (1) The woody core and outer bark of the stem, 
when in a dry, friable condition, are much more easily separated from the fibre. (2) Dry stems 
might keep the machinery employed at all seasons ; whereas green stems would be procurable only 
at intervals. (3) By using dry stems, the factory might be dissociated from the plantations, and 
form a central market for the crops grown at some distance around, by ryots, and others. Four 
tons of dried stems yield one ton of fibre, so that freight would not be expensive. To use green 
stems, the factory must be immediately at hand, as the supply must be daily, and the freight is 
multiplied fivefold. (4) The proportion of fibre extracted seems to be greatly in favour of acting 
upon the dry stems. (5) The possibility of producing uniform qualities of fibre would be much 
increased by sorting the large quantities of stems available for treatment in the dry. On the other 
hand, must be stated some possible drawbacks to treating the dry stems : — (1) The removal of the 
gummy matter may probably be less efficiently performed in the dry way, than by careful scraping 
and washing of the green stems. (2) Imsome localities there would be great difficulty in drying 
the stems during the rainy season ; but where such were the case, the stems might be left to grow 
during that period, producing a coarser, but probably strogger, fibre. 

Though several machines have been expressly designed for the treatment of this fibre, none 
appears as yet to have satisfied the requirements of the Indian Government. 

The machine invented by C. 0. Coleman, Honolulu, is shown in Fig. 635. The freshly cut 
ripe plants are passed through a series of rollers, being csrrried forward by moving wire screens ; 
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hence they are dipped into tanks containing hot water and bleaching materials. The rollers crash 
the plant, and squeeze out the gummy matter, which is removed in the bath. The plants are 
taken through the operation as many times as may be necessary to cleanse and bleach the fibres, 
the squeezing between the rollers being repeated each time. The fibre is said to be neither broken 
nor weakened ky the process, and to be cleaned at a cost of il.Sl. a ton. 



IHB 

HI 



Le&anc and Nagoua’s machine is seen in Figs. 636 and 637. The crushing and feeding 
roUer^o 5 have their peripheries grooved correspondingly ; c is a toothed support for the plant while 
moving into the rollers and the revolving beaters d ; e are cylinders furnished with spiral, curved, or 
elliptical knives /, cushioned vrith rubber h. The plant is fed in between the rollers h, whence it 
passes between a a', and under the knives /. The speed of a a’ is a little leas than that of 5 6', to 
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avoid tension of the plant ; but the speed of the cylinders e e' is much higher than that of ad, so 
that the knives / shall strip the bark and pith away from the crushed stalk, as delivered by the 
rollers a a'. To avoid the otherwise obvious fault that the end of the stem would thus pass out 
unstripped, revolving toothed beaters d, and a toothed support c, are provided. When the forward 
end of the stem reaches a a', the after portion passes between b b', and then falls on and between the 
arms of the beaters d, which, revolving rapidly in the direction of the arrow, bend the stem over the 
toothed support c, and strip the bark and pith off the end before it reaches o a', so that the plant is 
cleaned from end to end. 

Bouchard’s machine is represented in Fig. 638. The plant is placed upon the table a, and 
introduced, by the lower end of the stem, between the rollers b ; the small drum d effects the decor- 
tication of the stem, while the pipe c supplies water, which partially macerates the plant ; the mass 
is projected by the lever e towards the large drum/, which disintegrates it, and passes it through 
the rollers g placed below. 

Greig’s machine is illustrated in Figs. 639 and 640. The green stems are spread on the 
travelling platform E, and are thus conveyed, small end foremost, between the fluted rollers BCD, 
by which their bark and internal pith is broken up. In this state, they pass down between the 
roller B and the pressure roller F, and are conducted thence between the revolving drums g, fitted 
with knives or scrapers x, by means of which, the diort pieces of pith, broken by the action of the 
fluted rollers, are separated and threshe(J away, while the gummy and vegetable matters are scraped 
off the fibres. As the strips of fibre pass from the scrapers x, they are vertically suspended, and 
blown-'oe'Jween the pressure roller I and travelling table K, by means of a revolving brush H. 
When the thick ends of the stems have passed through the fluted rollers, they fall down, and, being 
suspended by the small ends held betw^n the pressure toller I and table K, they coije into contact 
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with the lower set of scrapers r, attached to the drums M, by which they are 'cleansed in the same 
manner as the small ends. The clean fibre is then drawn upward by the friction between the 
pressure roller I and the trareUing table K, by which it is condncted away from the machine. In 
order to still farther cleanse the fibre whilst it is being operated upon, a tank » is placed on the 
top of -the frame A, and is provided with a tap to, and a rose z extending across tl* upper part of 
the machine, by which water 
may be discharged upon the 
fibre under treatment. To 
prevent the adhesion of the 
gummy and other matters 
to the scrapers x r, the latter 
revolve in contact with the 
brushes N. The speed of 
the principal parts are: — 

First motions, 65 rev. a 
minute ; fluted rollers, 10 • 83 ; 
scraping - cylinders, 520 ; 
blower cylinders, 520 ; tra- 
velling webs, feed and out- 
let, 21 -67 ft. a minute. 

Weight of machine, 30 cwt. 

The machine competed for 
the Indian Government prize 
in 1872 : as an encourage- 
ment to others, it received 
an award of 1500f., though it did not fulfil the necessary conditions. It did not succeed in turning 
out the fibre, clean and fit for market, in one operation, and required the assistance of an ordinary 
scutcher. The action of the scutcher was considered too violent, and it broke up and injured the 
fibre to a great extent. The fluted rollers worked well in breaking the stems without injuring the 
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fibre ; but the action of the scrapers was defective, especially when water was deficient. More 
than 40 gal. an hour were found necessary. The cost of preparation amounted to 35f. a ton, instead 
of 151. : and the resulting fibre, fit only for cordage purposes, was valued at 281. a ton, instead of 501. 

Eoessel’s (of America) machine is simply an iron drum^with knives and breaking-bars arranged 
on its surface. The stems are delivered by hand against the drum, which moves at about 100 rev. 
a minute. The bars break the woody stems into short pieces, which fall out below; IBS^knives 
separate the fibre into shreds. The latter operation is effectual, the out-turn isigood, and there is no 
waste of fibre; but the work is done dry, and the fibre is pot cleansed from bark. The umpire of 
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the trials at Sahartmpore, in 1872, was of opinion that this machine, if furnished with crushing- 
rollers in place of the breaking-bars, and if driven at less speed, might he supplied with water to 
remove the broken wood and bark from the fibre, and thus be made efficient. 

Boland’s machine, designed to convert the dried stems into raw fibre, is made in several 
sizes. The larjyst, driven by steam power, is shown in plan and longitudinal section in Figs. 641 
and 642: — a is a table, on which the stems are placed; 6, feeding-rollers, grooved longitudinally; 
c, driving-shaft; rf, feeding-cylinders, provided with rings or circular grooves of triangular form. 


«4I. 



perpendicular to the axis ; these cylinders carry forward the stems, crushing, opening, and dividing 
them longitudinally, without damaging the fibres ; r, beater placed direct at the back of the 
bottom cylinder d, consisting of a plate of iron as long as the cylinder, fixed upright, coated with 
indiarubber or leather, and having the effect of an anvil, on which the woody refuse of the stems 
is crushed and broken into fragments by means of the beaters ; e, beating-cylinders provided with 
rakes, bars, or surfaces, arranged in pairs of U form, bolted to the shaft of the beater, and repre- 
senting^nj^ght blades; the edges, being sharp, crush and crumble the refuse on the counter- 
beater, or on the cylinder provided with rings when the counter-beater is dispensed with. These 
beaters are provided with elastic blades^having the effect of springs, secured between the axis and 
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the rakes or bars. Each blade forms an angle with the pair of rakes or bars under which the 
blades are fixed. The blades, made of steel, leather, or other elastic material, scrape and cleanse 
the hark of its epidermis, gmn, and fragments of wood produced by the crushing of the stalks 
between the beating.cylinders. The beating-cylinders revolve at a greater speed than the feeding- 
cylinders, and, as they revolve, the rakes act against the spring-blades. The clet^ing-oylinders /, 
coated with leather, or other suitable material, cleanse the beaters, and prevent the fibres from 
winding around them; g, scraping-cylinders or rollers, of similar construction to the beating- 
cylinders e, but not provided with elastic blades. The axes of the cylinders g are surrounded with 
a thick coating of leather, on which are fixed rakes, similar to those of the beaters, but having 
sharper edges. During the working, these rakes rub in pairs, in such manner that their sharp 
edges press on the coating of the axis. Clutch-boxes A are mounted on the axes of the scraping- 
cylinders g, in order to cause the latter to revolve in the direction of the heating-cylinders e or in 
an opposite direction. This is effected by winding a chain I on the toothed pinions ij. The latter 
are ^ternately fixed and loose, so that when j is thrown into gear, » runs loose, and the cylinders 
revolve in the same direction as the beaters ; when i is thrown into gear, j runs loose, and the 
cylinders revolve in opposite direetiona to the beating-cylinders. 

The direction of the scrapers is reversed by means of the double-ended lever and hand-wheel m, 
fixed on the axis of the clutch box h; n o reciprocating friction-cylinders, having rings or circular 
grooves perpendicular to the axis, or in a spiral line. The cylinder n has a double rotating move- 
ment and a lateral to-and-fro movement. The rotating movement is imparted by a toothed wheel 
p ; and the to-and-fro lateral movement, by a connecting-rod g and an eccentric r ; the endless 
table or apron s, grooved perpendicular to the axes, is composed of plates, joined together by hinges, 
the whole forming an endless chain, which revolves round the wheels or rollers t; «, Mction- 
cylinder, fixed crossways above the endless table s,'and having a double rotating movement and a 
lateral to-and-fro movement. The rotating movement is imparted by means of a toothed wheel c ; 
and the lateral to-and-fro movement, by means of a connecting-rod x; z, cross friction-plate, 
grooved transversely, receiving a lateral to-and-fro movement by means of a connecting-rod v> and 
shaft a'. The cylinder u and friction-plate z press and rub on the table s and come into contact 
with it by means of springs (not shown), which press them according to the thickness of the stems 
operated upon. The cylinder e' is provided with rings ; its grooves gear with the grooves of the 
endless table s on which it rests. Having only one movement of rotation, it draws the fibre forward, 
and brings it under the influence of the fan /, by which it is freed from wood, dirt, and any refuse 
which may stiU remain in it. The principal parts of the machine are driven by toothed gearing 
and endless chains s'. The friction-roller and friction-plate may be replaced by an endless grooved 
table, as stated above. This table will have a rotating motion and at the same time a to-and-firo 
movement. In that case the friction-roller will operate between two grooved endless tables. 

The machine acts as follows : — The stems to be operated upon are placed on the table, and the 
top ends are first put between the grooved feeding-rollers, and thus crushed and divided longi- 
tudinally. As the stems pass between the grooved or fluted cylinders, they travel on to the 
counter-beater, where they are submitted to the action of the rakes of the top beater, which 
crushes the wood into fragments. The leaves, straw, and refuse become engaged between the two 
beaters; these, by means of their reciprocal gearing, and the combined action of the rakes and 
spring-blades, detach the fragments of wood, refuse of epidermis, and gummy matter, from the fibres. 
The stems, already in a fibrous state, stUl pass between the coated decorticating-oyliuders. Travel- 
ling onward, between the scraping-cylinders, they are scraped above and below lengthwise ; and 
passing between the friction-cylinders, and across the friction-plate and endless grooved table, they 
are cleansed, completely softened, and brought into a state ready for combing. Finally they are 
passed through a cylinder, and then fanned. The machine requires 1 H.-P., and turns out 500-600 lb. 
clean fibre daily. 

Figs. 643 and 644 show plan and longitudinal section of a Boland machine adapted to hand- 
power, and suited to operations on a small scale, the dried stems being dressed on the field. The 
stems are introduced between the fluted iron crushing-cylinders a, adjusted by springs 6 to suit the 
thickness of the stems. These cylinders a are provided with triangular rings of varying depth, and 
are put in motion by means of cog-wheels. From a, the stems pass between the wooden beating- 
rollers ij, provided with pointed iron bars A, to each of which are affixed two blades Im; blades I 
being of iron or wood, are inflexible, and break the stems against the cylinders a ■ while’blades m,’ 
of indiarubber covered with steel, or of steel alone, are flexible and elastic, and act as scrapers for 
the removal of the epidermis and woody refuse. The beating-roUers revolve 3-5 times faster than 
the crushing-cylinders, and may be adjusted by the set-screw g. Each rake of the beating-rollers 
carries a combp, to assist in removing the fragments of» refuse from the fibre. This machino is 
capable of turning out 150 lb. clean fibre daily. 

Moerman^aubuhr’s system of retting, breaking, and cleaning has attracted some nSicJon the 
Continent. The cut plants are laid m retting-pits, measuring 2 cub. yd. in colitentB, and lined with 



BCEHMEEIA NIVEA— CHINA GRASS. 


929 


cement ; here they are kept down by pieces of timber, held by cramps at each end. With the 
object of hastening the operation, to every 1000 lb. of stems, are added 5 lb. flowers of snlphnr, 5 lb. 
pounded and sifted coal, and 5 lb. ground chalk, carbonate of soda or potash, or clay. At the 
end of 5-6 days, the retting is finished ; the bundles of stems are then taken out, partially opened, 
and set up in craical stacks to dry ; when dry, they may be stored for any time, without injury. 


643 , 644 . 
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The breaking and cleaning of the fibre are performed by three distinct apparatus. The first is a 
powerful crusher, with four pairs of heavy iron rollers ; the second has two pairs of heavy fluted 
cylinders, to which a differential movement is given, thus breaking up the woody matter previously 
flattened and split by the crusher into atoms, three-fourths of which fall out below the cylinders. 
The third apparatus is a vat, 8 ft. in diameter, and more than 3 ft. deep. In the centre, revolves a 
vertical iron axis, supported by steel collars, and carrying 14 strong iron arms or beaters ; these are 
driven at high speed, and strike with great force upon the fibre, which, in a partially charred state, 
is introduced by handfuls, through six slits or indentations in the side of the vat. The woody 
matter is thus effectually removed, while the suppleness of the fibre is increased, and no harm is 
done to it. A ventilating fan, fixed above, carries away all the dust. The complete apparatus is 
capable of dealing with 1-2 tons of stems 
daily, yielding 400-800 lb. of fibre ready 
for spinning. 

Laberie and Berthet’s machine for de- 
corticating the green stems of Bcehmeria 
is shown in Fig. 645. The machine being 
set in motion, a workman takes the stems 
in both hands, and introduces them, top 
downwards, into the angle formed by the 
cord a, and the grooved wheel b, at the 
point c, where they are held by the cord. 

The stems, whose tops are brought to the 
concave cylinder d, by the iron rod e, are 
carried between the cylinder / armed with 
knives g, and that part of the cylinder d 
touching the knives g. The stems are 
here deprived of all the woody matter 
which is mingled with the fibres, and arrive 
cleansed at A, where the cord leaves the 
wheeL At the extreme end of the stems, 
there is always a non-decorticated patch, 
corresponding to the point at which they 
are held by the cord ; this is usually cut 
off, or it may be passed again through the 
machine. Several of these machines are 
already being used in Algeria. Each ma- 
chine is capable of decorticating 75,006-80,000 stems per diem. Before feeding the machine, it 
must be worked empty for some time, to bring the cylinders to the right adjustment for the reci- 
procal action of the knives. If the latter ^re too sharp, they must be rubbed down with a brick. 
The cord_must always be kept strained tight. 

Dr. Ckillyer’s new machine, as made by Sam. Lawson and Sons, Hope Foundry, Leeds, is shown 
in Fig. 646. It shojilS be studied in comparison with the various forms of breaking-machine, 
illustrated farther on in this article, undtft Linum wsitatissimum (Flax). The four flut^ rollers are 
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in a rocking-frame, and oscillate over the cylinder, which has a constant slow movement forward, to 
determine the rate of delivery. The machine is powerful, and is reputed to he capable of dealing 
with 1 ton of green stems an hour, yielding 6J per cent, of clean fibre. 
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CMracters and Uses of the Fibre . — The stems of the difierent varieties of the plant have the same 
outward appearance ; their diameter varies from 0‘39 in. to 0‘78 in., they are covered with a brown 
epidermis, are very light, and contain a large proportion of pith. A section of the bark of the stem, 
magnified 100-fold, is seen in Fig. 647. The bark is relatively thin, and seems to consist of three 
layers The first includes the epidermis e, and a thin line of brown matter, representing the 
chlorophyl of the fresh plant ; 

next comes a thicker layer, Ml- 

almost entirely composed of 
bast fibres /, associated in 
little independent groups ; 
the third layer, resting on 
the cambium c, consists of 
parenchyma, often coloured 
brown, in which appears a 
second series of bast fibres /; 
the cells of this layer contain 
an abundance of crystals ; 6, 
woody fibre. The bast fibres /». 
are coloured blue by test H, 
the larger ones, in the second 
layer, exhibiting a bright yel- 
low tint in the centre. The 
shape of the latter is well 
shown in the illustration. 

The length of the fibres varies from 2*36 in. to 7’87 in., and even 9'84 in. ; the mean diameter 
is about 0'002in., sometimes reaching 0’002S-0‘0032 in. Examined under test P, they reveal 
very irregular forms and dimensions. One portion of a cell may be solid, smooth, or finely striated, 
showing an internal channel, empty, or partially filled with granulated matter ; further on, the 
fibre enlarges, the walls appear thin, and the channel very large ; elsewhere again, it occurs as 
a mere ribten, flattened and very wide. The texture is fibrous, and the fibrils composing the 
walls have a very evident spiral disposition. Fig. 64ff represents the appearance of the fibres. 
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magnified 300-fold : — a, eection of a bundle of fibres ; 6, a fibre seen longitudinally ; c, ends. Ex- 
amined under testa CDF, the fibres are coloured blue or violet, and appear clean and isolated. 
Some are solid, and their internal canal is filled with a granulated substance, coloured yellowish- 
brown. Others are wider, with relatively thin sides, the interior partially occupied by the granu- 
lated matter, rfearly all are covered with fine striations, disposed parallel to the axis, or spirally. 
On many fibres, are fine transverse 
lines of deeper colour, crossing each 
other in various directions, and 
giving a sort of marbled appearance. 

The inherent physical properties 
of the fibre place it in a pre-eminent 
position. In strength, it is second 
to no vegetable fibre, and in some 
trials it has proved to be more than 
twice as strong as Bussian hemp 
(fianncibis sativa^. It also presents 
unusual resistance to the effects of 
moisture and other climatic con- 
ditions, to judge by the slight action 
of high-pressure steam upon it. 

Samples of the fibre, exposed for 

2 hours to steam at about 2 atmos. 
pressure, boiled in water for 

3 hours, and again steamed for 

4 hours, lost only O' 89-1 ‘51 per cent.; while flax lost 3' 50 per cent.; Manilla hemp, 6 '07; New 
Zealand flax, 6 'll* hemp, 6' 18-8 '44; and jute, 21-39 per cent. At the same time, the fineness 
of the fibre places it ordinarily before flax, though, according to the method of cultivation, it 
varies from an extreme degree of attenuation, equalled only by the pine-apple fibre. While in 
strength, resistance, and fineness, it equals or surpasses the best-known fibres, it possesses a silky 
lustre, shared only by jute, which is by far its inferior in strength and durability. On the other 
hand, must be mentioned the peculiar hairiness of the fibre, which, while enabling it to combine 
readily with wool, renders it dififionlt to spin, on account of its stiffness and brittleness interfering 
with the twist, and rendering the yam rough, despite the silky smoothness of the individual 
filaments. 

The combination of qualities exhibited by the fibre endow it with affinities to other fibres, both 
animal and vegetable, which favour a wide range of application. During the cotton famine, it was 
tried as a substitute, or for mixing purposes, being first cut into lengths of 2 in., and treated with 
alkalies and oil. Fabrics made with equal proportions of the fibre and Egyptian and Indian cotton 
gained in strength and gloss, and offered no difficulty in spinning and weaving; they also took dyes 
as well as Egyptian and American cotton, and better than Indian cotton, a little modification of 
the mordant, and of the strength of the vat, being necessary with a few colours. Such an applica- 
tion, however, permits no advantage to be taken of the prominent qualities of the fibre — length, 
strength, and lustre. Moreover, the relative prices of the two fibres now scarcely admit of such an 
admixture, especially when taking into consideration the cost of the treatment of the Bcehmeria 
fibre, and the loss of 25 per cent, by weight which occurs. 

As a rival to the finest varieties of flax, it has perhaps a better prospect. Technical difficulties, 
however, arise in spinning the fibre on flax machinery, and owing to the stiffness of the fibre, the 
yam produced is often very rough. A number of processes have been devised and patented, by 
J. H. Dickson (Godaiming), Marshall (Leeds), Moerman (Ghent), Bonsor (Wakefield), for 
working up the fibre on flax machinery ; but the real conditions of success, where it is attained, 
are kept jealously secret. In comparing the two fibres, account must be taken, not only of their 
relative market values, but also of the fact that the commercial Bmhmeria fibre still contains much 
of its natural gum, involving the cost of labour and chemicals for its removal, and consequent loss 
in weight, before it is ready for combing and spinning (see Linen Manufactures). The loss in 
weight amounts to 23-38 per cent., genemlly 30-34 per cent., so that the price of the available fibre 
is increased by 33-50 per cent., without including the cost of treatment. With the finest descrip- 
tions of flax, it might compete in price, but the demand for such is limited ; that it wfil ever 
supplant ordinary flax, appears doubtful. 

The hairy nature and length of the fibis point it out as likely to compete successfully with wool, 
especially long-shaped kinds, the market values of which are very high in comparison. Several 
manufacturers, e. g. Lister, Sangster, Wade and Sons, Whitaker (Bradford), China Grass Co. 
(Wakefield), have energetically followed up this promising outlet, though not always with success. 
The fibre is subject^ to a chemical treatment, which causes the cells to separate, <the longest 
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varying from 4r-9 in. The loss by chemical treatment generally amonnts to ^ the weight of the 
imported fibre ; combing leaves about equal proportions of long fibre, and tow or “ noils.” Thus 
prepared, the fibre has been spun on worsted machinery (see Woollen Manufactures), and used like 
mohair, for glossy goods ; as a rule, the warp was cotton, and tlie weft was Bcehmeria yam of com- 
paratively little twist. The success of the experiment was foiled by the ease with* which the fabric 
took and retained creases ; this evil has since been remedied by using very thick cotton warps, or 
by mixing with wooL A new effect in woollen goods is now obtained by mixing 10-20 per cent, of 
Bcehmeria fibre with 90-80 per cent, of wool, combining before spinning, say on the carding-engine 
or willow, and taking the former a little longer than the latter. The yam is used for both warp and 
weft ; the wool employed may be either carded or combed ; and the cloth can be raised, milled, 
and woven, as usual. In dyeing the fabric, the advantage arises that the two fibres do not take the 
same dye. Moreover, the noils has been found very suitable for admixture with coarse wools, for 
blankets, shoddy, and other rough purposes. 

Many experiments have been made in applying the fibre as a substitute for, or in admixture 
with, silk : but the coat of the fibre, and the difficulties encountered in its preparation, preelude it 
from competition with jute for this purpose. At the same time, it must be remembered that the 
study of the industrial applications of this beautiful fibre is yet in its infancy, and the inherent 
virtues of the fibre must ensure its extended use in textile fabrics, when the eultivation of the 
plant, and the extraction and preparation of the fibre, have received higher development. Even 
now, new uses are cropping up : Baker, Hill, and Sons (Nottingham) are employing it extensively for 
ladies’ scarves ; and the Yorkshire Fibre Co. (Wakefield) are converting it into handkerchiefs, 
umbrella and parasol covers, &c. The comhined strength and lightness of the fibre, and its great 
durability, and resistance to water, favour its application to the manufacture of ropes, cordage, and 
nets. Ill all respects save price, it is much superior to ordinary hemp, and, even in the matter of 
price, it does not compare so very unfavourably, as the cost and loss in preparing hemp is very 
considerable. Its competitors on this ground will probably be Manilla hftnp {Musa textilis), 
Phormium tenax, and the Agaves. For canvas and sailcloth, its superiority over flax seems un- 
doubted. To the paper-maker, its price is prohibitive ; but an admixture of a proportion of noils 
will impart strength and cohesion to very inferior materials. The average weight sustained by 
slips of sized paper, each weighing 39 gr., made of this fibre, was 60 lb,, as against Bank of 
England note pulp, 47 lb., and “raw” Agate americana fibre, 89 lb. 

The market values and supplies of this fibre have hitherto been subject to the greatest fluctua- 
tion. The former will depend upon the degrees of success with which the flbre may be made to 
replace others, as already indicated ; and an important condition necessary to the welfare of the 
industry will be the possibility of obtaining constant supplies, of uniform quality or qualities, and 
at a figure not exceeding 401. a ton. 

B. frutescens [Maoutia puya] Pooa.— Flourishes in the north of India, at elevations up 
to 4000 ft. It is taller than the preceding, and furnishes a similar fibre. Another nettle, called 
Viilebrunia integrifolia, is found in the Himalayas up to 5000 ft., and in Sikkim at elevations where 
the rainfall is 100-200 in. yearly. The plant is a small tree. The fibre is more easily separated 
than that of the preceding, and is considered one of the strongest in India. These, and some other 
species, have been selected as eligible for culture in Victoria, especially in moist forest tracks. 
Much remains yet to be done in identifying the various Bcehmerias, which cover a very wide range, 
and in deciding which species or varieties will yield the most and best flbre adapt^ to Western 
wants. Some allied plants are discussed further on in this article (see Laportea pustulata ; TJrtioa 
sp. die.'). 

Bombax Ceiba— Silk-cotton.— A native of British Guiana, the W. Indies, and other 
portions of the western world. The seed capsules contain a silky down, used for stuffing purposes, 
and occasionally for making hats and bonnets. 

B. malabaricum is indigenous to the E. Indies. The seed-down is locally used for stufifing 
purposes, and is suggested for conversion into paper, and for guncotton. Its elasticity and short- 
ness of staple preclude its being spun on cotton machinery. It has, however, been successfully 
spun and woven; and has been felted for hat-making ; but does not make a durable fabric. 
B. villosum: in Mexico; the purple down of this plant is spun and woven into cloth, which retains 
its natural colour. Other species are B. hibiscifolium, in Venezuela, B. munguba, B. carolinum, B. 
pentandrum, all affording cotton-like fibres. 

Other silk-cottons are described under Eriodendron, Chorisia, and Ochroma. 

Borassus flabelliformis— Palmyra palm.— Endogeu ; tree, 30-40 ft. Most extensively 
distributed throughout India, especially near the coasts* seems to thiive equally well in almost all 
soils and situations. The leaves of the tree have for ages been used as a local substitute for 
writing-paper. The petioles of the fronds yield a fibre about 2 ft. in length, strong and wiry; 
they are employed on the Madras side for making twine and smaU rope. „Iu Bengal they are 
scarcely us^d for any economic purpose, and the trees ar# there scattered too widely apart’to enable 
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the fibres to be collected at a low cost. Near the base of the leaves, ocenrs a fin e down, need for 
straining liquids, and for staunching wounds. 

Bromelia sp. div. — Endogen. The fibre yielded by the leaves of S. Pigna (Pinguin}, a 
native of the Pl^lippines, is woven into a most delicate textile fabric, known as “ pigna cloth,” from 
which the celebrated Manilla handkerchiefs are made. The cultivation of this plant offers great 
inducements. The same may be said also of £. sagenaria, known in Brazil as Curratow, or Grawaiha. 

Broussonetia papyrifera — Paper mulberry. — Exogen ; tree. A native of the Pacific 
Islands, Burma, China, and Japan, perhaps only truly indigenous to the last-named. It has been 
recommended for culture in Victoria. It is a good coppicing plant, and may be propagated from 
cuttings. In Japan, it is very largely cultivated, after the manner adopted with osier beds. 

A section of the bark is seen in Pig. 649 ; this shows two distinct layers of fibre : under the 
epidermis e, is a thick bed of parenchyma, full of green matter ; then comes a stratum of coarse, 
solid fibres/, of very irregu- 
lar form, sometimes having 
a large central channel, 
sometimes scarcely percep- 
tible. These fibres are dis- 
posed in easily separated 
groups, divided by bands of 
parenchyma filled with 
chlorophyl. Within this 
belt, is a thin zone of par- 
enchyma filled with green 
matter ; then follow other 
groups of fibres /, smaller 
and less brilliant than the 
preceding. All the fibres are 
coloured blue by test H ; o is ' 
the cambium ; 6, the woody 
fibre; mag., 100. Thedimen- 
sions of the fibres are : — 
max. length. O' 984 in.; 
mean, O' 59 in.; mean dia- 
meter, O' 00075 in. In some 
of the Pacific Islands, this 
fibre is converted into fine white textile fabrics, which can be dressed with linseed oil, and then 
become quite waterproof. A more important use of the fibre is for paper-making, to which pur- 
pose it has been applied for ages past in Japan. With this object, the young shoots are cut down 
after the leaves have fallen, in December, and are boiled till the separation of the bark exposes 
the naked wood, from which latter the bark is easily removed by a longitudinal cut. The removed 
bark is dried, and soaked in water for a few hours, after which the outer cuticle and the internal 
green layer are scraped off; boiling in a lye of wood-ashes is continued till the fibres can be 
separated by a touch. The pulpy mass is then agitated in water, and beaten into a pulp, with a 
little mucilage from boiled rice. The paper produced is of excellent quality. The extensive 
cultivation of the plant in Burma is worthy of attention. Its leaves can be used as silk-worm 
food, and the bark of the shoots, which are periodically cut down to afford constant supplies of 
young leaves, produces very satisfactory half-stuff. 

The bark of B. Kwmpferi is also used for similar purposes in Japan. 

Butea frondosa, and B. superba. — The bark and roots of both species yield a fibre which 
is locally used for cordage. The trees are, however, much more important as affording a valuable 
resin (see Eesinous Substances — Butea kino). They also afford a dye (see Dye-stuffs — Kisso). 

Calotropis gigantea — ^Yercum or Mudar. — Exogen ; shrub, 6-10 ft. high. This plant is 
extremely common all over S. India, growing in waste places, and among rubbish and ruins, and 
often even encroaching upon cultivated ground, as a troublesome weed. It comes to maturity in a 
year, but is perennial, and, when once planted or sown, requires no further care. It thrives on soils 
where nothing else will grow, and needs neither culture nor water ; hence it is admirably adapted 
for bringing waste land under tillage, and for protecting reclaimed desert from drifting sands. 
These reasons alone should suffice to encourage the cultivation of the plant, apart from its value as 
a fibre-producer. Its great abundance, fil a wild state, may render cultivation unnecessary for a 
time. It is gtated that an acre stocked with plants 4 ft. apart each way, will yield 10 tons of green 
stems, or 582 lb. of fibre, as prepared by the present native process, which wastes 25 per cent.; the 
cost of cultivation ofithe same area is placed at il. 98, 8d., after which, the only recurring expendi- 
ture would be for harvesting the plant. •When raised from seed, it is said by some to*reqnire two 
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years before being ready for cutttog ; but if cut elose to tbe ground, it grows again rapidly, yielding 
a second crop within 12 months from the first. 

The fibres afforded by the plant are of two distinct kinds : — (1) The seeds are coated with sillcy 
hairs, forming one of the so-called “ vegetable silks,” used occasionally for stufiSn^ purposes, and 
said to be sometimes woven into shawls and handkerchiefs, and to form good paper-stock ; (2) the 
stems contain a bast fibre, of great industrial value. The following remarks refer only to the 
latter. The native method of extracting the fibre is as follows : — The straightest branches, 12-18 in. 
long, are cut, and allowed to wither for at least 24 hours ; after 2-3 days, the dried stems are 
gently beaten, especially at the joints, which permits the bark, and the fibre attached, to be peeled 
off, without breaking. The bark is then bitten through in the centre, and the fibre is drawn away 
from it, and dried in the sun. The process is necessarily very expensive, the cost of the fibre being 
estimated at 651. a ton. Betting, it seems, cannot be adopted, as the fibre is discoloured and 
injured by it, owing to the solution of an acrid juice contained in the plant. The lack of a 
cheap, efScient machine for extracting the fibre appears to be the only obstacle to its extended use ; 
yet little seems to have been done in the way of trying existing machines, or inventing new ones. 
Mr. Strettell’s observations on this head are disappointingly meagre ; his idea, that the machine 
used for dressing dry agave fibre (see p. 913-6) might be suitable, appears reasonable. 

The fibre is said to possess many of the qualities of fiax {Linum usitatisaimum), though it is some- 
what finer. Its fineness, tenacity, lustre, and softness, fit it for many industrial purposes. In 
Madras, the natives select it as the strongest material for bowstrings, gins, and tiger-traps ; never- 
theless, it is said to be better adapted for textiles than for cordage, and that it may readily be 
mixed with silk. Yet it shows a high degree of resistance to moisture; samples, exposed for 
2 hours to steam at 2 atmos., boiled in water for 3 hours, and again steamed for 4 hours, lost only 
5 "47 per cent, by weight, as compared with flax, 3 '50; Manilla hemp, 6 '07; hemp, 6’ 18-8 '44; 
coir, 8 "IS. The strength of the fibre is also considerable; according to Dr. Wight, it is the 
strongest fibre of the Madras aide of India, bearing 552 lb., as compared with tbe next strongest. 
Sunn hemp (Crotalaria juncea), 407 lb. ; and in Dr. Boyle’s experiments, it sustained 190 lb., as 
against Eussian hemp, 160 lb. It can be spun into the finest thread, and has been pronounced 
equal to good flax, for making prime yarns. It is also said to possess all the qualities requisite to 
produce a compact felted first-class paper. 

C. [procera] Hamiltonii — ^Ak. — This species replaces the foregoing in all the northern 
parts of India, and extends even to Persia and Syria. In N. India, it is quite as abundant as is 
C. gigantea in S. India, and the remarks upon the cultivation and utilization of the latter apply 
with equal propriety. 

Both species yield a valuable viscid juice (see Besinons Substances). 

Camelina sativa. — Exogen ; annual herb. Cultivated in Middle and S. Europe, and in 
Temperate Asia, for its fibre, but especially for its oil (see Oils). 

Cannabis sativa — Hemp (Fb. Chancre; Geb. Hanf). — Exogen; annual, 4-6 ft. high. This 
plant is a native of Central and W. Asia, and is now found, either indigenous or naturalized, in 
almost all temperate and tropical countries. In Japan, it attains a height of 6 ft. and upwards ; 
and it flourishes in N. and W. China. It is cultivated all over India, and attains a height of 
10-12 ft. in the Himalayas, where it thrives best at 4000-7000 ft., but reaches even to 10,000 ft. 
It grows wild luxuriantly on the banks of the Lower Ural and the Volga, as well as all around the 
Caspian, and throughout Bussia and Siberia, extending thence into the Altai range and Kashmir, 
and into Persia and the Caucasus ; considerable quantities also are produced on the coast districts 
of the Black Sea, between Atino and Perchembe, particularly those of Oonie and Therme. In con- 
tinental Europe, the cultivation is carried on chiefly in Central and S. Bussia, Hungary, Germany, 
France, and Italy; the last named produces the finest and best of all. In Tropical Africa, it is 
found on both the eastern and the western coasts, as well as in the interior districts watered by the 
Congo and Zambesi. In Natal, a hybrid has been produced between the native plant, found 
growing luxuriantly around the Kaffir kraals, and seed sent from Kew ; the stems would doubtless 
yield good fibre, if the trouble were taken to extract it. The plant has also been naturalized in 
Brazil, to the north of Bio Janeiro ; in Canada, in Venezuela, and in Victoria. The wide distribu- 
tion of the plant is easily explained by the fact that it requires only a few montlis of summer 
temperature to bring it to perfection. In the East, it is grown by the natives chiefly, if not entirely, 
for the sake of the intoxicating properties of its products, bhang, ganja, and churras ; these will be 
described under Narcotics. In Europe, it is grown for the valuable fibre yielded by the stems. 
The seeds of the plant also afford an oil (see Oils — ^Hempseed). 

Cultivation. — The cultivation of hemp as a fibrous plknt may be discussed under the following 
heads : — 

— The best is a rich moist soil, 5-6 in. deep ; alluvial lands, where sand and clay are 
intimately mixed, or friable loams, containing much vegetable matter, are well suited. Stiff cold 
clays are to tie avoided. Over-rich soils produce coarse brf.* strong fibre ; light, poor soils, when well 



CANNABIS BATIVA— HEMP. 


939 


mantiTed, will bear the crop for several years in succession. The finest quality of fibre is obtained 
on soils of medium richness. The best hemp in the world is grown in the Bomagna, of Italy, on 
rich, strong loams, made fine and friable, and well manured. Similarly, the plant thrives well in 
Lincolnshire, and in Holland. The chief producing districts of Eussia, are Orel, Koursk, Smolensk, 
and some of trfe neighbouring governments ; the Polish provinces also contribute largely. The 
plains of Hungary seem peculiarly adapted to the crop. In India, the greatest success is obtained 
in the valleys and lower hills of the Himalayas, particularly on the Ghurwal and the Kumaon 
ranges ; in Bengal, the plant is everywhere grown for its narcotic products, the fibre of the stem 
being discarded. The method of cultivation here pursued, however, renders the fibre worthless; 
and it is doubtful whether the plant can ever be economically raised as a fibre-producer in the 
plains of India. 

Tillage and manure. — The land must, of course, be well ploughed and drained, harrowed and 
rolled, and cleansed from all weeds. The quantity of manure necessary will depend on the richness 
and warmth of the soil, and upon the climate. In England, 1 0-25 tons rotten dung to the acre is 
not considered too much ; warm, moist climates require much less. The ash of the plant contains 
42 ‘05 per cent, of lime, 7 "48 of potash, and 3 "22 of phosphoric acid. Provided that abundance of 
chalk, gypsum, or gas-lime, be supplied, the crop should be much less exhausting than flax. 

Seed. — That &om Holland is most esteemed ; it ripens soon, and yields abundant and fine 
crops. Well-gtown English seed is, perhaps, equal to it. Seed from the plains of India, though 
of good outward appearance, yields poor fibre for the first crop or two ; but Himalayan seed is 
inferior to none. Constant changes of seed are always beneficial. The seeds should be plump, and 
of bright-grey colour ; they must not have been heated in any way, and shordd therefore have a 
sweet flavour. The quantity required may be 2-2J or even 3 bush, an acre ; the thicker the growth 
on suitable land, the finer the resulting fibre. Sowing takes place in May-June; frosts injure the 
young plant, but late sowing conduces to thinness and weakness. Sowing in driUs produces coarse, 
strong fibre, fit for cordage ; broadcast sowing is preferred when the fibre is to be used for textile 
purposes. 

Culture. — As soon as the young plants appear, the ground is thoroughly weeded, and the plants 
are thinned out, according to the class of fibre required, and the capability of tlie ground. A 
second weeding is sometimes needed, but generally the plants grow so rapidly as to keep down 
weeds. Abundant moisture is requisite during growth, hence irrigation is practised in some 
localities. 

Harvesting. — As the fibre afforded by the male plants is tougher and better than that yielded 
by the females, it is usual to divide the harvest. The males are gathered as soon as they have shed 
their pollen, about 13 weeks after the sowing ; they are then recognized by their leaves being 
yellow, stems whitish, and flowers faded. Each is uprooted singly, care being taken not to injure 
the stem. The ripening of the females, which occurs about a month later, is indicated by similar 
signs, as well as by the grey tint of the seeds, and the opening of the capsules. If the plants are left 
for the seed to ripen thoroughly, the fibre becomes coarse and woody, and difificult of extraction ; hence 
the full maturity of the seed should not be awaited. Plants whicli are to give sowing seed must have 
room to spread, and be left to ripen their seed. When it is not intended to preserve the seed (for 
the sake of its oil), and when the fibre alone is utilized, the plants may be pulled while iu flower, 
and without any regard to sex. Under these circumstances, mowing would be a much more rapid 
method of harvesting the crop ; yet a prize for a hemp-mowing machine, offered some years since 
by the Hungarian Government, did not attract a single competitor. As soon as the plants are 
pulled, they are held by the root, and carefully shorn of leaves and flowers, which help to manure 
the land. 

Stocking. — When the stems are stripped, they are bound in small bundles, and the now dry soil 
adhering to the roots is knocked off. The stalks forming each bundle should be as nearly as 
possible of equal length, and the roots should be placed even. The bundles are then set on end in 
stooks like com. If the crop is to be kept long, the bundles are made of larger size, and are stacked 
and thatched. 

The female plants, after gathering, are allowed to stand in the air for 8-10 days, to allow the 
seed to dry and ripen ; the heads are then cut off, and the seed is threshed out. Bundles of seeded 
stems are best conveyed by a rope fastened round under the heads, and suspended over the shoulder. 
The seed remaining after threshing is combed out; but it is inferior, and unfit for sowing. The 
female plants are generally stacked during the winter, and not retted till the spring. The length 
of time for which the pulled plants should remain in stook to dry before retting is a much debated 
point. Some authorities declare that 1«1 days’ sun-drying is essential ; while others state that it is 
unnecessary, and that ripe plants should be retied the moment they are pulled, the retting being 
then reduced from 8 days to 4. 

Extraction and Pr^aration of the Fibre. — The extraction and preparation of the fibres of the plant 
may be divided into the following heads « 
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Betting. — The tenn “retting” is applied to a modified process of fermentation, or rotting, to 
which the stalks are subjected, with the object of loosening the fibres, and facilitating their 
abstraction from the bark. The process is adopted with seTeral other exogenons fibres, notably fiax 
{Linum usitatissimum), and will be minutely described under that head (see p. 967). Meantime, it 
may be said that there are three ways of retting hemp, (1) “water-retting” or * ‘ watering,” (2) 
“ dew-retting,” and (3) “ snow-retting.” 

(1) Watering or steeping is often conducted in mere ditches, 3-4 ft. deep, and of varying length 
and breadth, dug on the margins of rivers. The bundles of hemp are laid at the bottom, covered 
with straw or sods, and weighed down by logs and stones. Putrid standing water makes softer 
fibres than running water ; but the former engenders a disagreeable colour, which, however, is 
destroyed by bleaching. In some districts, retting is carried on in basins at different altitudes, a 
small stream constantly trickling from one to another. This seems to be the most satisfactory plan. 
The degree of retting greatly influences the strength and suppleness of the fibre ; hence that 
intended for making fine textiles should be retted more than that for coarser goods, while fibre for 
cordage purposes should be retted least of all. The progress of the operation is readily ascertained, 
by taking out a stem by the root end, and drawing the thumb-nail along it to the top ; when the 
fibre slips up the stem, the process has been carried sufSciently far. 

(2) Dew-retting is thus eouducted. The pulled stems are allowed to stand in the stooks for 
3-3 days, and are then spread out carefully ou the grass. Here they are subjected to the effect of 
showers and dews, and an occasional watering if necessary, for a period which may extend to 
6 weeks, care being taken to turn them constantly during the whole time. The appearance of pink 
spots on the stems must be watched for, whereupon the stems are gathered up, tied in bundles, and 
piled in stooks, to dry. By this method, the most valuable white hemp is produced ; but the opera- 
tion is very tedious, and entails great expenditure for labour. 

(3) Snow-retting is sometimes practised in Eussia and Sweden. After the first snow-fall, the 
dried hemp-stems are spread out, and left to be covered by subsequent falls, till the spring, when 
they are generally found to be sufSciently retted. 

Grassing and Drying. — After water-retting, the hemp is removed from the water to a field of 
grass which is clean and unused by catUe. Here it is spread out evenly, and allowed to lie for 
3 weeks or more, to bleach, and to enable the fibre to free itself; during this time, it is turned over, 
with long light poles, every 3-4 days. The process is considered complete when pink spots com- 
mence to appear on the steins. Drying is sometimes effected by exposure on walls or rocky ground, 
sometimes artificially in ovens. When dry, the stems are again tied up in bundles, and carried to 
a barn or rick. 

Breaking and Scutching. — So close a resemblance exists between hemp and flax stems, that the 
machinery devised for the treatment of the latter is equally applicable to the former, always 
allowing sufficient strength to over- 
come the superior toughness of the 
hemp stems. Flax being of greater 
importance than hemp in our manu- 
factures, breaking and scutching- 
machines suitable to both are de- 
scribed under the head of the former 
(see p. 969). A peculiar hemp- 
breaker, devised by G. M. Mure, of 
Turin, is shown in Fig. 650. Be- 
tween two rims carried by the 
shaft A, are 4 grooved rotating 
rollers B ; behind the table m, are 
placed a number of grooved boards 
or plates, loosely connected with 
each other, and made to follow the 
periphery of the arc C. While 
putting stems upon the feeding- 
board, the hand is protected by 
the grating 1. The stems pass 
along the arc C, and are pressed 
against the grooves of the latter 
by the rollers B, through the 
rotation of A. A 
weight E. 



counter pressure by C against the beater B is produced by the IpverDand 
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bast fibres, which are divided into two zones, z*. The fibres of the first zone are solid and poly- 
gonal, and bear some analogy to those of flax ; those of the second zone are rounded, but irregular, 
contorted, and encroaching upon each other. Their walls too are relatively thinner, and the 
internal cavity is very large. The differences are more clearly seen in Fig. 652, a, a}. Under 
test H, the fibrife exhibit 
the remarkable characteristic 
of assuming a full blue colour, 
surrounded by a distinct 
yellow margin. 

Fig. 652, mag. 300, repre- 
sents the fibres ; a a^, sec- 
tions of groups of fibres of 
the first and second zone 
respectively ; 6, fibres seen 
longitudinally ; c, ends. Ex- 
amined by test F, the fibrous 
bundles assume a blue or violet tint ; often they approach a greenish hue, passing more or less to 
yellow at the edges. This last coloration arises from a yellow envelope, entirely covering the 
fibre, and disappearing only after complete bleaching. 




The isolated fibres are slightly transparent, 
and of very irregular diameter, even in short lengths ; their surface is sometimes even and smooth, 
Bometimes striated or corrugated longitudinaUy ; they are oft^n flat and ribbon-like. Numbers of 
nearly black, but ex- 
tremely fine, transverse 
lines are visible ; another 
peculiarity is an abun- 
dance of irregular fibrils, 
detached from the body 
of the fibre, after repeated 
friction. The dimen- 
sions of the fibres of hemp 
vary greatly ; in the case 
of European hemp, the 
length may be set down 
at 0- 196-2- 165 in., mean, 

0-866 in.; and the dia- 
meter at 0 - 00048-0 - 0015 
in., mean, 0-00066 in. 

Hemp, as it occurs in the 
market, is longer, more 
rigid, and coarser than 
flax; it forms ribbons, 

more or less wide, and of varied colours — straw-tint, nearly white, green, brown, deep-grey, and 
nearly black, according to the manner in which it has been dressed and dried. Samples of the 
fibre, exposed for 2 hours to steam at 2 atmos., boiled in water for 3 hours, and again steamed for 
4 hours, lost on the average as follows: — Italian hemp, 6-18 per cent. ; Russian hemp, 8-44 per 
cent. Under similar conditions, flax lost 3-50 ; Manilla hemp, 6-07 ; Phormium, 6- 14 ; coir, 8-13. 
Hemp is employed almost exclusively in the manufacture of ropes, twine, and nets (see Hope). 

Production, Exports, and Prices.— In the production of hemp for industrial purposes, Russia has 
undoubtedly the first place, her total annual yield of the fibre being estimated at 6 million poods 
(of 36 lb.). Italy has about 330,000 acres of land under hemp, producing 959,000 quintals (of 1 -96 
cwt.) of fibre. France produces annually about 600,000 quintals of fibre, from about 250,000 
acres. Servia is recently reported to have 34,000 acres of land under hemp cultivation. The 
shipments of the fibre from Riga, the chief exporter of this staple, were : — in 1874, 20,108 tons i. 
1877, 18,155 ; 1878, 18,963. The German exports from Konigsberg, in 1878, were 231,737 cwt. ; 
1879, 399,744 cwt. (including hemp yam). British India exported 85,207 cwt., in 1877 ; and 
55,312 cwt., in 1878. Samsoun, on the Black Sea, in 1878, exported 21,950 kilo., value 614?., to 
France ; and 12,000 kUo., value 240?., to Turkey ; in a good year, as much as 500,000 okes 
(of 2-83 lb.) are shipped. Considerable quantities of hemp are shipped from Chinese ports, 
chiefly for local consumption, though thi^length of staple of one of the varieties produced should 
make it valuable in European markets. The chief shipments were — from Amoy, 1818 piculs (of 
133| lb.) iif 1877, 1694 in 1878 ; Hankow, 73,000 piculs in 1878 ; Kiukiang, 3,972,615 lb. in 1878 ;. 
Kiungchow, 678 piculu in 1877, 214 in 1878. Our imports of the article, in 1878, were as follows : — 
(a) Dressed — from Italy, 24,786 cwt., veiue 61,914?. ; France, 4004, 5006?. ; other comutries, 6120 
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10,553?. : ^)jUndressed— Bnssla, 13,608 tons, 458,678/. ; Italy, 10,141,390,230?.; Germany. 7766, 
257,448?. ; (c) Tow or OodiUa— Italy, 29,906 ewt., 41,556?. ; Bnssia, 12,258, 16,139/. ; Germany, 
12,118, 14,310/. In 1879, the quantities were : — (a) Dressed — Italy, 18,710 ewt. ; Bnssia, 10,663 ; 
Germany, 5579; other countries, 1110; (6) Undressed — Bnssia, 18,273 tons; Italy, 9331; 
Germany, 6217 ; British B. Indies, 1969 ; other countries, 1077 ; (c) Tow or Ghdilla — Bnssia, 
26,087 ewt. ; Germany, 25,589 ; Italy, 24,713 ; other countries, 2165. 

Particular care must he taken to strip the fibre in fine dry weather ; should it get wet, it is 
almost certain to heat, and become totally spoiled. As it arrives at the shipping port, it is assorted 
according to quality, and made up into bales. At Petersburg, the classification is — clean or firsts ; 
outshot or seconds; halMeaned or thirds; and codilla. At Biga — clean, ontshot, and pass. 
More exactly, the labels are : — K S P, short black pass ; L S P, long black pass ; P P, Polish 
pass; PA, Polish outshot; P B, Polish clean; F P P, Polish fine pass; P P A, Polish fine 
ontshot; F P B, Polish fine clean; S.F P P, Polish superior fine pass ; S F P A, Polish superior 
fine outshot ; S F P B, Polish superior fine clean ; M B, clean marine. The approximate relative 
prices in London markets are : — St. Petersburg — clean, 25?.-27/. a ton ; ontshot, 23/.-25/. ; half- 
clean, 22?.-24?. ; Polish, 261.-331 . ; E. Indian, 14/.-24/. 

Carludovica palmata —Panama Screw-pine (C. Ameh., Jipijapa, Portorix)). — ^Eudogen; 
leaves 6-14 ft. long. This plant is particularly common in Panama and Darien, especially 
in somewhat shady places ; but its ge<^raphical range extends 'from 10° N. lat. to 2° S. lat., the 
grass being found all along the western shores of New Grenada and Ecuador, and even at Salango. 
From its unexpanded young leaves, are made the celebrated Panama hats, the plaiting of which 
can be conducted only at night or early morning,- the leaves being rendered brittle by the heat of 
the day. 

Caryota tireiis — Kittool, Indian gut. — Endogen ; palm, 50-60 ft. This tree is a native 
of the jungles of Malabar, Bengal, Assam, Coromandel, Travancore, and Ceylon, and has been 
recommended for culture in Victoria. The leaves, measuring 18-20 ft. long, and 10-12 ft. wide, 
contain a quantity of fibre. This is strong and durable, and will resist the action of water for a 
long time ; but it is liable to snap, if suddenly bent or knolted. In India, it is made into fishing- 
lines and bowstrings ; and in Ceylon, into ropes for tying wild elephants. The woolly material 
found at the base of the leaves is used for caulking purposes. Since about 1860, it has been 
regularly shipped in increasing quantities from Colombo to this country, as a substitute for bristles 
in brush-making, to which purpose it seems well adapted, after being soaked in coconut- or rape- 
oil. It is prepared by the natives, in lengths of about 30 in., and is exported in small bundles of 
about 28 lb., packed in gunny-bags. The value of the article in London markets is about 3J<?.- 
lOrf. a lb. Arthur Eobottom, of 43, Mincing Lane, states that the true kittool comes only from 
Ceylon, and that parcels received from India are of inferior quality. 

Cavanillesia platanifolia— Volandero. — Exogen. This plant is found abundantly in 
the eastern part of the State of Panama, and in New Carthagena. The inner bark affords a fibre, 
much resembling Cuba bast ; it has been pointed out as a paper material, as it pulps well, bleaches 
readfty, and makes a strong, white, opaque paper. 

Celosia cristata. — Exogen ; 6 ft. Common all over Bengal, and N. India generally. It 
yields a strong flexible fibre, so highly esteemed that rope made of it sells at 5 times the price of 
jute rope. 

Celtis orientalis — ^Indian Nettle-tree. — Exogen ; tree, 15 ft. It is common aU over India. 
The nether bark consists of numerous reticulated fibres, which some of the tribes of Assam convert 
into coarse textile fabrics. C. philippinensis, in the Philippines, and C. aspera and C. sinensis, in 
Japan, also afford useful fibres. 

Cliamaerops excelsa. — Endogen ; palm. Common in Sindh, Afghanistan, and N. China, 
being largely cultivated in the province of Chekiang. The fibres of the leaves are locally used in 
the manufacture of matting and cordage, and occasionally for textile fabrics. 

C. humilis — Palmetto (Fa., Palmier de Nain, Grin ve,jetal). — Cultivated in some parts of 
S. Europe and N. Africa, notably by the French colonists in Algeria. The plant is particularly 
abundant in the Departments of Alger and Oran, especially in the dry portion of the alluvial plain of 
the littoral. It multiplies rapidly, and caused much trouble to agriculturists tilt its usefulness was 
recognized. The leaves furnish about 50 per cent, of fibre. A man can cut about 400 lb. of leaves 
per diem. The extraction of the fibre, which is a simple operation, requiring the moat ordinary 
tools, is chiefly performed by women and children, a good day’s work being 90-100 lb. of dry fibre. 
This is rough, coarse, woody, and brittle; yet it finds seveial applications. The “light” or 
“green” quality has been twisted or curled in its raw state; the “black” has been dyed with 
logwood and sulphate of iron. The fibre is consumed principally as a cheap substitute for hair, 
for upholstery purposes ; with this object, it is largely exported to France, England, Germany, and 
the United States. LocaEy, it is occasionally applied to the manufacture of Cordage. It has been 
tried, with rags and esparto, for paper-making ; but it is r^rted as running a great deal to waste. 
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and- being expenrive and tronblesome to bleach. The exports, in 1872, were about 900 tons. The 
exports of “ vegetable horsehair ” from Algiers in 1877 were 9222 tons, and in 1878, 7678 tons; of 
palm-leaves, 400 tons in 1877, but only 1936 lb. in 1878. 

China.-gp:ass — See Bcehmeris nivea. 

Chlorogalum pomeridianum. — Endogen ; 8 ft. Frequent on the mountains of CaUfomia, 
and recommended for culture in Victoria. Its heavy bulb is covered with many coatings of fibres, 
which are employed for stuffing cushions, mattresses, &c. 

Chorisia speciosa. — Found in BrazU and the W. Indies. The seed-down is used for stuffing 
purposes, and has been occasionally imported to this country, under the comprehensive term “ silh- 
cotton ” or “ vegetable silk.” 

Cihotium Baroxnetz — Bulu fibre. — ^Fem ; 10-15 ft. Some uncertainty exists as to the 
species yielding Pulu fibre. It (or they) is a native of the Sandwich Islands and of the Indian 
Archipelago. It is found more or less on the five principal islands of the Sandwich group, but 
especially on Owyhee, in the districts of Hilo, Hamakua, and Puna. The plant grows on the high 
lands, commencing at an elevation of about 1000 ft., and extending upwards to about 4000 ft. The 
fibre, “ vegetable silk ” as it is called, is produced around the stalk, where the leaf or stem shoots 
out from the stock. Each plant yields only about 2-3 oz. of fibre, which occupies about 4 years 
in production. The gathering is a very slow and tedious operation. When picked, the fibre is wet, 
and has to he laid out on the rocks, or on mats, to dry. In favourable weather, this may be effected 
in a day or two ; but in the habitat of the plant, rains prevail, so that the fibre is often brought 
in a wet state to market, even after several weeks’ “ drying.” It is shipped closely packed in wool 
bales, principally to San Francisco, and, in a minor degree, to Australia and Vancouver’s Island. 
The supplies are being exhausted. The application of the fibre is as a substitute for feathers and 
horsehair, for stuffing purposes. The exports from Honolulu in 1878 were 212,740 lb., of which, 
Australia and New Zealand took 181,070 lb., and the Pacific ports of the United States, 31,670 lb. 

Cocos nucifera — Coconut fibre, Coir (Fb., Cocotier; Geb., Cocosnuss, Kair'). — Endogen; 
tree, 60-90 ft. This palm is very widely distributed throughout the intertropioal regions of both 
hemispheres, where the mean temperature is about 22° (72° F.). It is abundantly cultivated on the 
Malabar and Coromandel coasts of India, in Ceylon, and in all the islands of the E. Archipelago ; 
also on the coasts of tropical E. and W. Africa ; and in the W. Indies. It thrives best in low, sandy 
situations, within the influence of the sea-breeze, and never attains the same perfection when grown 
inland. This partiality for the sandy sea-shores, where no other plant wiU flourish, gives the tree 
an additional value. 

Its cultivation is a very simple matter, the tree being prolific, and requiring little care or atten- 
tion. The soil is cleared from weeds and undergrowth, and the thoroughly ripe nuts are placed in 
holes, and carelessly coveted with earth. In 3-A months, the nuts begin to germinate ; if planted 
just before the rains, and not transplanted, the young plants will require no watering during the hot 
season. But after the first year, moisture must be supplied twice daily until the 4th-5th year, and 
the roots must be carefully protected from exposure to the air. According to the soil and situation, 
the trees begin to bear fruit at 5-8 years, and continue to the age of 70-80 years, being most pro- 
ductive between 25 and 30. The yield of nuts will vary from 30-50 to 80-100 per annum. The 
W. Indian plantations have recently been devastated by the attacks of a small beetle (Passalus 
tridens}, A similar evil is reported from Zanzibar, in the shape of Oryctes monoceros, two other species 
of which are equally destructive in Bourbon and Penang. Trees may be saved by cutting out the 
larva, when the chewed leaf seen on the outside of the shoot shows that the plant has been 
attacked. 

Besides other useful products, to be noticed under Nuts, and Oils, the tree affords a fibre known 
as “ coir.” This consists of a coarse fibrous rind which envelopes the nuts. The quality of this is 
much impaired by waiting for the nuts to arrive at maturity, consequently, for fibrous purposes, the 
latter are usually cut at about the 10th month. H cut earlier than this, the fibre is weak ; if later, 
it becomes coarse and hard, requires a longer soaking, and is more difficult to manufacture. The 
removal of the fibre from the shells is effected by forcing the nut upon a pointed implement stuck 
into the ground ; in this way, a man can clear about 1000 nuts a day. The fibrous husks are next 
submitted to a soaking, which is variously conducted. In some places, they are placed in pits of 
salt or brackish water, for 6-18 months ; in other places, fresh water is used, but it becomes foul, 
and injures the colour of the fibre. The chief point to be considered is the duration of the soaking ; 
if it be continued too long, the fibre will be weakened, if it be curtailed, the subsequent extraction 
and cleansing of the fibre will be rendered more difficult. The most approved plan of conducting 
the soaking is in tanks of stone, brick, ^on, or wood ; steam is admitted, to warm the water. By 
this means, the operation is rendered very much shorter, and the fibre is softened and improved. 
The further separation of the fibre from the husks is largely effected by hand, by the natives of 
the E. Archipelago.* After thorough soaking, the husks are beaten with heavy wooden mallets, 
and then rubbed between the hands. 'Where our colonists have taken up the industry, machinery 
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has been adopted in place of hand labonr. The husks are crashed in a mill, consisting of two 
adjustable fluted iron rollers. The pressure here exerted flattens them, and prepares them for the 
“ breaking down,” or extraction of the fibre, performed in an “ extractor,” composed essentially of 
a drum or cylinder, whose periphery is coated with steel teeth that catch in the fibre, and tear it 
from the husk. The machine is covered in by a wooden case, to prevent the fibre Being scattered. 
The last operation is “ willowing,” or the removal of all short or hard fibres, as well as dirt, from 
the good fibre. It is effected by the “ dust-willow,” a basket of galvanized iron wire. The pro- 
portion of clean fibre obtained from the nuts varies much ; it may probably average 140-160 lb. fibre 
from every 1000 nuts. 

The fibres are coarse, stiff, and very elastic, round, smooth, and very clean, like hair. Their 
tenacity is remarkable. Their dimensions are — length, max.. O' 0393 in. ; min.. O' 0157 in. ; mean, 
O' 0275 in.; diameter, max.. O' 0094 in.; min.. O' 0047 in. Samples of the fibre exposed for 
2 hours to steam at 3 atmos., boiled in water for 3 hours, and again steamed for 4 hours, lost 
8 '13 per cent, by weight, as compared with Manilla hemp, 6 '07; Phormium, 6 '14; Italian 
hemp, 6 '18; Russian hemp, 8 '44. In Dr. Wight’s experiments, coir cordage broke at 
224 lb. Though not superlatively strong, the elasticity of the fibre, and the capacity it exhibits of 
withstanding the action of sea-water, render it valuable for cordage purposes, to which it is widely 
applied locally, besides being less extensively imported into this country for a similar use. The 
a^ptation of the fibre to textile fabrics is much impaired by the difficulty of spinning it into yam. 
The native-dressed fibre is quite unfit for such an application, and only a small proportion of the 
machine-dressed can be so used. The yam is now largely consumed for making press-bags, used in 
candle-making, oil-refining, sugar-making, and other manufactures, and also for mats and matting. 
These latter are being extensively made by the Oriental Fibre Mat and Matting Co., Highworth, 
Wilts. Improved machinery for making figured fabrics from coir has been recently patented by 
W. J. Sly and T. Wilson, of Lancaster. The fibre not suited for ropes or textiles is utilized for 
brash-making, as well as for stuffing purposes. It would doubtless be useful in paper-making, 
being described as applicable to the production of all kinds of white paper for which esparto 
is used. 

The shipments of this fibre from India were : — in 1876, 111,476 cwt. ; 1877, 176,684 cwt. ; 1878, 
141,024 cwt. Hankow, in 1878, exported more than 3000 piculs (of 133J lb.) ; Kiungchow shipped 
379 piculs in 1877, and 889 in 1878. The coir produced at Zanzibar is said to be very fine, and 
much admired at Calcutta, but it is little utilized. The plantations in Jamaica have not yet 
commenced to export. The approximate market values of the fibre and yarn are as follows : — 
Fibre — Cochin, good to fine, 191.-25/. a ton; coarse, 16/. 10s.-19/. ISs. Yam — good to fine, 
26/. 10s.-46/. a ton; medium, 21/. 5s.- 28/. 10s.; common, 14/.-22/, 10s. ; roping, 18/.-24/. 

Copernicia cerifera — Caruauha palm. — Endogen. A native of Brazil, and recommended 
for culture in Victoria, especially along the Murray River. It resists drought in a remarkable 
degree, and thrives on somewhat saline soil. Tlie fibres of the leaves are converted into rope, which 
resists decay in water ; they are also used for mats, hats, baskets, brooms, &c. The tree is, perhaps, 
more valuable for the wax it yields (see Wax — Carnauba). 

Corchorus sp. div. — Jute (Fb., Mauve des juifs, Corete textile; Geb., Jute; Bens., and 
N.W. Prot., Pat ; Orissa, KoxHa, Ndlitd ; Bubm., Phetivoon). — Exogen; annual, 5—10 ft. Several 
species of Corchorus are said to yield jute ; — C. capsularis, C. oUtorius, C. acutangulus (fuscus'), 
C. fascicularis, C. trilocularis. Of these, only the two first are cultivated for their fibre; though 
botanically distinct, no difference can be discovered in the commercial qualities of their respec- 
tive fibres, and they are universally grown as one plant ; they will be treated of collectively 
in this article. The remaining species are not cultivated, though they yield_ valuable fibres, and 
grow in wild abundance in some districts ; they will receive no further consideration here. ' 

Jute is essentially an Indian fibre, and it is in India only that it is produced in any quantity, 
though attempts are being made to naturalize it in America. At present, Bengal almost mono- 
polizes the culture of the plant. In most districts of Lower Bengal, both C. capsularis and C. oUtorius 
are grown ; in the central, and some of the eastern, districts, the former predominates ; while in the 
localities near Calcutta, the latter is more largely cultivated, and affords the well-known Luckhi- 
pore jute. Generally speaking, jute is extensively cultivated in the districts of Pubna, Dinagepore, 
Rungpore, Mymensing, Tipperah, Purneah, Julpigoree, Bogra, Dacca, Hooghly, and the 24-Per- 
gunnahs; moderately in Cooch Behar, Eurreedpore, Goalparah, Rajshahye, and Backergunge; 
scantily in Midnapore, Burdwan, Nuddea, Moorshedabad, Maldah, Howrah, Tirhoot, and Bhaugul- 
pore ; and, in the Suuderbuns, Durrung, Nowgong, Beebsaugor, the Sonthal Pergunnahs, Mann- 
bhoom, Singbhoom, and Cachar, whatever is grown is locally consumed, and the produce in some 
cases is insufficient. The future prospects of the cultivation may be judged of by the following 
facts. The present producing districts of Bengal comprise over 22 million acres of arable land, of 
which only about 1 million are under jute, so that should the demand be doubted^the culture would 
only absorb about ^th of the arable laud. This does not include the vast extent of reclaimable 



COECHOBUS SP. DIV.-JUTE. 


941 


I 


waste land. Many districts where the plant is now scantily grown offer opportunities for greatly 
increased operations. This is epecially the case with the alluvial soil of the Damoodar and Dalki- 
shore, in Burdwan ; the eastern portion of Beerbhoom ; Bancoorah ; the deep alluvium of the Bar 
Mehals, in Midnapore; the Bongong and Banagbat sub-divisions of Nuddea; the large old churs 
in the eastern districts ; the fine dedrds in the Ganges ; the banks of the Kumar, Kobogonga, and 
Gotai or Modhoomati, in Jessore ; the Gurjat estates, in Orissa ; and the vast unreclaimed lands in 
the Snnderbuns. The province of Assam offers another wide field, as the districts of Nowgong, 
Kamroop, Durrung, Seebsaugor and Luckhimpore. The same may be said of the Garo Hills, Naga 
Hills, Khasi Hills, and Jynteah Hills, of Cachar, of the Hill Tracts of Chittagong, and of HiU 
Tipperah, as well as of many parts of Chota Nagpore. Leaving the Bengal Provinces, there are 
immense tracts of suitable rich land, now lying waste, in the Central Provinces. Throughout British 
Burma, the plants grow wUd, and their cultivation might be developed to almost any extent. The 
Terai at the foot of the Kumaon Hills, in the North-west Provinces, appears to be a suitable field. 
In the plains of the Punjab, both species fiourish in a wild state, and might be very widely grown. 
The cultivation of both species is also carried on in Bombay, and might be increased. Madras pro- 
duces the plant in the northern districts, from Guntor in the Krista district, to Ganjam, but cannot 
yet supply its own needs. Two qualities of jute are grown in China ; a coarse kind, principally in 
Sanhevi, near Canton ; and a finer kind, raised in the Hankow districts. China, however, imports 
jute from India, in increasing quantity every year. Serious competition may be apprehended from 
some of the S. States of America ; on the rich lands of Florida, Georgia, Louisiana, S. Carolina, 
Texas, and Mississippi, jute threatens to displace cotton, affording heavier crops, at less cost. The 
plant is recommended for culture in Victoria. 

Cultivatidn. — The cultivation of the plant may be discussed under the following heads : — 

Soil — The plant grows luxuriantly in the Sunderbuns, where the land is more or less impreg- 
nated with salt; and thrives in the marshes of Furreedpore and Backergunge, in waist-deep 
water. The growing demand for it has caused all kinds of soil to be used, independently of 
their fitness for the cultivation, whenever other circumstances are favourable, and a crop can be 
anyhow raised. The bulk of the jute that comes from the central and some of the eastern districts 
is ^rown on churs, and on inferior soil ; but in the desi, or the littoral districts, a larger proportion 
is grown inland than on the banka of the rivers. The balance of evidence is decidedly in favour 
of high or sund lands as the best for jute, provided all the other conditions necessary for its healthy 
growth be attainable ; but low-lands and churs are not unsuited, churs ranking midway. 

In Burdwan, the plant is grown on soil composed of rich clay and sand in nearly equal propor- 
tions ; in Mymensing, on a mixture of clay and sand, or sand combined with alluvial deposit ; in 
Backergunge, on loam mixed with a little sand ; in Tipperah, on loamy and sandy soil ; in Pubna, 
on land which is neither inundated, nor dry, the soil being loam, i. e. half clay and half sand. 
On the other hand, it is not averse to a clayey soil, which, in some districts, is considered to be best 
It also thrives in ferruginous soil, as in Bhowal, Dacca, where it is pretty largely cultivated, and 
considered to be among the best descriptions which find their way to the markets of Dacca and 
Naraingunge. Latcrite and gravelly SOU are, however, not favourable ; neither is a light sandy 
soil. Wherever tried in the rice-fields of S. Carolina, it has grown most luxuriantly. 

Climate. — As regards climate, a hot damp atmosphere is most favourable. Too much rain at 
the beginning of the season, and early fioods, are equaUy destructive to the young plants, and 
injurious to the prospects of the crop. Except in low situations, seeds are never sown until after a 
shower of rain to help germination. Alternate rain and sunshine are found to be most congenial ■ 
but excessive rain, after the plant has attained a height of 2-3 ft., wiU not prove materially injurious, 
so long as no water lodges at the roots. The water so lodged does not kill the plant, for, as already - 
stated, in some districts, jute grows even in waist-deep water ; but it promotes the growth of 
suckers, which makes the fibre what is technically called “ rooty,” and it may be added that the 
jute produced in these districts is considered of comparatively little value. Frequent light showers 
at first, and heavier rains afterwards, with the gradual rise of the rivers, and a fair amount of sun- 
shine, contribute very largely to the healthy growth of the plant. It suffers less injury from excess 
of rainfall than from the entire want of it. Drought always stunts its growth, and very often even 
destroys it, if not sufficiently developed. But heavy rains have no such destructive effect, so long 
as they do not drown the plants, and there is sufficient sunshine to afford the necessary warmth. 
In America, the plant resists a frost which will injure cotton. 

Tillage.— The manner of preparing the land for sowing varies in different districts. It is com- 
menced early (say September) in the case of the low lands, churs, heels, &c., where there is consider- 
able risk of water rising high very earlj^ but is deferred to a later period on high lands, where no 
such apprehension need be entertained. The number of ploughings required is dependent entirely 
on the nathre of the soil, a clayey hard soil requiring a greater number of ploughings than a light 
sandy or loamy one.» Under any circumstances, the land should be so ploughed as to render the 
soil finely pulverulent, and to expose egery part of it repeatedly to the sun. • 
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Seed. — ^litQe attention is paid to the selection of seed, ft is generally gathered in October, 
from the worst plants purposely left standing in the outskirts of the fields, after the harvest has 
been reaped. . The reason for the preference of the bad plants for seed is that they are not good for 
fibre, and if not utilized for seed would be wasted ; and the cultivator does not wish to lose the 
fibre to be obtained from well-grown plants by allowing them to remain standing ti£ the seed-pods 
are matured. In limited districts, the best plants are left for seed ; but in most instances, poor 
plants in comers of the field are left. Tliese are cut in September-November ; the gathered pods 
are sun-dried for 4r-5, or even 5-10 days, and are then threshed ; the seed is stored in baskets, hags, 
or earthen pots. The average yield of seed (without husks) is about 370 lb. an acre. 

Sowing. — In the period of sowing, there are great differences, according to situation and climate ; 
in Bengal, the season extends from February to June, the most usual time being March- April. 
With one exception, the mode of sowing in Bengal is everywhere alike ; the seed is thrown broad- 
cast on a clear simny day, and covered over with a thin coating of earth. But in some parts of 
Sylhet, the sowing is effected in seed-beds, and the seedlings are afterwards transplanted. The 
seed required is about 22-28 lb. an acre. 

Weeding and Thinning. — Germination takes place in 3-4 to 7-8 days after sowing. The fields 
are then harrowed, or weeded, or both. The weeding is repeated 2-3 times, as needed. The crop 
is thinned by the removal of backward plants, leaving spaces of 6 in. to 8-10 in. between the plants. 

Exhaustion and Manures. — Generally speaking, jute exhausts the soil to a much greater extent 
than other crops. Even virgin land, which has been broken up for a first crop of jute, will, in the 
2nd year, lose about 25 per cent, of its productive power; and, even though afterwards heavily 
manured, its yield in the 3rd year will be about J of the 1st year’s crop. So that except in the case 
of rich low lands flooded annually, it is rare that jute is grown in one field for more than 3 years 
consecutively. This exhaustion is remedied by manuring, rotation of crops, and fallows. The 
manures ordinarily used are : — cow-dung, ashes, house-sweepings, oil-cake, the ashes of burnt jute- 
roots, the stubble of rice-crops ; cattle are often stalled upon the fields. An analysis of the plant 
would at once indicate what constituents were principally extracted from the soil. All refuse from 
the plant should be returned to the sod. Rotation of crops is practised in almost every district 
where jute is extensively grown, and is well understood by the cultivators, though no universal 
rules are current. The crops most frequently selected are mustard, rice, and pulses. Leaving the. 
land fallow for 2-3 years is resorted to whenever found necessary. 

Diseases and Pests. — Besides the injuries inflicted by unsuitable weather, the plants are subject 
to other serious evils. Entire fields are sometimes destroyed by a hairy caterpillar, which, in 
seasons of drought, eats the leaves and bark. An equally destructive insect is the cricket, which 
burrows into the ground, and either uproots the seedlings altogether, or cuts away tbe roots. 
During excessive rain when the plants are neck-high, a blight causes the leaves to shrivel, and 
the stem to shrink. Also during drought, a blight attacks the leaves, and stops the growth of the 
plants. 

Harvesting. — The season of the harvest naturally depends upon the date of sowing. Plants 
sown in March-April are ready in June-July; those sown in May-June are not harvested till 
September-October. The time considered best for taking the crop is when the plant is in flower, 
and just before the appearance of the pods. The fibre is then of superior quality. But sometimes, 
to avoid an impending deluge of water on the fields, or from a wish to be early in the market, the 
cultivator gathers the plant even before it has flowered. The fibre from plants which have not 
flowered is weak, while that from plants in seed is harsh, woody, of bad colour, and wanting in 
gloss, thongh heavier and stronger than the fibre of plants cut in flower. Whenever practicable, 
the plant should be cut either during inflorescence, or when the flowering is just completed. The 
method of harvesting is usually to reap the plant with a bill-hook or sickle. It is generally cut 
at a few inches above the root, unless the lower end is overrun with suckers. The plants are pulled 
up, when grown on land under deep water. 

Extraction and Preparation of the Fibre . — ^These operations are divided into the following 
branches : — 

Stocking. — ^After the crop has been collected, the plants are in some districts stacked in the field, 
and exposed to the action of the dew and sunshine, till the leaves, which if steeped along with the 
stalks are said to discolour the fibre, have dropped off. In others, the leaves are said to add to the 
weight of the stalks, and make them sink readily, and therefore they are not removed. Elsewhere 
the process of stacking is said to bring on the rotting of the bark more quickly, and accordingly the 
plants, after reaping, are left in the field for a period, which varies from 2-3 to 7-8 days. But in 
the majority of places, stocking is not practised. The stalks, when out, are made up into bundles, 
each of a weight sufficient for one man to carry ; in some places, of two sizes — long and short ; in 
other places, of three sizes— long, middling, and short. The swaths or bundles of stalky except in 
the distacts above named, are thrown into water at once after the plants have«been reaped. 

Betting. ^There is great risk of the bundles being sweptiaway by a sndden flood, if steeped in a 
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stieam; serioas duadvantage is also apprehended of the fibre being impregnated with sand, which 
is always carried in snspension by river currents. Stagnant water, therefore, wherever accessible, is 
resorted to for this process. But where stagnant sheets of water are not accessible, or where a river is 
near at hand, the stalks are steeped in the still pools or bays of a tidal river, and sometimes also in 
running water.* The recourse to stagnant pools is injurious to the colour of the fibre, and deprives 
it of glossiness and fineness ; but in this case, especially when a large proportion of decomposing 
vegetation is present, the process is much expedited. In steeping the stalks in water, they are 
covered with a layer of refuse tops of the jute plant, or other jungly plants, or with clods of earth, 
sometimes with cow-dung, sometimes with the trunks of plantain trees, or logs of the date tree, and 
sometimes with straw smeared with mud. This is done partly with a view to protect the upper 
parts of the bundles fium the action of the sun, and partly to keep the stalks sufficiently below the 
surface of the water ; also, it is believed, to hasten the process of retting. In some places, the 
bundles are first sunk by the root end, which is harder, leaving the upper end exposed above the 
water, and then, after 10-12 days, the upper end is pressed down to the same level with the root 
end, so that the whole length of the stalks may ret uniformly. In some places, the bundles are 
turned over while steeping. 

The duration of steeping is obviously regulated partly by the nature of the water used, that is, 
whether the water is of a stagnant pool, or of a run n ing stream ; and partly by the condition of the 
plant at the reaping time, that is, whether it was in flower, when the parenchyma of the bark 
would be tender, or whether it was in seed, when the parenchyma would be hard. Much 
also depends upon the temperature of the water while the steeping lasts. It is generally 
admitted that under-steeping leaves runners and pieces of bark adhering to the fibre, which is found 
to separate unequally, and to stop chiefly at the small knots which appear on the stem ; thus 
causing the black specks so often seen in jute. On the other hand, opinion is unanimous that over- 
steeping impairs the strength and flexibility of the fibre, and gives it a dull muddy colour. The 
process occupies from 2-3 days to a month. While the bundles are imder water, they are examined 
from time to time, to test how far the retting has progressed, and when it has gone so far that the 
fibres peel off readily, the bundles are taken out of the water, and at once put in hand for the sepa- 
ration of the fibre, according to the several methods prevailing in the different districts. In some 
places, however, the stalks are first dried in the sun. 

Beating, Washing, and Drying. — The process of separation most generally followed is to beat or 
shake the stems in water till all the resinous substance in the bark is washed away. The 
operator, standing in the water, takes by either end as many stems as he can grasp, and, removing 
a small portion of the bark from the root ends, he strips off the whole from end to end, without 
breaking either fibre or stem. Having thus treated a certain quantity, he proceeds to wash off. This 
is done by taking a large handful of the fibre, dashing it repeatedly upon the surface of the water 
and drawing it towards him, so as to wash off the disengaged foreign particles ; then he dexterously 
fans it out on the surface of the water, and carefully picks off all remaining black spots. The fibre 
is washed generally in the water in which the stems have been steeped ; but the cleaner the water, 
smd the more frequent the washings, the cleaner and whiter the fibre becomes. Whenever readily 
accessible, a running stream should be preferred for this process. After washing, the fibre is 
wrung out, and hung upon lines to dry in the sun for 1-5 days. Sometimes it is exposed alternately 
to sun and shade for a few days. When dry, it is made up into hanks, and is ready for the market 

Tield and Cost of Fibre . — The out-turn of fibre per acre varies exceedingly in the different districts 
of BengaL The average, including all districts, is about 1332 lb. an acre ; but this figure is not a 
true index of a fair crop on suitable soil, as it is affected by the scanty yield of a number of unfavour- 
able localities. Taking only the large jute-growing districts, the average would be about 1500 lb. 
an acre. In the Southern States of America, a yield of 3500 lb. an acre is confidently expected, and 
may doubtless be obtained with due care and attention. 

The estimated cost of the cultivation of 1 acre of jute, and the preparation of the fibre yielded 
by it, in Bengal, Assam, and Orissa, averages about 16s. This figure indicates what would be' the 
oc^ if hired labour were employed, rather than the actual expense entailed. Indeed it is generally 
maintained that jute would not remunerate the Indian agriculturist, if the necessary labour were 
not furnished by the community without cost. 

Suggested improvements . — Carelessness in tying the jute into bundles or drums before it is perfectly 
dry, causes much deterioration of the fibre. The season of cutting the jute determines the quality 
of its fibre, therefore that intended for cordage should be cut in seed ; but for other purposes, such 
as gunnies, carpets, &c., it should be taken in flower. This fact demands especial attention. The 
practice of drying the stalks for 2 day» before steeping is probably calculated to conduce to the 
strength of the fibre. Machinery for the cheap and effectual separation of the fibre has not yet 
been introcfnced into the industry. In the case of India, such a machine would have to be remark- 
ably simple and cheap. Lefranc’s ramie-dressing machine (see Boshmeria, p. 925), is said to have 
been used successfully. • • 
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Transport and Trade.— The hanks of fibre are brought by boat, or on men’s heads, to the nearest 
market, and there sold to the dealers who go into the interior. It is next put into small boats, and 
conveyed to the exporting marts- Serajgunge, Kaygnnge, Pangassi, Chunderkona, Oollaparah, and 
Shahajadpore. There the fibre is sold to the resident merchant, and is generally made np into 
drums, before forwarding to Calcutta. The great bulk of the jnte brought into (Jilcutta finds its 
way by water, and is for export. As it arrives in drums or hanks, it is made up into bales in the 
different screw-houses. The best fibre is pressed into bales of 300 lb. and 350 lb. The lower 
portion of the stems, which is hard, and entangled with bark and woody matter, is cut off from the 
clean fibre, and made up into bales of 350 lb. and 400 lb., known as “ butts,” or “ cuttings.” 

Adulterations.— K common plan for increasing the weight of the hanks is to pour water on them 
just before toViug them to market ; or to expose them to nightly dews ; or to make up the hanks into 
bundles, before the fibre is dry from the washing process. The introduction of bad fibre into 
bundles of superior quality is frequently practised. Of the fibres of other plants substituted for 
jute there appear to be only two — Hibiscus cannabinus and H. esculentus. The former is brought 
in small quantities to some of the markets of the Mymensing and Dacca districts ; it is very 
inferior, and is deUberately introduced with fraudulent intent. The latter grows extensively 
on some of the jute lands, and is often mixed with it without fraudulent motive. It is somewhat 
inferior. (See Hibiscus.") 

Varieties and Qualities . — The marked differences noticed in the jute produced in distinct 
localities have led to the assignment of a variety of specific names, principally the following ; — 
(1) Uttariyd, (2) Deswdl, (3) besi, (4) Deord, (5) Hdrdinganji, (6) Bdkrdhadi, (7) Bhdtial, (8) Karim- 
ganji, (9) Mirganji, (10) Jangipuri. 

(1) The first is by far the best. It is called Uttariyd, or “ northern jute,” because it comes from the 
districts to the north of Serajgunge— Rungpore, Goalpara, Bogra, parts of Mymensing, Cooch Behar, 
and Julpigoori. This jute possesses to the greatest extent those properties which are essentially 
necessary in fibre intended for spinning — length, colour, and strength. It-is, however, sometimes 
weak, and is never equal to the Besi and Deswdl descriptions in softness. (2) Next in commercial 
value is the Deswdl ; it goes down fairly with the trade on account of fineness, softness, bright 
colour, and strength. Its name implies that it is the native jute of Serajgunge, and its neighbour- 
hood. It first comes into the market in July- August. (3) The Desi jute is the produce of Hooghly, 
Burdwan, Jessore, and 24-Pergunnahs. It is a long, fine, and soft fibre. If its defects, which are 
stated to be fuzziness and bad colour, were removed, its market value would be very much 
improved. (4) The staple known under the name of Deord comes from Furreedpore and Backer- 
gunge. Its name is due to a village in Furreedpore, where formerly there was a large mart. The 
bulk of the fibre of this class is strong, coarse, black, and rooty, and much overspread with runners. 
It is used for the manufacture of ropes. Its value would rise if the dealers would refrain from 
pouring water on the prepared fibre. Occasionally small batches are met with of a very superior 
quality. (5) The Sdrdinganji 
jute, which is brought from 
Aralia, Karimganji, and 
other centres of the Narain- 
gunge mart, is mostly the 
produce of the district of 
Dacca. It is very good for 
spinning, being strong, soft, 
and long. But from some 
neglect in steeping, the 
fibre, by the time it reaches 
Calcutta, changes from its 
original colour to a brown or 
foxy tint, which detracts from 
its value. (6) The finest 
description of Dacca jute is 
the Bdkrdbadi fibre, which 
is raised on the churs of the 
river Megna. It excels par- 
ticularly in colour and soft- 
ness. (7) The Bhdtial jute 
is also the produce of the district of Dacca, and comes to ^alcntta from Naraingunge. It is grown 
on churs, and is called Bhdtial because it is imported to Naraingunge from the south or tidal side of 
that place. It is very coarse, but strong, and is to a certain extent in demand in the British markets, 
for the manufacture of ropes. (8) Karimgunge, in the Mymensing district, gi^es its name to a very 
fine descriptiqn of jute which is grown there. It is usuaU^ long, very strong, a'nd of good colour, 
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partaking to some extent of the nature (rf the Naraingnnge or Dacca jute. (9) The produce of 
Eungpore, though large, is generally of medium quality, and the worst kind of it comes from Mir- 
gnnge, on the Teesta, whence its name Mlrganji. (10) The produce of a portion of the Pubna 
district is known by the name of Jangipuri, so called from a small village of that name. It is a 
short fibre, wee^, and of a foxy colour, most objectionable for spinning. 

In addition to their fort- 
nightly circular, Eonaldson 
& Co., of 22, Mincing Lane, 
publish annually a very use- 
ful chart of the public and 
private marks and assort- 
ments of jute. 

Characters and Uses of 
the Fibre. — &. section of a 
portion of the stem of this 
plant is seen in Fig. 653: 
c, cambium ; e, epidermis ; 

/, bast fibres ; mag. 100. The 
bundles of fibres are arranged 
in lines forming a triangle. 

They are coloured distinctly 
yellow by test H. 

The fibres, mag. 300, are seen in Fig. 654 : a, section of bundles of fibres ; 6, fibres seen longi- 
tudinally ; c, ends. The walls are somewhat thin in relation to the size of the central cavity. The 
latter is almost always apparent up to the extremity of the fibre. The ends vary much in shape. 
Under test F, the fibres assume a full yellow colour, which distinguishes them moat readily 
from hemp and flax. The dimensions of the filaments are:— length: max., O' 196 in.; min., 
O' 057 in.; mean. O' 078 in.; diameter: mean. O' 0008 in. The shortness of the filaments explains 
their inability to withstand long exposure to water. The thinness of the walls, their rigidity, and 
their partial liguiflcation, indicate their liability to break when sharply bent. 

Samples of the fibre, exposed for 2 hoars to steam at 2 atmos., followed by boiling in water for 
3 hours, and again steamed for 4 hours, lost 21 '39 per cent, by weight, being about 3 times as 
great a loss as that snflered by hemp, Manilla hemp, pbormium, or coir. This indicates the com- 
parative woftblessnesB of the fibre for ropes. Slips of sized paper, weighing 39 gr., made from this 
fibre, bore 60 lb., as against Bank of England note pulp, 47 lb. The pulp washes and works satis- 
factorily, making a firm paper that bears ink well. The “cuttings” and “rejections” seem well 
salted to the requirements of the paper-maker. Jute is most largely consumed in the manufacture 
of sacking, known as “ gunnies ” ; also in a minor degree in mixed textiles ; the preparation 'of 
these will be treated of in a separate article — Jute Manufactures. 

Statistics and Prices . — The exports of raw jute from British India, in cwts., were as follows : — 
In 1874, 6,127,279; 1875,5,493,957; 1876,5,206.570; 1877,4,533,255; 1878, 5,450,276. The 
average yearly shipment from Calcutta in the years 1868-1873, was 4,858,163 cwt. The destina- 
tions of the Calcutta exports in 1872-73, in cwts., were : — United Kingdom, 5,050,499, besides 
cuttings, 221,676, and rejections, 154,339; N. America, 307,718; cuttings, 1,039,953; rejections, 
118,942; France, 137,126 ; cuttings, 10,715; rejections, 625; Trieste, 9139; Amsterdam, 5357 ; 
China, 3398 ; Ceylon, 1664; Straits Settlements, 452; Australia, 282 ; Italy, 45; Cape, 18. Also 
Bombay, 158,073 ; Madias, 21,898 ; Pegu, 13,767. 

The London market values of the fibre are approximately as follows : — Good, 161. 15s.-221. a ton ; 
medium, 131. 15s.-191. 10s.; common, 11/. 10s.-17/.; rejections, lO/.-ll/. ; cuttings, 9/. 5s. -9/. 10s. 

Cordia angustifolia. — Exogen ; tree, 12-15 ft. Found in Mysore, Bombay, and the Deccan. 
A fibre prepared from the bark is made into ropes, used in Malabar for dragging timber from the 
forests. It is very strong, and samples are said to have supported more than 600 lb. 

C. latifolia and C. Eothii afford similar fibre, used for rope, coarse cloth, twine, and netting. 

Cordyline australis — New Zealand Cabbage-tree. — Endogen; 10-20 ft. A native 
of Australia and New Zealand ; found chiefly in swampy situations, but grows also on hill-sides. 
It may be readily propagated from seed, and grows rapidly. The stem is thickly fibrous, and the 
leaves, which are long and ribbon-like, about 2J in. wide, contain much fibre. It is said that the 
whole plant might be made into paper-pulp. 

C. [Dracaena] indivisa — Toi, Mountain flax. — Endogen ; stem, 6 ft. A native of New 
Zealand, growing on the higher slopes of Moirnt Egmont, at altitudes of some 3000 ft., where the 
forest propeikgives place to scrub. The leaves attain a length of 4 ft., and a breadth of 4-5 in., and 
contain an abundance^ fibre, which diverges from the centre to the edge and top of the leaf. It is 
therefore shorter thim the leaf, and not of the same strength throughout ; but it is pjepared with 
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greater care than the New Zealand Flax {Phormiwn tenax), and is better for cordage purposes, as it 
does not contract in water. The natives use it in the mannfactnre of rough mats, employed as a cape 
to keep off the rain, it being more durable than phorminm fibre. Though the fibre is coarse, it seems 
well adapted for ropes, and paper-making. 

Other species in Australasia and China furnish from their leaves a superior fibje for ropes and 
other purposes. C. terminalis, C. robusta, C. nutans, found in Australia, China, India, the South 
Sea I^nds, Norfolk Island, &c., contribute fibres closely resembling phormium. C. mdivisa and 
C. p'jtmilio, in New Zealand, are said to yield respectively the toi and tirauriki of the Maories. 

Corypha [Xivistona] australis — Australian Cabbage-palm. — Endogen. The 
leaves are of great size, and yield a fibre which is utilized by simply splitting the leaves longitudi- 
nally. They are then woven into hats, 
baskets, netting, clothing, &c. A section 
of a portion of a leaf of this species is shown 
in Fig. 655 : e ef, epidermis, on each side 
of the leaf; /, fibre - vascular bundles, 
coloured yellow by test H ; p, parenchyma ; 
mag. 100. 

C. Gehanga, of Java, is similarly em- 
ployed. 

C. umbraculifera — Fan or Tali- 
pot Falm. — Trunk 60-70 ft. Very 
common in Ceylon ; grows also in Malabar 
and on the Malay coast. The fibres re- 
semble those of the preceding species, and 
are similarly employed. They are short, 
rigid, and with thick but irregular walls. 

Their dimensions are: — length: max., 

0‘196in. : min., 0‘058 in.; mean, 0-118 
in;; diameter: max., 0" 00112 in.; min., 

0" 00064 in.; mean. O’ 00096 in. They 
possess remarkable strength. Tents are 
commonly made of the split leaves in 
Ceylon. 

Cotton. See Oossypium sp. div. 

Crotalaria juncea — Sunn Hemp. — Exogen ; 4-8 ft. It is indigenous to S. Asia, and is 
widely dispersed throughout Tropical Australasia ; it is common in every part of India, and is 
extensively cultivated, especially in the N.-W. Provinces, where it takes the place held by jute 
(fiorchorus) in Bengal. Some 50,000 acres are occupied by it in the Punjab. 

Cultivation. — The plant is grown in various kinds of soil. In Ben^, high, rich land is pre- 
ferred, well ploughed, and freed from weeds ; in the N. Circars, a strong clay suits it best ; in the 
Deccan, any soil seems to suit it, and it kills out weeds. The season for sowing depends upon the 
rains. One crop, sown in June, is generally harvested about August-September ; another, sown in 
October, is gathered in April. The quantity of seed used varies between 80 lb. and 125 lb. an 
acre. It is sown very thickly, during showery weather, and is covered by harrowing, or other 
rough means. It grows very rapidly, and, if sown thick enough, keeps down weeds. Scarcely 
any attention is necessary. The yield of fibre averages about 700 lb. an acre. When required for 
fine purposes, the plants are gathered in flower; when greater strength is sought, they are left till 
in seed, or even until the seed is ripe. The harvesting is effected by uprooting the plants, and 
reaping is very rarely resorted to. After the plants are gathered, they are laid in ridges for 5-12 
days, which causes the leaves to decay and fall off. 

Extraction and Preparation of the Fibre. — ^When the stems have been cleansed of leaves, &c., they 
are submitted to a retting process, of varying duration, according to the season. It is usual for the 
first day to submerge only the lower portion of the stems, which, being thicker, require longer 
maceration than the more tender parts. It has been suggested that the fibre would be improved 
by first sun-drying the stems for 2 days, and by reducing the term of retting. The latter is con- 
tinued till the fibre separates easily from the stem, when it is cleansed almost exactly in the same 
manner as already described with jute (p. 943). After thorough washing, it is dried, and 
combed. 

Characters and Uses of the Fibre. — ^The dimensions^ of the filaments are: — length: max., 
0’472 in.; min.,0-157 in.; mean,0-30 in.; diameter :• max., 0 ' 0020 in.; min.,0'001 in.; mean, 

0 0015 in. The dressed fibre varies in length from 3 ft. 6 in. to 7 ft. Experiments metle upon its 
strength gave a breaking strain of 407 lb. Samples of the fibre, exposed f{(r 2 hours to steam at 
2 atmos., boilpd m water for 3 hours, and again steamed for 4 hours, lost only 2 • 93 per cent, by 
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weight, as against flax, 3’50; Manilla hemp, 6'07 ; hemp, 6‘18-8‘44. The average weight 
snstained by slips of sized paper, weighing 39 gr., made from the “raw ” fibre, was 64 lb., as com- 
pared with Bank of England note pulp, 47 lb. One batch was reported to make a nice, clean, 
smooth paper, of good colour, but not taking ink well ; another worked “ wet ” during pulping, but 
bore ink weU* The fibre is remarkably well adapted for cordage and netting. Large quantities 
are shipped for the English market, and it forms the bulk of the so-called “ hemp ” exported from 
India. 

C. tenuifolia — Jubbulpore Hemp. — Botanists now consider this a mere variety of the 
preceding. The plant is cultivated in precisely the same way, and the fibre it aflTords is similar in 
character and application. 

Others of the many species of Crotahria deserve attention for their fibre-yielding qualities. 
C. dissitifiora, C. linifolia and C. crispcita, occur wild in Australia. 

Cryptostegia gfrandiflora. — Exogen. Native of Malabar and Coromandel. Yields a fine 
strong fibre, resembling flax, and which may he spun into the finest yarn. 

Cyperus Papyrus— Papyrus. — Endogen ; sedge, 5-10 ft. Grows on the marshy banks of 
rivers in Abyssinia, Sicily, and Palestine; it formerly abounded on the NUe, but is now almost 
extinct in Egypt. The fibrous stem has been used for making sails, cordage, cloth, mats, and 
sandals. Strips of the stem, plaited, and treated with gum-water, constituted the papyrus of the 
ancients. 

C. teg;etum. — ^Very common in Bengal. The stems or culms are split, while green, into 3-10 
pieces, and largely used for making mats. 

O, teztilis. — Widely dispersed over the Australian continent, but not yet noticed in Tasmania 
or New Zealand. Occurring also in South Africa. It is restricted to swampy localities. It is the 
best indigenous fibre-plant in Australia, and is likewise notable as being with ease converted into 
pnlp for good writing-paper. Its perennial growth allows regular annual cutting. 

Cytisus scoparium [Genista scoparia]— Broom. — Exogen. This plant is probably best 
known as affording a dye (see Dye-stuffs), yet it yields a fibre which may at least be used for paper- 
making, even if there be no truth in the 
statement that it was formerly employed 
for textile fabrics in Italy and S. 

France. A section of a portion of the 
stem of this plant is shown, mag. 100, 
in Fig. 656 : a, bark ; h, lignose ; e, 
epidermis ; /, bast fibres, coloured blue 
by tests F H. The fibres are short, 
uniform, fine, and supple. Their 
dimensions are: — length: max., 0*354 
in.; min., 0*078 in.; mean, 0*2 in.; 
diameter: max., 0*001 in. ; min., 0*0004 
in.; mean, 0*0006 in. Paper-makers 
have hitherto found some diflSculty in 
utilizing the plant, by reason of the 
presence of a small proportion of woody 
fibre in the branches, which has the 
effect of making little lumps in the pulp. The plant deserves attention, as it can be grown on arid 
and waste land. 

Heemia extensa. — Exogen. Twining, shrubby. Found wild in Bengal and in the Himalayas 
(from Darjeeling to Nepal), and one of the commonest weeds in the Deccan. Its stem yields a fibre 
which has been recommended as a substitute for flax ; it is said to be very fine and strong, and to 
have gained a medal at the Madras Exhibition, 1855. 

Daphne papyracea [cannabina]— Nepal Paper-shrub.— Exogen ; shrub, 5-6 ft. A 
native of the Himalayas — ^Nepal, Ehasia, and Silhet — growing on the most elevated and exposed 
parts of the moimtains, even where they are covered with snow. It seems to thrive luxuriantly only 
in the ■vicinity of the oak. The inner bark, prepared like hemp, affords a very superior paper 
material. The paper made from it is particularly suitable for cartridges, being strong, tough, and 
not liable to crack or break, however much bent or folded ; it is proof against being moth-eaten, 
and is not affected by change in the weather ; if drenched, or left in water for a considerable time, 
it wiU not rot. It is in universal request locally for writing deeds and records on, being quite 
smooth, and almost indestructible. Engravers say that it affords finer impressions than any English 
paper, and nearly as good as the fine Chinese paper. The fibre is also made into very strong oor^ge, 
which, whan worn out, is still convertible into excellent paper. 

D. avareda is utUioed in Spain, where it is very common. 

Debreg;easia*sp. div. — Ex(^en. ^veral species of this plant furnish a fibre resembling that 
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afforded by the Bmhmena, or China grass, and valuable for textile fabrics. They are chiefly ; 
D. edulis, indigenous to Japan, and recommended for culture in Victoria ; D. Ttypoleuca, on the Hima- 
layas, and in Abyssinia, up to elevations of 8000 ft. ; D. velutina and B. WalUchiana, ascend the 
Himalayas for several thousand feet. From the former, many of the Assam tribes obtain their 
cloth. t 

Diplarrliena Ifforsea. — Endogen. The native lily of Tasmania, occurring in abundance on 
the poorest lands. Fibre is extracted from the leaves. 

DolictLOS sp. div. — Exogen. D. trilobus is a very important fibre-plant in China, textiles 
made from it being termed “ grass-cloth,” like those from nettle-fibre. It has been utilized from 
the earliest times, and the manufacture is very extensive. From £>. umbellafus, widely grown in 
Japan, no fibre is separated ; but D. iuberosms and B. bulbosus (in China) are turned to account. 

Dombeya [Astrapoea] cannabina. — ^Exogen. Native of Madagascar. The fibrous bark 
is locally made into rough but strong ropes. 

Edgewortbia Gardner!. — Exogen. Native of the Himalayas. Affords a paper fibre resem- 
bling that yielded by BapJirw papyracea. 

Elseis guineensis — Oil palm. — Endogen. This W. African palm is very widely known for 
the valuable oil yielded by its fruits (see Oils). Its leaves contain a fibre which has not received the 
attention it seems to merit. The filaments are very fine, clean, and regular, like bundles of horse- 
hair; they are supple and very strong. Their dimensions are: — length: max., 0-137 in.; min. 
0-058 in.; mean, 0 - 097 in. ; diameter: max., 0-00052 in. ; min., 0-0004 in. ; mean, 0-00044 in. 

Erechtbites bieracifolia — Fireweed. — This plant springs up as a weed on recently cleared 
land in America. Its seed-pods yield a fibre much resembling cotton, but the seeds are smaller, and 
require no ginning to separate them from the boll. This fibre may be spun and woven, and wicks, 
ropes, yarn, and paper, are said to have been made from it. The application to paper-making was 
especially successful, the product comparing well with the silk-made papers of China and Japan. 

Eriodendron anfractuosum. — Tree, 50-60 ft. One of the many “ silk-cottons.” Common 
in both E. and W. Africa, in India, and in the Sunda Islands. The silky seed-down is too short and 
brittle for weaving, but is used for stuffing. 

B. Samauma, of Brazil, is similar. Also E. gossypmm and E. caribceum (in Cubs and Porto Rico). 

Eriopborum comosum — Cotton grass. — Endogen. This plant is very common in the 
N.-W. Provinces of India, growing abundantly in the ravines on the sides of the mountains, and 
is to be had for the cutting. Its seeds are clothed at the base with a cotton-like substance, which is 
used for stuffing and wick-making purposes, as well as for paper-making. The fibrous leaves are 
very extensively used locally for making rough, strong twine ; and very thick cables of it are em- 
ployed for rope-bridges in the Himalayas. Though pretty strong when newly made, the ropes are 
not durable. Reports on its paper-making qualities state it as being of about the same strength as 
esparto, and capable of making equally good paper. The yield is 42 per cent., and the oonsmuption 
of “ bleach ” is small. 

Eryngium ? sp. — Exogen. A native of the Argentine Republic. The leaves afford a fibre 
which IS well spoken of by paper-makers. 

Esparto. — See Lygexun Spartum, Macrocbloa tenacissima. 

Eucalyptus sp. div. — Exogen. A’, (ncmosa) has a very fibrons bark, applied to many 

purposes in Tasmania, Victoria, and S. Australia. E. fissilis is less fibrous. 

Eugeissonia tristis. — Endogen. Native of Penang. The fibrous leaves are woven into 
mats. 

Fitzroya Patagonica — ^Alerce. — Exogen ; tree, 100 ft. A native of Chfli, as far south as 
Chiloe. It grows in swampy places. The outer bark yields a strong fibre, used for caulking ships. 

Flax. — See liiniun usitatissimum. 

Fourcroya longeeva. — Endogen; trunk 50 ft. Inhabits the mountains of Gautemala and 
Mexico, at about 1000 ft. Dies after flowering. It is recorded as fibre-yielding. 

Freycinetia Banksii — Kiekie. — Endogen. Native of New Zealand. It grows luxuriantly 
in swampy places in the forest, and could be obtained in great abundance. Its fibre will probably 
be found valuable for paper-making. 

Gossypium sp. div. — Cotton (Fb., Coton; Gek., Baumaolle'). — The number of species of 
the genus Gossypmm has been variously stated at figures ranging from 7 to 20, with many additional 
varieties. Avoiding this botanical confusion, it will suffice to state that the species and varieties 
of the cotton plant affording fibre of any commercial importance may be divided into two typical 
sections : Indian or Oriental, which are different forms of (?. heriaceum ; and American or Occi- 
dental, which are of two distinct kinds — (?. barbadense, aiql G. hirsutum. All cultivated kinds axe 
naturally perennials, or become so in favourable climates. 

Bistribution. — The cotton plant is very widely distributed, and may in fact be considered as 
indigenous to all iutertropical regions. The geographical parallels betweeijiwhich cotton culture 
is usually placed stretch in varying girdles between 36° N. lat. and 36° S. “lat. Vet the area 
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within which the cnltivation is systematically pursued is comparatively limited, not so much by 
climatic and geological conditions, as by the question of labour supply. 

United States. — It thus happens that, despite the efforts made to supplement, or even replace, 
the supplies of cotton from America during and immediately after the war, things have resumed 
their former |(;ate, and the world is still mainly dependent upon America for its most important 
textile fibre. On the other hand, increased labour difiSculties, and impoverishment of the land by 
bad culture, temporarily reduced the production in many districts by fully two-thirds. This state 
of things seems now to have completely righted itself. According to the oflScial returns of the 
Department of Agriculture at Washington, the average yield per acre has increased from 192 lb. of 
lint per acre in the years 1868-1871, to 200 lb. in 1872-1873, and 216 lb. in 1876-1879, there being 
a steady advance from 160 lb. in 1868 to 260 lb. in 1879. Moreover, the oldest cotton state, 
S. Carolina, shows a rise from 143 lb. in 1868 to 200 lb. in 1879. The cotton region of America is 
confined to the Gulf States — S. Carolina, Georgia, Plorida, Alabama, Mississippi, Tennessee, 
Louisiana, Arkansas, and Texas. The cnltnre is creeping away from the Atlantic sea-board, west- 
wards to new lands. The cotton region may be roughly divided into four zones : — (1) A narrow belt 
of land, overlying Tertiary and Post-tertiary deposits, extending along the coasts of S. Carolina, 
Georgia, and part of Plorida; this district produces the “ Sea-Island ” or “long-stapled ’’cotton, which 
excels in length, strength, and beauty of staple. (2) A broad tract, underlaid by Cretaceous rocks, 
sweeping round the S.W. extremity of the Alleghanies, extending over portions of Georgia, 
Alabama, Mississippi, and Tennessee, and reappearing in Texas. The predominating rock in this 
region is a soft, argillaceous limestone, called “ prairie ” or “ rotten limestone,” overlying which are 
the rich “ prairie lands.” (3) Light sandy soils occupy large portions of S. Carolina, Georgia, 
Alabama, and Mississippi, generally underlaid by metamorphic rocks — gneiss, and talc- and mica- 
schists, — and to some extent by Silurian and Carboniferous sandstones and limestones ; these lands 
are much poorer than (2). (4) Eich alluvial deposits, or “ river-bottoms,” stretch along the lower 
Mississippi, and its tributaries, the Eed Kiver, the Arkansas, the White River, the Yazoo, &c., and 
along the Colorado, the Brazos, the Tennessee, &c. ; these are very fertile, but subject to immda- 
tion. In the last three zones, are grown the “ Georgian Uplands ” or “ Boweds ” variety, the result of 
the cultivation of Sea-Island cotton on the interior uplands ; and the two kinds of “ New Orleans ” 
or “ Uplands.” Boweds and New Orleans cottons form the great staple of production, and are 
commonly known in England and on the Continent as “American ” simply. The culture is being 
energetically revived in California, where it was tried unsuccessfully, and abandoned, in 1877. 

The production of the chief cotton states in the years 1859-60 and 1878-9 respectively, stated 
in bales, was as follows ; — Mississippi, 1,202,507, 660,000 ; Alabama, 989,955, 650,000 ; Louisiana, 
777,738,610,000; Georgia, 701,840, 600,000 ; Texas, 431,463, 900,000; Arkansas, 367,390, 570,000 ; 
S. Carolina, 353,412, 350,000. The American cotton acreage in 1880 was as follows: — Alabama, 
2,292,215 acres ; Mississippi. 2,180,614 ; Texas, 1,886,786 ; Georgia, 1,883,571 ; Louisiana, 1,336,660 ; 
Arkansas, 1,212,188; S. CaroUua, 1,054,345; Tennessee, 875,679; N. Carolina. 661,534; Florida, 
229,386 ; total, 13,612,978 acres. 

The area occupied by cotton, and the quantity of the staple produced in the United States, in 
the years 1875-8, were as follows 1875 — 10,803,030 acres, 4,600,000 bales; 1876—11.677,250 
acres, 4,438,000 bales : 1877— 12.600,000 acres, 4,760,000 bales; 1878—12,266,800 acres, 5,216,603 
bales. The greater portion of the crop of Louisiana, Mississippi, N. Alabama, Arkansas, and 
Florida, is taken to New Orleans, which receives about one-third of the entire produce of the 
country. The ever-increasing Texas crop is concentrated in a great measure at Galveston. The 
N. and S. Carolina exports, in bales, in 1878, were:— From Charleston: to Great Britain, 123,322; 
France, 70,355; N. Europe, 60,344; S. Europe, 43,420; American ports, 132,964. From Wil- 
mington : to Great Britain, 35,007 ; France, 1780 ; N. Europe, 19,890 ; American ports, 88,530. 
The foreign exports from Mobile, during the year ending 31 Aug., 1879, were as follows : To Great 
Britain, 56,649 bales, or 27,753,535 lb. ; France, 35,583 bales, 17,744,562 lb. ; Germany, 8,940 bales, 
4,463,398 lb. ; HoUand, 8428 bales, 4,210,240 lb. ; Russia, 6612 bales, 3,309,286 lb. ; Spain, 6442 
bales, 3,229,246 lb. ; Italy, 3058 bales, 1,520,760 lb. ; Austria, 925 bales, 462,066 lb. The ship- 
ments to Great Britain in 1878 took place from the following ports : — New Orleans, 822,492 bales ; 
New York, 342,384; Galveston, 173,481; Savannah, 163,099; Norfolk, 156,687; Charleston, 
123,322 ; Mobile, 88,083 ; Wilmington, 35,007 ; other ports, 197,417. The New Orleans export of 
1877-8 was thus distributed :— To Great Britain, 822,492 bales; France, 325,406; coastwise, 
251,673 ; N. Europe, 238,271 ; S. Europe, Mexico, &c., 66,952. New York exported 442,577 bales 
to Great Britain in 1879. Savannah, in 1879, exported 458,208 bales of Uplands, and 1784 bales of 
Sea-Island ; of the total, 202,625 bal^ came to British ports. Of the entire cotton-crop of 1875-6 
(1 year). Great Britain took 45-08 per cent. ; N. Europe, 10-80 ; France, 9-90 ; other ports, 4-70 ; 
leaving for consumption by American spinners in the north and south, 29-52 per cent. 

The cost of rarj^g cotton, upon a plot of 150 acres devoted exclusively to that culture, is thus 
estimated : — ‘ 
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Interest at 7 per cent, an value of land, $1500 $105.00 

Interest on value of four mules, implements, &c., $550 38.50 

Eepairs of fencing at 13c. per acre 19. .50 

Wages of one white foreman and manager 200 . 00 

Wages of three negro ploughmen 21p.00 

Provisions for four hands 100.00 

Pood for four mules (one year) 300.00 

Salt and potash for manure, at §1 per acre 150.00 

Twelve bushels of cotton-seed for manure and planting per acre, say 

1800 at lOo 180.00 

Hire of eight extra hoe-hands, six weeks 120.00 

Extra labour for picking cotton 120.00 

Toll of l-15th for ginning .. .. 195.00 

Taxes at 1^ per cent, on $2050 25.12 

Add for sundry incidental expenses ' 100.00 

Interest on outlay ef $1700, at 12 per cent, per annum, average time 

four months 68.00 


Total expenses ^ .. .. $1,831.12 


150 acres, at an average yield of 216 lb., produce 32,400 lb., equal to a cost of about 5i^c. a lb., 
delivered at the railway stations. The expenses, from the interior to the shipping ports, average 
about |c. a lb., making the cost at the ports about 6^c., equal to about to which about 

l^d. are added in expenses of shipment and delivery at Liverpool, making the total cost of the 
production of cotton dehvered at Liverpool about 4^^. a lb., for average strict good ordinary. 

W. Indies. — Before the present century, England obtained her chief supply of cotton from the 
W. Indies. The sort there grown was the Sea-Island, known also as Anguilla, and said to be 
indigenous to Honduras. The product was highly esteemed, and has probably never been 
surpassed in quality ; but the cultivation has had to give way before the sugar-cane, and the pro- 
duction is now trifling. The exports from the Spanish island of Puerto Rico have declined from 
2506 quintals (of 101^ lb.) in 1874, to 150 quintals in 1878. 

Central and S. America. — Several of the countries of Central and S. America figure as cotton 
producers. A variety of the plant largely grown is (?. penivianum (acuminatum), the “ tree-cotton ” 
of Peru, an arborescent kind, attaining a height of 10-15 ft., yielding large crops for 4-5 years, 
lasting for 8-10 years without renewal, and, in the Andes, bearing cotton while frosts whiten the 
ground ; it furnishes the cottons known in the market as “ Pernams,” “ Maranhams,” &c. 

In Brazil, where the plant thrives well from Para to Rio Grande, much cotton is now raised 
from New Orleans seed, and is known as “ Santos.” The cultivation in the province of Bahia is 
falling off, owing to the excessive cost of carriage from the interior ; the little that comes to market 
is taken up by local mills. During the financial year 1877-8, Bahia exported 34,177 kilo, of raw 
cotton, of which more than half came to Great Britain, and the remainder went to Portugal. In 
1878-9, the quantity was 37,371 kilo., and the proportion to Great Britain was increased to over |. 
Ceara, in 1878, exported 468,051 kilo, to England, 3217 to Hamburg, and 1420 to Havre. 
Maceio, in 1877, shipped 58,801 bags (of 75 kilo, each) to Great Britain, and 155 to New York and 
Lisbon ; in 1878, the figures were 37,384 to Great Britain, and 3590 to Russia. In Paraiba, the 
crop of 1877-8 was only 1150 bags. Cotton is one of the staple productions of the province of 
Pernambuco. The shipments from the port, in the year 1877-8, were : — to Great Britain, 2,443 505 
kilo.; Spain, 1,236,929; Portugal, 589,426; France, 363,277; Russia, 198,026. In 1878-9, the 
figiues were Great Britain, 2,060,607 ; Spain, 1,046,061 ; Portugal, 511,545 ; France, 284,573 ; 
Russia, 176,742. 

Ecuador is a small producer of cotton. The exports from Guayaquil, in 1877, were 2489 
quintals (of lOli lb.) ; in 1878, 142 ; and in 1879, 200. This decrease was caused by continued 
heavy rains. 

Surinam, in 1821, exported 1,500,000 kilo, of cotton; in 1850, the figure had fallen to 500,000. 
Since the emancipation of the slaves, the cultivation has not been lucrative, and the 14 estates of 
1863 are now reduced to 6, with a cotton area of about 1800 acres. In 1877, the production was 
202,659 kilo. ; and the exports, 95,073 kilo. The latter, in 1878, were only 84,600 kilo. 

Europe. — Of European countries, Italy alone seems to possess the conditions requisite for 
successful cotton culture. The American war gave the industry a new impetus, and quantities of 
New Orleans seed were supplied to the peasants in place of ^e short, weak, and ill-coloured staple 
they were then growing. In 1864, 217,557 acres were planted with cotton ; but 10 yearsblater, this 
figure had fallen to 85,388, the production decreasing in the same period 1,225,770 cwt., 

to 354,827 cwt. The present centres are around Bari and Barletta, on the ^Adriatic ; in the 
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neighbourhood of Salerno, Saron, and Casiellamare, S. of Naples; and in the provinces of Cal- 
tanissetta and Girgenti, on the S. shores of Sicily. The products are known respectively as 
“ Pngliar,” “ Castellamare,” “ Biancavilla,” and “ Terranova.” Sardinia also grows a little. 

A&ica. — Several portions of the African continent promise to afford considerable supplies of 
cotton. ForetBost among them is Egypt, which is perhaps entitled to be considered the finest 
cotton-growing country in the world, not even excepting the S. States of America. The 
indigenous plant has been grown from very remote times, but cotton cultivation may he said to 
date from the introduction of American seed in the present century. The industry has spread 
widely in Lower Egypt, where soil and climate are specially suitable, but labour is scarce. A still 
more likely district is to be found in the rich alluvia of the Soudan, where hundreds of thousands 
of acres await systematic husbandry. Experiments have recently been made to teat whether the 
sowing-season of the ordinary plant might not be deferred from February-March to July, so as 
to bring the picking-season into June, instead of September-October. In this way, the dangers of 
fogs, heavy dews, and inundations, to which the plants are now liable, would be greatly reduced. 
On the other hand, the production from the soil would be limited to one crop annually, instead 
of two; but it is thought that the one crop would then be equal to two of the present. The 
weight of the crop obtained in the years 1871-8, stated in cantors (of 98 lb.) was as follows : — 1871-2, 
2,044,254; 1872-3,2,298,942; 1873-4,2,538,351; 1874-5,2,106,691; 1875-6, 2,928,498; 1876-7, 
2,773,258 ; 1877-8, 2,593,670. Owing to the very high Nile of 1878, and a favourable season, the 
crop of 1879 was the heaviest on record. It was estimated at 3,250,000 cantors (of 98 lb.), or 
500,000 bales (of 5| owt.) ; and the quality was correspondingly good. The exports of this crop, 
from Oct. 1879 to Mar. 1880, have been in the proportion of 67^ per cent, to England, 14J per cent, 
to Bussia, and the remainder to Austria, France, and Italy. There is a noteworthy growth in the 
export to Russia of late years. Early in 1877, a new variety of Sea-Island cotton, which had 
appeared in the Menoufieh district, attracted much attention. Its chief peculiarity lies in its 
fastigiate form of growth, 2-3 branches rising straight up from the main stem to 8-10 ft., without 
any secondary ofishoot. It was called “ Bamia,” from its resemblance to Hibiscus esculentus, and 
the erroneous supposition that it was a hybrid between cotton and that plant. It bears an average 
of 50 pods, and its mode of growth allows much closer planting than with ordinary cotton, so that 
the yield is nearly doubled, while the quality is excellent ; but the plant requires much more water, 
which is a great drawback to its extended culture in Egypt, and it has not as a rule maintained its 
reputation when grown elsewhere — India, Fiji, &c. Nevertheless it is advancing in pubUo favour 
both with growers and consumers, 

Algiers exported 33,244 kilo, in 1877, and 27335 kilo, in 1878. In Natal, the plant grows to 
perfection, and has yielded Sea-Island staple nearly 3 in. long, and of silk-like quality, without any 
attention. In the Umkomas valley, an acre yielded 300 lb. clean cotton. Several of the W. African 
States possess equally suitable soil and climate, but lack labour. 

Turkey, Levant, Persia, <Sco. — Much of the Ottoman Empire is unsurpassed in natural conditions 
for cotton-growing, and might contribute very largely; but the energy displayed during the 
“ cotton-famine ” has not long survived. The country around Smyrna is most noted, the plantations 
being chiefly situated on tlie plains and slopes bordering the Meander, and other streams draining 
the Sultan Dagh range. The Roumelian coast, from the Gulf of Saros to the Gulf of Salonica, 
might produce large crops. Turkish cottons are named after the districts where they are grown, 
which are chiefly Cassaba, Aidin, Deuizli, Kirgagatch, and Danidir. It is classed as Tchikrik or 
unginued, and SvJmtcha or ginned, and finds its way into the Smyrna market. The Adana cotton 
comes from Tarsus, and is shipped at Messina. Turkey cotton is carelessly grown, badly gathered, 
of mixed staple, and imperfectly cleaned. Its position in the market shows what might be done 
with it. The 75,000 bales annually exported go chiefly to S. European ports. Adana, in 1878, 
exported 18,760 bales, or 5,913,820 lb., value 94,8707. 

Cyprus grows cotton, chiefly in the Messaorea, on the plains of Morpho and Nicosia, and in the 
districts of Lamaka, Buffo, Famagusta, and Earpas. The beat staple, however, comes from Lefka 
and Kythrea. In ordinary years, the production is perhaps 10,000 owt., a trifle only of what might 
be raised. 

In different parts of Syria, cotton has been cultivated for ages, but inattention has caused the 
staple to deteriorate. Consul Moore enumerates the following localities where water is abundant, 
and cotton culture might be successfully maintained : — The sources of the Jordan, the valley of the 
Bekaa and Baalbec, the sources and banks of the Orontes, the plains beyond Damascus, that part 
of Mesopotamia on both sides of the Euphrates, chiefly waste lands. The plains in the vicinity of 
Alexandretta and Tarsous, and the N^lous and Anagreath mountain districts, produce cotton 
without irrigation, water being scarce. 

A larga quantity of cotton is grown about Erivan and the frontier of Persia, as also in 
Ghilan and the intq(jor. The export trade amoimted at one time to 100,000 bales yearly ; and, 
though it is now^mhch crippled by duties, still continues to flourish, and shows what might be done. 
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Inoreasbig quantities are being sent to India, from Bnahire. The exports of raw cotton from Gfez 
and Casvin to Russia were valued at 55,760f. in 1878, and 34,615/. in 1879. The exports from the 
province of Asterabad, in 1879, were 19,580 bales, value 37,306/. 

Central Asia. — The Central Asian countries of Bokhara and Turkestan, notably the former, 
produce annually about a million cwt. of very inferior cotton, much of which finds itssvay to Nishni- 
Novgorod and Moscow. The culture is increasing. It is hoped that the duty levied on imports of raw 
cotton will develop the culture in Central Asia and the Caucasus. Hitherto, Central Asian cotton 
has been used only in mixtures with American cotton ; but it is said that at Turfan, in E. Turkestan, 
a little to the south of the Tian-shan Mountains, cotton equal to American is grown, and it is 
believed that by protecting this, Russia may be ultimately rendered independent of American 
cotton. There is more cotton raised now in this district than in aU Central Asia besides. The 
climate is favourable ; the plant attains a height of 9 ft., and a thickness of stem of 2 J in. 
The crop is gathered in early August. 

India. — India now ranks second only to the United States as a source of cotton. Owing to 
climatic and other influences, the staple is short, and not so well adapted for spinning as some 
other varieties. Until the American war, the demand for “ Surats,” as Indian cottons were called, 
was small in Europe, though cotton had always been cultivated on a large scale, for home con- 
sumption and export to China, Sic. The crop is well suited to the soil of many parts of India, and 
is understood by the peasants, hence the stimulus of high prices has attracted science and capital to 
the industry, and has resulted in a greatly increased production. The subjoined Table, prepared 
in 1872, shows approximately the extent of cotton cultivation (in acres), the average produce per 
acre (in lbs.), and the total estimated yield (in bales of 400 lb.), of the several provinces and 
presidencies of India ; — 


Political Divisions. 

Cultivation. 

Produce 
per Acre. 

Total Produce. 


Acres. 

lb. 

Bales. 

Bombay Presidency and Sindh 

2,200,000 

80 

440,000 

Bombay Feudatories 

2,000,000 

80 

400,000 

Central Provinces and the Berars | 

750,000 

1,250,000 

80 

80 

150.000 

250.000 

Nizam’s Territories j 

Rajpootana, &o ) 

50 

2,000,000 

250,000 

Pimjab sends to Kurachee 

800,000 

50 

100,000 

Total country drained by Bombay 

9,000,000 

80 

1,590,000 

Madras 

1,320,000 

80 

264,000 

Mysore .. i. 

30,000 

80 

6,000 

Total Madras 

1,350,000 

•• 

270,000 

Lower Bengal .. j 

j 400,000 

50 

50,000 

N.-W. Provinces .. } 

h, 600, 000 

80 

320,000 

Oudh ) 

Punjab (see above) 


50* 

10,000 

Total Bengal .. .. 

2,080,000 


380,000 

British Burmah (Total) .. .. 

60,000 i 

50 

7,500 

Sundry Cultivation in the Interior in Native States! 

400,000 

50 

50,000 

(produce not exported) j 

Grand Total 

12.890,000 

1 

75 

2,297,500 


As will be noticed, the average production from an acre of land varies much. This variation is 
chiefly due to difference of soil. The sort most common throughout the cotton-growing tracts of 
W. India, and on which the best cotton is produced, is the “ regnr,” or “ black cotton soil,” of the 
Deccan, which stretches from the W. Coast to the centre of India, near Nagpore, where it meets the 
lighter soil which covers the sandstone formation. The “ regur ” is of a bluish-black, greenish, or 
colour. It forms into a paste with water, and gi^s a clayey odour. It absorbs moisture 
rapidly, and parts with it in dry and hot weather. Its thickness varies from 3 ft. to about 20 ft. 
It is cultivated very easily, yielding a rotation of crops, consisting of cotton and two kiiftis of com. 
It rarely requires to be left fallow, and demands but little husbandry ; for *ho last 2000 years, it 
has continued, in cultivation without manure, retaining tjie utmost fertility. "An analysis of it 
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stows: — Silica, 48 '20; alnmina, 20 '30; carbonate of lime, 16 ‘00; carbonate of magnesia, 10’ 20 ; 
oxide of iron, l-OO; water and organic matter, 4-30. The subsoils vary from rich black mould to 
hard basaltic rock. Very little natural manure is available, aud artificial fertilizers have only 
recently been introduced. A good composition is said to be formed of 10 parts soluble phosphate 
of lim e, 3 partasulphate of ammonia, 3 parts nitrate of soda, 4 parts Peruvian guano. Apart from 
the heavy cost of such a manure, there arises the serious drawback that it can only be used with a 
liberal supply of water, not to be obtained in India except by irrigation, which is quite undeveloped 
in the cotton districts. 

The several varieties of Indian, Asiatic, or Oriental cotton belong, with one exception, to 
Cr. herbaceum. This exception is the purple-blossomed tree-cotton, G. arboreum (religiosmn'), held 
sacred, and grown about the Hindu temples ; its staple is silky, and efforts have been made to 
improve it by hybridizing, and to bring it into general culture, but it remains almost unknown to 
commerce. Indian cottons, known collectively as “ Surats,” are distinguished chiefly as “ Hingung- 
hat,” “ Oomrawuttee,” “ Broach,” “ Dhollera,” and “ Dharwar.” The first, possessing the highest 
quabties, is at the head of the sorts grown in the Central Provinces and the Berars ; the staple is 
moderately long and strong, soft, white, and silky. Great efforts have been made to improve the 
Indian cottons by the introduction of exotic seed, the chief object being to increase the length of 
staple. Tlie only case in which any success has been achieved is with New Orleans cotton 
(<?. Mrsutum), in the Dharwar country, in the south of the Bombay Presidency. All experience 
elsewhere in India points to the fact that exotic cottons rapidly deteriorate, and that efforts to 
improve the best indigenous kinds are more likely to be successful. With these latter, the object 
sought is increased production rather than augmented length of staple, and it remains to be proved 
whether the additional care and expense will be warranted by the result. Meantime, the researches 
of Col. Trevor Clarke on hybridization may open up a new line for improvement. 

Every step in the culture of the plaut, and preparation of the fibre, is in India marked by 
extreme rudeness, not to say carelessness. The picking of the bolls, and separation of the fibre 
from the seed, are especially capable of much improvement, the introduction of which would 
materially raise the value of the article. . 

The Table, p. 954, compiled for the Exhibition of 1872, exhibits the proportionate quantity of 
each sort of cotton produced in the various provinces, the season of coming to market, the local 
consumption, and the ports of shipment and destination of the exports, as nearly as could be 
ascertained. 

The exports for the last five years have been as follows : — 1873-4, 4,499,698 cwt. ; 1874-5, 
5,600,086 ; 1875-6, 5,009,788 ; 1876-7, 4,557,914 ; 1877-8, 3,459,077. The shipments to the United 
Kingdom have been falling off annually since 1871-2, and England no longer remains a large 
customer for Indian cotton, much less thau half the total export now coming to us. Continental 
Europe maintains a steadily increasing demand : in 1877-8, France took about 611,000 cwt. ; Italy, 
434,000 ; Austria, 407,000 ; and Germany, 109,000 ; China also took 209,000 cwt. Eussia in the 
same year took 49,000 cwt., which was last year (1878-9) reduced to less thau 2000 cwt. In the 
matter of production, the Bombay Presidency is steadily declining, while Bengal and Madras, 
especially the former, manifest a decided increase. 

China. — The Chinese or Nankin cotton is a variety of G. herbaceum. It is cultivated chiefly on 
the level ground around Shanghai, forming the principal smnmer crop. The soil here is a strong 
rich loam, which is manured with the scrapings of the ponds and ditches — rich mud, fuU of rotten 
vegetable matters. In April-May, the seed is sown broadcast, and trodden in. Thinning and 
weeding are attended to during the summer, and the earth is loosened. The plants flower in 
August-October. When the pods begin to burst, they are gathered with great care, and taken 
home, aud spread on hurdles 4 ft. above the ground to be sun-dried. When dry, the seeds are 
extracted by the old-fashioned Indian rolls, and the fibre is bowed. This last process renders it 
particularly clean and soft. Chinese cotton is reckoned much superior to Indian, thanks to the 
greater care bestowed upon it. None is exported. 

The French Colony of Saigon, in 1879, had about 2114 acres under cotton cultivation, dis- 
tributed among the following provinces : — ^Vinblong, 1475 ; Saigon, 360 ; Bassac, 182 ; Mytho, 97 
The exports in 1879 were 11 ,569 piculs (of 144 lb.) ; the ci6p was partially destroyed by heavy rains. 
In 1878, about 34,384 piculs came to market. Egyptian seed sown in Cambodia promises well. 

Japan, Java, &e. — In Japan, an indigenous variety of G. herbaceum is largely cultivated, and 
develops different characteristics according to the locality where it is grown. It thrives in a 
much colder and moister climate than the best known varieties, but its product is inferior to 
American, Egyptian, or even South Seaacotton. The seed, having been soaked^ in water, is sown 
in early May, and the plants appear about 7-8 days later. • Fish-manure is then applied. From 
mid-June tc? mid-July, the plants are thinned out, and the larger ones are pruned. Watering is 
then most carefully s^ttended to till the pods begin to expand in early September. A light well- 
drained soil is bt^t.* About 1000 lb. untjjeaned cotton is obtained from an acre in gocd seasons. 

• • • 


* 
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Exports in Detail, nr Bales op 400 lb. 

Politi(al Divisions. 

Sort of Cotton. 

Quantity 
exported : 
^es. 

Retained for I 
Consumptlo 

Port. 

To Great 
Britain. 

To tiK Conti- 
nent 
direct. 

To 

China. 

TotaL 

Bombay Presidency and ) 
Sindh J 

Bombay Feudatories 

Central Provinces and the I 

Berars ^ 

Nizam’s Territories . . . . 

Central India 

Kajpootana, &c 

Punjab sends to Kurrachee 

Dharwar . . 1 
Compta . . . . 1 

Broach . . . . ) 

Surat . . . . 5 

Kandesh 

Sindh . . . . 
Dhollerah . . 
Hingunghat. . 
Oomrawnttee ) 
A'kote . . . . 5 

Barsee . . . . 

Bengal . . . . 

Oomrawuttee 
Bengal .. .. ) 

Sindh . . . . ) 

200,000 

150.000 

75.000 \ 

20.000 5 

375.000 
50,000 f 

225.0001 
1 125,000 1 

5,000 

Mar. 

Jan. 

Jan. 

Jan. 

Dec. 

and 

Jan. 

Jan. 

and 

Mar. 

Jan. 

360.000 

Bombay 

Karwar 

Kurrachee , . 

991,000 

25.000 

26.000 

135,000 

53,000 

1,179.000 

25.000 

26.000 
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.. .. 
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Java also produces three kinds of cotton, the principal of which is a local variety of G. herba- 
ceum, which yields the sole textile fibre employed by the natives, and is cultivated in almost 
every part of the island. It is generally planted on the declivities of the hills, after reaping the 
rice crop, and yields its cotton in less than 3 months. It is a very hardy plant, but its product is 
coarser and less in quantity than that of the Indian plant. The latter, however, is much more 
delicate. 

The Laos district in Siam produces small quantities, and the climate seems to be favourable, 
but labour is wanting. 

None of these countries afford commercial supplies. 

Australasia. — There can be no doubt of the adaptability of many portions of our Australian 
colonies to the culture of cotton. Sea-Island cotton of fine texture and quality can be grown on 
many of the elevated tablelands of Queensland ; and samples grown 200 miles from the sea are as 
good as those raised on the coast. Eemarkably fine specimens of Uplands also have been obtained 
from the coast country of Queensland, an acre yielding over 300 lb. of clean fibre. There is here 
a fine field for this important industry, yet the exports of raw cotton have fallen from 2,602,100 
lb. (valne 79,3171.) in 1871, to 221,689 lb. (value 69401.) in 1877. 

The South Sea Islands seem admirably adapted, both in soil and climate, to cotton-growing. 
Fiji cotton received three prize medals at the last Exhibition (Paris), and the crop is said to be as 
heavy as in the S. States. The exports from Tahiti in 1878 were 733,475 lb. of clean baled 
cotton, valued locally at 30,5611. Only a small proportion of this was grown at Tahiti, the 
greater part having been obtained from neighbouring independent groups of islands. 

Cultivation of the Plant . — The following remarks upon the cultivation of the cotton plant have 
reference specially to the methods practised with the short-staple or Upland variety in the S. States 
of America, and to modifications or improvements suitabl^to India. Colonial planters will easily 
deduce from them' what plan is best adapted to their particular case. The main heads of the subject 
are as follows ; — ■ » 

Soil.— Generally speaking, assuming the presence of favourable climatio, ponditions, any light 
soil, as loams find sands, is suited for cotton-growing. Stiff clays, and wet soils, qire objectionable. 
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as any liability to retain stagnant water is fatally injnrions to the plant. Very rich soil in a 
tropical region is apt to make the plants run to stalk and leaf, while the same would be advan- 
tageous in a colder situation. Free drainage, with abundant facility for irrigation where rain is 
insufScient, may be taken as primary essentials. 

Tillage. — Dijpp ploughing of the ground is absolutely necessary, to allow the tap-root of the 
plant to penetrate it to the utmost. In India, the limit to the depth of ploughing is commonly 
about 6 in., in America, 12 in., and in Guiana, 18 in. It is certain that great benefit would arise 
from stirring the soil to a depth of even 30 in., the increased penetration of the roots rendering the 
plant much more independent of drought, and other external influences. In the S. States, the 
preparation of the land commences in November, and continues until March-Aptil, when the 
sowings take place. The land having been ploughed and harrowed down, is then again ploughed, 
and thrown into ridges or beds, about 10 in. high, and 2-2J ft. broad, the tops being neatly levelled 
or smoothed by a one-horse implement, termed a “ sweep.” 

Sowing. — The sowings are made as early in the season as the frosts will allow, in order to get 
all the land planted in good time, and to have the crop in as forward a state as possible. In this, 
however, there is always more or less risk, for late spring frosts may come, and all the young plants 
may be cut off in a single night, entailing the necessity of resowing the whole of the fields. The 
best sowing season in Western India appears to be after the first heavy rains of the S.W. monsoon. 

The manner of sowing varies according to soil and locality, and according to personal ideas. 
Thus, the distance of the rows, from centre to centre, ranges from 5 to 7 ft. in America, and 
averages about 3 ft. in India ; and whilst some deposit the seed in furrows opened by a light plough, 
others carefully dibble in the seed at exact distances apart. This latter method is considered much 
superior. The beds having been formed, a gang of men (each taking a row) proceed rapidly along 
them, striking their dibbles into the centre of each, at exact distances of 12-24 in. apart. A 
second gang (generally women) deposit 4-6 seeds in each hole or indentation made by the dibbles, 
and a third gang (generally young boys and girls) follow with light hoes, and cover the seed with 
soil, thus completing the operation. 

The seeds should be soaked in a mixture of cow-dung and water, or in a dilute solution of salt- 
petre, and then be sun-dried for about an hour, before sowing. Upland seeds are not only furred 
by the cotton lint still remaining on them, but they stick so together, that their delivery by 
drilling-machine is uncertain and unsatisfactory. 

Weeding and Thinning. — ^The seed being sown, the greatest possible care is taken to prevent 
the growth of weeds, for these may seriously injure, perhaps entirely destroy, the crop. The 
weeding gangs, with light sharp hoes, also from time to time cut out the weakly plants, until at 
length only two, and these the strongest, are left in each hole. Supplying, or resowing the holes 
that have failed to produce plants, likewise occupies attention ; and the soil washed down from the 
ridges should occasionally be drawn up round the plants, as before. It is always the object of the 
planter to do as much work as possible by horses, mrdes, ploughs, sweeps, &c., and as little as he 
can by hand-labour ; but the weeding of the very young and tender plants is too delicate an opera- 
tion to be performed with any safety or nicety altogether by ploughs or sweeps ; although some 
never use a hoe in the cotton-fields. 

Topping. — ^When the plants exhibit an inclination to produce wood and leaves, at the expense of 
flowers and seeds, their tops should be nipped off when the podding commences. 

Picking. — The whole cultivation of the cotton-plant, up to the period of its first “ picking,” is 
termed “ making the crop.” If the season has been forward and favourable, the picking may begin 
(in America) in August ; but if backward, the first general picking may be delayed until Sep- 
tember ; in uncommon cases, in some districts it may begin as early as July. Whenever it does 
commence, the chief dread of the American planter is an early frost ; for until a killing frost does 
occur, the plants continue to produce and ripen their bolls. Each picker takes a bag (tied round 
the breast or waist) and a good-sized cotton sheet ; the former he fills with the cotton he picks, 
which he then lays out on the latter to dry, whilst he is refilling his bag, and so on until the sheet 
will hold no more, when it is carried to the weighing-house. 

A good careful hand will pick in a fair field 200 lb. of seed cotton in a day ; to accomplish a 
greater quantity, the cotton must be unusually thick on the bushes. On most plantations, the 
average does not exceed 100 lb. a hand. 

Successive pickings, each being less in quantity, at length so exhaust the cotton on the bushes, 
that there is no longer any left to pay for further picking ; the cattle are then turned in, and 
speedily destroy the bushes, and the land is left in this condition until required again. 

Produce. — In the valley of the Mississippi, the common average yield per acre of ginned cotton 
is one bale of 400 lb., whereas in S. Carolina, Georgia, &c., 200 lb. is considered an excellent return, 
much of the 4and not giving 100 lb. an acre. There is, however, abnndauce of rich land in all 
these states, which wij!»yield 400 lb. an acre ; but being low lying, the cotton is liable to mildew, 
to be injured by and to be killed by,early frosts ; hence such lands are preferredrfbr com and 
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rice. Some Upland cotton-plants, under favourable circumstances, are wonderfully proUflo, pro- 
ducing 300-400 bolls a tree, weighing lb. of seed cotton, equal to about IJ lb. of ginned cotton. 
Indeed, the produce per acre may be much increased by a good selection of seed, and by a careful 
attention to the due preparation and manuring of the land. 

The average yield from native cultivation in India is about 50-60 lb. of ginned cotton to the 
acre ; yet the result of careful scientific experiment has been an average of 267 lb. an acre. 

To pick cotton properly is a very nice and delicate business, inasmuch as it is essential to with- 
draw every particle of cotton from the boll at one pull, without getting any leaf, scraps of leaves, 
or other foreign matter clinging to it. By dexterous management, so as to grasp lightly with the 
fingers the five sections comprising the boll, and withdraw all at once the cotton in it, the rapidity 
of the picking is ensured ; whereas, by making two, three, or four efforts, but a small quantity 
would be gathered in the day’s work. By obtaining it free from fragments of leaves, and of the 
boll itself, the cotton is clean, and consequently entails little or no trouble in getting rid of extra- 
neous matters prior to being ginned. 

A comparatively dry season, with only a few showers now and then, is most favourable for 
cotton-picking. The wetness of the bushes, from the nightly dews, causes much sickness among 
the workpeople ; and the cotton picked in a damp state deteriorates greatly in value. 

Long-Staple or Sea-Island. — The preparation of the land, and the throwing up of the beds for 
the plants, very much depend upon the situation of the fields and the nature of the soil. The land 
may lie low, and be very mnch impregnated with salt, from the influx of high tides, or it may be 
swampy from fresh water ; again, it may be very light and sandy, or it may be stiff clay, or a nice 
warm loam, lying high and dry, above the influence both of tides and freshets. According as 
these conditions vary, so, to a certain extent, does the practice of the planter. In low-lying lands, 
very light drainage alone is practicable, hence a clay soil is liable to be cold and trying to the 
plants, keeping them sickly in appearance and backward in growth. In such cases, it is usual to 
ridge very high, to plant thinly, and to give the warmest manures available. The spaces between 
the ridges act as drains to carry off the superfluous water. These ridges are mostly thrown up in 
the first place by means of ploughs, and are finished off by the hoe ; and throughout the whole 
culture there is a great deal more hand-labour than on Upland plantations, and infinitely more 
care is bestowed. On higher and drier lands, such heavy ridging is not required, although the 
system is, to a certain extent, universal on all Sea-Island plantations. 

In all operations, horse or mule labour is availed of, as far as possible ; but the nature of this 
cultivation necessitates a constant recurrence to manual labour. The produce is so mnch more 
valuable than Upland cotton, that the Sea-Island planter can afford more time, and more expensive 
labour. 

Great numbers of these island plantations have large stores of vegetable manure, brought by 
intersecting rivers, creeks, &c., besides the quantities of rich saline mud, intermingled with small 
shells, which they likewise furnish. It is not uncommon to see large tracts of land, which, but a 
year or two previously, were quite covered by salt water, and which still retain so much saline 
matter as to be apparent to the eye, covered with the most luxuriant growth of bearing cotton. 

There is no difficulty in sowing this description of cotton-seed by means of a drilling-machine, 
for the seeds are perfectly smooth, and consequently easy of delivery. The sowings being effected, 
the after-operations of weeding, moulding, and banking, or ridging, are performed. About July or 
August, the picking commences, and continues generally until November, unless severe frosts occur 
earlier. If rapidity and care are required in picking the short-staple variety, extreme care and 
attention are demanded in gathering in the delicate and valuable “ Sea-Island.” Sapidity of work 
is by no means so essential as great cleanness, for the aim is to preserve the quality. 

When it has been picked, the first object is to get rid of any superfluous moisture it may contain, 
without drying it too much. It is then picked over, to get rid of all motes, and discoloured par- 
ticles of cotton, which sometimes, from insects boring into the bolls, and from other causes, get 
mixed up with the mass. This being performed, it is kept in heaps, sometimes 5 ft. high, 4-5 ft. 
broad, and 20 ft. long, and covered over with cloths. The object of this is to preserve the oiliness, 
strengtl), and gloss of the fibre (which a lengthened exposure to the air would destroy) until it is 
sent to market. But the liability to heat must be attentively watched and guarded against, and 
whenever it gets too warm, the heaps must be immediately opened out, and the cotton be carefully 
spread on the clean-swept floor of the cotton-house, to be again replaced in heaps as soon as it 
has become perfectly cook If the heaps become hot, in a very short time the oil contained in the 
seeds oozes out on the fibre, and imparts to it a dirty-yellow colour, which rapidly changes to a 
brown, and destroys its commercial value ; but many planters do not object to its Incoming very 
slightly heated, esteeming it an advantage rather than otherwise, inasmuch as they consider that 
the fibre gradually extracts some of the oil from the seeds, and thereby becomes stronger, softer, and 
more silky, whilst at the same time it acquires a very delicate shade of yellow, such as experienced 
buyers admire. ' ’ , 
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Mantoes. — The object of cotton-oultnre is to develop the quantity and quality of the down which 
envelops the seeds of the plants, hence manuring must be conducted with lie aim primarily of 
supplying such constituents as are extracted from the soil by the fructiflcatory parts of the plant. 
An analysis of the ash obtained from the incineration of cotton fibre shows that the principal 
mineral ingredi^ts are potash (31-05 per cent.), lime (17 • 09), and phosphoric acid (12-32); in 
other words, 10,000 lb. of cotton fibre abstract from the soU, 31 lb. of potash, 17 lb. of lime, and 121b. 
of phosphoric acid. Examinations of different samples of cotton fibre have shown that while New 
Orleans cotton contains 0-079 per cent, of phosphoric acid, Surat contains only 0-027 per cent.; 
this fact has suggested the important question, whether the inferiority of Indian cotton is not due 
to deficiency of phosphoric acid in the soil. 

Analysis of the ash of cotton-seed revetds the presence of 45-35 per cent, of phosphoric acid, 
29-79 per cent, of lime, and 19-40 per cent, of potash. The seed is thus much more exhaustive 
than the fibre, and when its much greater proportion is taken into account, it is probably not an 
exaggeration to say that while the cotton fibre (or “ lint,” as it is called) alone takes no more than 
4 lb. of soil ingredients for every bale of cotton, the seed accompanying it takes about 38 lb. If the 
seed, therefore, after expression of the oil (see Oils), be made into cattle-food, and be returned in 
the form of cattle-dung to the ground, the crop will be orxe of the least exhaustive known ; but if the 
seed be permanently removed from the land, heavy manuring will be necessary to maintain fertility. 

The analyses indicate that the manures best adapted to the end in view are superphosphate of 
lime (supplying both phosphoric acid and lime), and potash (either wood-ashes, or natural potash 
salts) ,- and that nitrogenous manures — guano, nitrate of soda, sewage, &c. — should be avoided, as 
forcing the plant to produce wood and leaf, rather than flower and fruit. Salt appears to be pecu- 
liarly beneficial 

All refuse from the plant shorfld be returned to the soil, either by being burnt, and the ashes 
ploughed in, or by allowing cattle to feed upon it on the ground. The stems contain a fibre, about 
which extravagant ideas have been current. It is probable that any attempt to improve this fibre 
would be at the expense of the seed-down, or it would entail so much extra manuring that the end 
would not warrant the means. 

Diseases and Enemies.— The cotton plantations of America have long been infested by two most 
destructive insects — the cotton-worm (Afeiia argitlacea) and the boll- worm {Hetiothis armigera). The 
former has been credited with the ruin of 38-98 per cent, of the whole crop on some estates. 
The highest average of loss is in the southern portion of the cotton-belt, as in Florida and 
S. Texas ; it increases also in a westerly direction, commencing with Georgia at 16 per cent., and 
ending with Texas at 28 per cent. ; in the northern portion of the belt, the averages are low, 
ranging from 5 to 8 per cent., while in many parts, notably N. Carolina, the caterpillar appears so 
late as to generally do more good than harm, by destroying the top foliage, and admitting 
the sun. 

The moth from which this caterpillar originates appears either to hibernate in the cotton- 
districts in the moth state, or to emigrate annually from warmer regions, as the Bahamas. Its 
predilection for sweets affords the most likely means of arresting its ravages. Arseniate of copper, 
mixed with honey, and applied to tree-stems, &c., about the estate, may kill the first moths, and 
check the pest at once. When the worms are hatched, they feed on the under side of the leaves, 
and can then only be reached by an upward sprinkliug of a poisonous solution, generally arsenical. 

Separation of the Fibre. — Cotton-ginning, or the separation of the fibre from the seed, is always 
performed in the vicinity of its growth. Seed cotton only yields 15-30 per cent, of fibre, but the 
separated seed possesses valuable qualities, and is carefully preserved. 

Ginning is the first process to which the fibre is subjected ; without the gin, or its equivalent, 
the cultivation and manufacture of cotton on its present extended scale would have been an 
impossibility. The important inventions that took place in Lancashire during the 18th century 
led to the introduction and extended cultivation of cotton in the S. States of America, and, 
towards the close of the century, the want of a ready and facile instrument for separating the 
lint from the seed was becoming severely felt. Picking by hand, which was the method in vogue, 
was a slow and costly process, a good worker not being able to clean more than 4 lb. of seed cotton, 
yielding about 1 lb. of fibre, per diem. The want being general, the attention of several indivi- 
duals was directed to, and their efforts were engaged upon, the invention of some suitable 
mechanical appliance. As might be expected, several inventions were brought forward so nearly 
simultaneously that it is now difficult to award priority to the deserving one. Eve, Bull, and 
Whitney are competitors for the honour, and it is not easy to say which was first, or which 
invention was the moat practically successful. Public opinion, however, seems to have decided 
that it is to Whitney that the world is indebted for the saw-gin. • 

In Eastern countries, where cotton has been cultivated and manufactured for ages, the methods 
in use in remote distiicts, particularly in India, are still of the most primitive character. Pre- 
viously to the occuitence of the American Civil War, which caused a great amount o^ attention to 
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be directed to that country as a sonrce of cotton supply, these methods were almost general. The 
first was simply hand-picking, the second was by the foot-roller, and the third by the churht. 

The foot-roller may be termed the first mechanical appliance for cleansing cotton. The operator 
procures a flat smooth stone, 1-2 ft. square, which is covered with a layer of seed cotton. An iron 
roller is next placed upon it, and worked backward and forward by the feet of t^ operator, who 
sits upon a stool while at work. As the Indian cottons are mostly of the smooth-seeded varieties, 
the lateral pressure exerted pushes the seed over the edge of the stone, leaving the clean cotton , 
upon its surface. The product of a day’s work by this method is 4-6 lb. It is altogether inefifective 
when applied to the green-seeded American varieties, the fibres adhering very tenaciously. 

Previous to the introduction of European gins into India, the churka was the instrument most 
generally in use. It is a rude roller-gin, containing two rollers, fixed in upright posts home in a 
rail at their base, and rendered firm by a cross-piece. Sometimes both rollers are of wood, some- 
times the upper one is of iron. The Guzerat churka may be taken as the representative of this 
class of machines; the upper roller is of iron, J in. in diameter, the lower, of wood, 2 in. in 
diameter. The rollers are not geared together, and there is a slight space left between them. 
When working, their surface velocities are not alike, the iron one revolving most quickly. The 
cotton is presented to the rollers, and the fibre is dragged from the seed, and carried to the other 
side, the seed being kept back until cleared, when it falls in front of the rollers. It is sometimes 
worked by one person, sometimes by two. The yield is 6-8 lb. of clean cotton a day for each 
person engaged. When the churka is in good repair, the quality of the work is very good, no 
violence being done to the fibre. But the machine is liable to frequent derangement, and consider- 
able wear and tear, owing to the rudeness of its construction. 

Eli Whitney’s saw-gin consists of a drum carrying a number of circular plates, the periphery of 
which is cut so as to form teeth, or rather hooks. The plates are 9-12 in. in diameter; above the 
cylinder is placed an inclined grid, which forms the bottom of a box or hopper, into which the 
seed cotton is placed. The bars of this grid are set sufficiently close to prevent the passage of the 
seed. When working, the plates upon the cylinder pass between the bars of the grid, to the depth 
of about one-third of their diameter, and the teeth, laying hold of the fibre, drag it through the 
bats, leaving the seed behind. The latter is subjected to this action as long as any fibre remains 
upon it ; when thoroughly stripped, it falls through a narrow slit in the bottom of the box, into a 
receptacle provided for it. The cotton, as it is drawn through the grid by the saws, is stripped 
from them by means of a swiftly revolving brush, which throws it through an aperture into 
another apartment, called the “ lint-room.” 

It will be obvious from this description, that the filaments of cotton, being thus tom from the 
seed, are liable to serious damage from this action. A great amount of skill has, therefore, been 
spent in the endeavour to make the saws as harmless as possible in their action, and to diminish 
the acuteness of the stroke, by which the fibre might be broken. The striking edges are therefore 
rounded, made perfectly smooth, and curved in such a form as to avoid any sudden jerk or •pull 
after the teeth have laid hold of the fibre ; whilst the increasing drag is such as to strip the lint 
from the seed, as speedily as possible, with a minimum of violence. There are numerous varieties 
of the saw-gin, but the differences between them are only in points of detail. 

The Macarthy gin, so named from the inventor, is constructed on a different principle, and is 
admirably suited for long-stapled cottons. It is also capable of doing good work with the short- 
stapled varieties. The production from it is not equal in amount to that from the saw-gin, but the 
quality is far better. 

This gin, in its original and simplest form, consists of a leather roller and two steel blades. One 
of the latter is pressed tightly against the revolving leather roller. The fibre is drawn in by the 
rough surface of the roller, and, as the latter revolves, the lint is stripped from the seed, which 
falls into a receptacle beneath. To assist in the detachment of the seed from the fibre, the second 
blade is adjusted a little in front of the fixed one, and has imparted to it a rapid vibratory motion, 
by means of which the seed is struck from the fibre. From this action the vibrating blade has been 
termed the “ beater,” the fixed one being called the “ doctor.” The machine is provided with a 
grid, upon which the seed cotton is placed, the bars being so arranged that the seed cannot pass 
through them, until it has been stripped of all fibre. There are many varieties of the Macarthy 
gin, all constructed upon this principle, but differing in detail. 

In construction, the double-action knife-roller gin, made by Dobson and Barlow, differs more 
vridely from the original Macarthy than most others made on that principle. It has been subjected 
to severe test trials with other gins, at the competitions instituted by the Government of India at 
Manchester and Broach. The results of these trials have ^recently been issued, and an examination 
of them will sho's^ that this gin emerged from the testa with great credit to its makers. 

Figs. 657, 658, 659 show it in front and end elevations, and in section. The roller a is solid, 
and composed of discs of walrus leather, compactly pressed together upon a square shaft. The knife- 
roUer 6 u mpde up of a number of discs, fitted obliquely upon a wrought-ir&n ^ft, as seen in 
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Fig. 657. Objection has been taken to tbiafonnof the disc that it was liable to work all the cotton 
to one side of the gin. In order to provide against this, an alternative form of the knife-roller has 
been constructed, which is shown in Fig. 661. The box or hopper c is for the reception of the seed 
cotton ; the knife d extends across the frame, and its functions are those of a “ doctor ” ; two set- 
screws c, one at^each end of the rollers, are for the purpose of adjusting the distances between them. 

66T. 653. 



The knife d is carried by the springs /, capable of adjustment by thumb-screws attached. The gin 
has a fast and loose driving-pulley for each roller, shown at g and m ; these being of different 
diameters, indicate different speeds of their respective rollers. A semicircular grid half encloses the 
knife-roller b, as can be seen in the section. This grid, according to choice, may be perforated with 
holes as at A, or have transverse or longitudinal bars as in B C (Fig. 660). 

The process is as follows ; — The seed cotton, being placed in the hopper c, descends upon the 
knife, and flUs in the interstices k between the blades. By the revolution of the rollers it is brought 
into contact with the surface of a, 
which lays hold of the fibre, drawing it 
down. The doctor-knife d prevents 
the seed being drawn along with the 
fibre, and the revolution of the roller 
b, carrying oblique blades, causes the 
latter to disengage the seed from the 
fibre, which then drops through the 
grid into a receptacle beneath. The 
bars of the grid are so arranged that 
no seed to which fibre adheres can 
pass through, but is carried round by 
the roller, and again subjected to the 
action of the stripping-roller, until 
quite cleared. The cleaned cotton is 
discharged upon the fioor, or it may be 
formed into a rough sort of “ lap.” The 
disc-roller revolves at the rate of about 
350 rev. a minute. A 40'' gin on this principle is capable of cleaning 300-800 lb. of seed cotton 
in an hour, according to the description. The yield of clean cotton is 75-150 lb. At higher 
speeds this is increased proportionately. 

The “ lint ” or “ wool, ’ when thoroughly cleansed, is packed in bales by hydraulic pressure, for 
export. The bales are covered with coarse jute or cotton canvas, bound with ropes or iron bands. 
The seed yields a valuable oil (see Oils — Cotton-seed), and is made into cakes for feeding cattle. 

Characters and Uses of the Fibre. — Seen longitudinally, the fibres of cotton appear quite inde- 
pendent of each other ; they are flat, and always more or less twisted, like a cork-screw, as shown 
in Fig. 662. This last feature is quite characteristic. The length of the fibres varies from 1 to 
l.i in. for long-stapled, and from f to f in. for short-stapled. The parts indicated in Fig. 662, are 
— a, sections ; 5, longitudinal views ; c, ends ; mag. 300. The manufacturing capacity of the fibre 
is discussed at length in the article on gotton Manufactures (pp. 730-733). Its uses are further 
described under Hosiery, Lace, and Small Wares. * 

Imports cmd Values. — ^From the 14th to the 16th centuries, the cottons of Oaadia, Lemnos, 
Cyprus, Malta, Sicilv^S. Italy, and the district between Jerusalem and Damascus, were those 
chiefly imported mte^Hurope by the Gen^e and Venetian merchants. Our imports qf raw cotton 
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in 1870 were contributed (in cwts.), aa foUowa United States, 6,495,045 ; British India 3 040 550 • 
Egypti 1,283,037; Brazil, 573,331; France, 330,653; Anatolia (Asia Minor), 51,581; Chili 
36,119; sundry European countries, 35,271; New Granada, 34,295; European Turkey, *33 278 ’; 
Peru, 21,216; British W. Indies, 18,851; Foreign W. Indies, 14,660; W. Coast Africa^ 12’503;’ 






Ceylon, 8269 ; Venezuela, 8268 ; Queensland, 8201 ; New South Wales. 7928 ; Syria and Palestine 
7326; Natal, 4368; Nora Scotia, 4317; New Zealand, 3348; Gold Coast, 2721; French India! 
2348; Illyria and Dalmatia, 2114; British Gniana, 1812; Argentine Confederation, 1478 - 
Euphrates and Persian Gulf, ’ 

1060; Malta, 832; Italy, 662 . 

611 ; Greece, 571 ; Cape of ^ \ 

Good Hope, 561; Persia, \ lUUdfli iWt 

527 ; Sierra Leone, 493 ; ^ ) iWwKI/J IwM 

Siam, 135; Gambia, 120; f% VSaii Iws 

China, 94; Ecuador, 28; f a Iml 

Algeria, 20; Mexico, 18; ^ ^ 11 § Mi 

Mauritius, 6. [CSi^jy)) ft'ie /If,. Ml. 

The quantities (in cwts.) m'M j® \ * jfS * 

and values of imports of our S|j jj im 

raw cotton, in 1879, were: — ^ nS fcf m®! 11 S 

Atlantic Ports of U.S.A., Cvs, I t /n® jifl 

9,664,167 : 25,945,1741.; [Cs ^ |1 f, | l.m 

Egyptian ports, 1,412,786: vjl 

6,088,1091.; Bombay and ^ JmS 

Scinde, 896,691: 2,210,8831.; ff\ /T? 

Bengal and Brit. Burmah, ii W I MW 

427,230: 993,7041.; Madras, ^ 

292.712: 709,7141.; Brazil, ^\l 

152,185 : 427,9641. ; New ’ 

Granada, 84,622 : 255,1661. ; Peru, 70,473 : 222,4661. ; France, 52,823: 140,5211. • Denmart 12 363 • 
24,5901.; Belgium, 11,623 : 30,5471.; Chili, 3924: 11,5711.; Germany, 3834; 13 0241- Australia. 
3626: 20,4031.: Turkey and Cyprus, 3316 : 96821.; British N. America, 3314 - 9137/ Oevlom 

2542 : 63321.; Pacific Ports of United States, 673 : 47931.; other countries. 20,368 • 56 40^ tot^ 
13,119,272 : 36,180,5481. co.-tuof. , total. 

The quantities and values for the four preceding years were as follows : — 1875 13 324 564 

Grewia oppositifoHa. -Exogen. Native of India, chiefly in the Himalayas. The inner 
bark is em^oyed by the natives for making ropes and coarse cloth. A fairly good naner has also 

'L f • ™ affo'fds a so-called “ Kaffir hemp,” a^Mte fibre of 

great strength extracted by rettmg, and much used by the Kaffirs. 

Guaznma tomentosa— Bastard Cedar.— Exouen • tree 4 n_ 6 ft » r .i j 

!uWt/d't^“’ cultivated in India. A fibre pre^red from the young shwts wm 

100 lb. dry a^dH^OirweC ' to be of considerable strength, breaking at 
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Hardwickia binata. — Exogen ; tree, 100 ft. Pound in India, on the banks of the Cauvery, 
in Salem and Coimbatore, on the western slopes of the Neilgherries, in Mysore, in the Godavery 
forests, and in Bombay. It is recommended for culture in Victoria. It is easily raised from seed, 
readily pollarded, and flourishes up to an elevation of 3500 ft. in India. The bark yields without 
difficulty a valuable fibre for cordage purposes. 

Heliantbus annuus — Sunflower — Exogen. Native of Peru, and selected for culture in 
Victoria. In these climates, the plant would repay culture for the fibre yielded by its stems. 
About 6 lb. of seed are required for an acre ; the plant likes calcareous soil ; and a return is obtained 
in a few months. 

H. tuberosus — Artichoke. — Attains to perfection in Brazil. The stem is rich in textile 
fibre. The plant can only be fully developed in a soil rich in potash. 

Helicteres Isora. — Exogen ; shrub, 12 ft. Native of India, growing at the foot of the Hima- 
layas, and at the base of the hills in Truvancore. It is a common plant. Its bark yields a fibre well 
adapted to cordage purposes, and extracted by retting the stems in water, and then beating them. 
It is strong and white, and is used locally for making gunny bags, and for the cm-tain blinds of 
verandahs of native houses. . 

Hemp. — See Cannabis sativa. 

Hibiscus cannabinus — Ambaree, Deckanee Hemp. — Exogen ; 5-12 ft. This plant 
is common in almost every part of India. It is usually cultivated in the cold season, but, with 
sufficient moisture, it will thrive throughout the year. It prefers a rich loose soil. The seed 
is sown about as thick as hemp, but generally mixed with that of a grain crop ; the sowing must be 
thin, to prevent shading the latter too much. It occupies the ground for about three months, from 
the sowing to the harvesting. In some districts, it is sown alone. In the districts of Purreedporo 
and Backergunge, it thrives well in marshes, and even in waist-deep water, and contributes largely 
towards the deord jute of those localities. Rich soil has yielded over 3000 lb. clean fibre per acre. 
It is readily cultivated, and, with more attention, might compete with jute. The bark of the stem 
is full of strong fibre, which is extracted and prepared like the fibre of the jute plant {Corchorus), 
or that of the sunn (Crotalaria). A section of the stem is seen in Fig. 663 : a, bark ; b, lignose ; 
e, epidermis ; /, bast fibres, coloured distinctly yellow by test H ; mag. 100. The dimensions of the 
filaments are: — length: max., O' 236 
in. ; min., O' 078 in. ; mean. O' 196 in. ; 
diameter: max.. O' 00132 in.; min., 

0'00056 in.; mean, 0'00084 in. The 
length of the extracted fibre varies 
between 5 ft. and 10 ft. Tlie fibre is 
somewhat stiff and brittle, and though 
used as a substitute for hemp and jute, 
it is inferior to both. The breaking 
strain has been variously stated at 
115-190 lb. It is bright and glossy, 
but coarse and harsh. It is sold with 
and as jute, and is employed in Bengal 
for the purposes of jute, including fish- 
ing-nets and paper. Samples of the 
fibre exposed for 2 hours to steam at 

2 atmos., followed by boiling in water for 3 hours, and again steamed for 4 hours, lost only 3 '63 
per cent, by weight, as against flax, 3 ' 50 ; Manilla hemp, 6 '07; hemp,6'18-8'44; jute, 21'39. The 
averao’e weight sustained by slips of sized paper weighing 39 gr., made from this fibre, was 71 lb., 
as compared with Bank of England note pulp, 47 lb. It worked satisfactorily, and took ink well. 

H. [Abelmosclius] esculentus — Okro (Fb. Gombo). — Exogen ; herbaceous annual ; 
2-10 ft A native of the W. Indies, notably Cuba, where it grows freely in almost all soils ; 
indigenous also to Africa, wild and abundant on the White NUe, and near the Victoria Nyanza; 
long naturalized in India, and commonly cultivated in gardens. The plant is grown in India, 
for its edible pods, chiefly in Jessore, Rungpore, Bogra, Hooghly, the 24-Pergunnahs, Nuddea, 
Moorshedabad, and Cuttack; the culture might be much extended in Bancoorah, Beerbhoom, and 
Nowgoni^ It is very common in Burmah ; and is being introduced into Algeria. 

The fibre is long and silky, and generally strong and pliant ; its breaking strain, according 
to Roxburgh, is 79 lb. dry, and 95 lb. wet. When well prepared, as in the Southern Presidency, it 
is adapted for the manufacture of rope, twine, sacking, and paper. In Bengal, its .fibre is reputed 
harsh and brittle, owing doubtless to improper treatment, and it is but little manufactured there. 
In Dacca andUlymensing, it is used to adulterate jute. It resembles hemp, and, under this name, 
is exported, to the ai^unt of a few thousand cwt. yearly. In France, the manufacture of paper 
from this fibre is the subject of a patent ; the fibre receives only mechanical treatment^nd affords 
a paper, called btxttde, equal to that from pure rags, 
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B. abelmoschus [^. mQschatus\, grows in Bengal, Travancore, Coromandel, and Bnnnah. 
Produces a strong fibre. Plants, cut in flower and immediately steeped, broke at 107 lb. wet and 
dry. H. furcatus is found in the S. Provinces of India, and in the interior of Bengal. The bark 
yields an abundance of strong white fibres ; a line broke at 89 lb. dry, and 92 lb. wet. The stems 
are cut .when the plant is flowering, and steeped at once. B. Lndmgii, native of S. ^frica, is a tail 
and shrubby species, yielding fibre of great strength and toughness. B. ficulneus, native of Bengal, 
with a straight stem 6-14 ft. high, and very smooth bark, thrives luxuriantly witli little or no 
care, yet is very little cultivated for its fibre. The seed is sown in beds in May, and when the 
plants are 6 in. high, they are set out in rows, 9 in. apart each way. The luxuriant growth and 
habits of the plant commend it to serious attention. The bark abounds in flaxen fibres, long, 
glossy, white, fine, and strong, and easy of extraction. B. Sahdariffa is a native of Tropical Asia and 
Africa, common in Indian gardens, abundant in the W. Indies, and selected for culture in the 
warmest parts of Victoria. The plant is cut while in flower, and a fine, silky fibre is extracted from 
the stem, by retting in fresh water. The staple is long and uniform, and said to be adapted to 
cordage. The tow yielded by it is valuable for paper-making. B. tUiaceus, native of India, 
Tropical Australia, and the Pacific groups, is extensively used by the natives for making fishing- 
nets, cordage, &o. H. vitifolius, common all over India, is a wild plant yielding a very white, fine 
and strong fibre, extracted by retting. B. elatus, the “ Cuba bast ” of the W. Indies, is employed in 
making cigarette wrappers. There are probably several other fibre-yielding species of BiWscus 
awaiting research and utilization. 

Holoptelea integrifolia — Wawla bast. — Exogen. Native of the W. Indies. The fibre 
is not strong. 

Holostemma Hbeedianum. — Exogen. Native of India, from the southernmost province to 
the base of the Himalayas. It yields a fair fibre, said to be in best condition after the rains. 

Hutnulus Lupulus — Hop (Pr., Bouhlon ; Ger., Bopfen ). — Exogen. Native of the temperate 
zone of Europe, Asia, and N. America. The bine of this well-known plant contains a quantity of 
useful fibre — 70-75 per cent, of the dry weight — which is generally thrown away. A section ofihe 
bine is shown in Fig. 664 : 5, 

lignose ; c, cambium ; e, epidermis ; ^ ***• f ^ 

/, bast fibres, coloured blue by 
test H ; mag., 100. The fibres are 
very supple. Their dimensions 
are:— length: max., 0-748 in.; 
min., 0-157 in. ; mean, 0-393 in.; 
diameter: max., 0-00072 in. ; min., 

0-00048 in.; mean, 0-00064 in. 

The fibre is well suited for paper- 
making, especially unbleached 
paper and cardboard. In Sweden, 
it has long been applied to textile 
manufactures. It is extracted 
from the plant by steeping for 
24 hours in cold water containing 
5 per cent, of sulphuric acid, or for 
20 minutes in boiling water with 
3 per cent, of the acid. Another 
plan is to boil for f hour in water 
containing soap or soda, then to 
wash, and boil in very dilute acetic acid. The fibre is finally washed, dried, and combed, and then 
resembles flax. 

Iris pseudacorus Yellow water-iris. — Endogen. A common weed in England and 
Ireland. The leaves yield when dry about 60 per cent, of available fibre for “ half-stuff,” which 
makes a fairly good paper. 

Jubeea spectabHis— Coquita.— Endogen ; palm. Plentiful in Colombia, Chili, and other 
parts of S. America. The bark of the tree yields a fibre of great strength, which is commonly used 
locally for the manufacture of ropes, which are very durable, and sold at a trifling rate. Cables 
made of it are found to last longer than hempen ones. 

Jute. — See Corchorus. 



Kittool. — S^e Caryota urens. r 

Kydia calycina.— Warang bast.— Exogen. Native of the Tropical Himalayas, W. Ghats, 
and Burmah. The fibre resembles lime-tree bast ( Kfia europmd). * 

in : tree, 25-30 ft. mtjve of Jamaica, grow- 

ng m rocky places. The inner bark of the tree consists (#f numerous layers M fibre, interlaced in 
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every direction, and forming fine meshes. On soaking it in water, it is easily separated. A section 
across the internal bark is shown in Fig. 665 : p, parenchyma ; /, bast fibres, coloured distinctly 
yellow by test H; mag., 300. The fibres are very fine, full, smooth, and stiff. Their dimensions 
are:— length: max., 0-236 in.; min., 0-118 in.; mean, 0-196 in,; diameter; mean, 0-0004 in. 
They are muc]| used locally for making lace aiticles, and other delicate textile fabrics. It is 
suggested that the bark might be 
used for paper-making, if suffi- 
ciently plentiful. 

Laportea pustulata. — The 
only foreign nettle which will with- 
stand the cold of the European 
winter. {See Urtica sp. die.) 

Iiardizabala biteruata. — 

Native of Chili, and selected for 
culture in Victoria. A climber, 
with stems of enormous length, 
which, in Chili, are dried, and used 
as ropes. It would probably yield 
good tough cordage fibre. 

liasiosipbon speciosus— 

Rameta bast. — Exogen. Found 
in the Deccan. The fibres are 
very strong, and almost colourless. 

Lavatera arborea — Tree-mallo-w. — Exogen. Native of Middle Europe and the countries 
of the Mediterranean ; recommended for culture in Victoria. Has long been an inhabitant of some 
of the sea-cliffs and coasts of the United Kingdom ; also grows in Madeira. It requires no care for 
cultivation, and is of quick growth ; it probably would not withstand the cold of high inland districts. 
The inner bark yields a strong fibre, which is somewhat coarse, but is capable of manufacture into 
cords, ropes, and mats, and may probably be used for paper-making. 

L. plebeja — Australian Mallow.— Grows luxuriantly in the barren country beyond the 
Darling Eiver, and extends from S. Australia, through Victoria, into New South Wales. It may be 
obtained in considerable quantity along the Murray Eiver and many of its tributaries. It is a 
perennial, and w ill probably admit of an annual crop being removed. It has been successfully tried 
for rope and paper-making. In the latter case, it is pulled up by the roots and hung up to dry ; 
when dry, it is chopped up small, treated with alkali, to remove the gummy matter, and, after 
ordinary bleaching, may be used like rags. It is employed by the natives for baskets and fishing-lines. 

lieopoldinia Piassaha — Para Piassava. — Endogen; palm, 20-30 ft. This tree grows 
abundantly near the White Eiver, that flows into the Barra de Eio Negro, as well as on some of the 
tributaries of the Orinoco ; it is also found in the Amazon basin ; but the bulk of its fibre comes 
from the Barra de Eio Negro. Its habitat is low sandy flats, where water may stand a little in rainy 
weather ; but it avoids swamps. The dilated base of the petioles separates into a long coarse fringe, 
which is collected by the natives, and tied in bundles several feet long, weighing about 1 arroba 
(32 lb.). The fibre is not interlaced with the bark of the leaf. Hitherto the fibre was despatched 
in boats by the natives on the White Eiver, to Para, whence the fibre takes its name. The irregular 
arrival of these vessels caused great fluctuations of price at the port. Latterly steamers ascend as 
far as Manaos, at the junction of the Amazon and Baiva de Eio Negro, and bring the fibre direct to 
England. It absorbs much more water than the Bahia kinds, and each tree yields a larger quantity. 
This description, however, only forma about 4-5 per cent, of the totid production of Piassava fibre. 
Locally it is much used for making rough but durable ropes, which resist the destructive effects of 
alternate wetting and sun-drying better than any other native fibre. Its consumption in this 
country is chiefly for brush-making. The prices in the London market fluctuate exceedingly — from 
251. to 45/. a ton. (See Attalea funifera.') 

Arthur Eobottom, of Mincing Lane, who is well known in connection with this fibre, states that 
parcels of a so-called “ piassaba ” have recently been collected in Peru, and shipped, via Manaos 
and Para, to this market. He describes it as tender, dark-coloured, and very fine, being quite 
different from either the Para or the Bahia kind. The first arrival brought 6-7/. a ton (not enough 
to pay fteight and charges), while later ones have found no bidder at even 5/. a ton. Its market 
value is spoiled solely by carelessness in collecting it. 

liepidosperma gladiata—S-wor6-sedge.— Endogen. Native of Australia and Tasmania, 
found in great abundance on the- coast lands. May be cut annually from the bottom of the stem, 
and the roots*will throw up fresh shoots. When cut, it is partially bleached by alternate exposure 
to the sun and nig^ly dews. It is useil by the natives for baskets and fishing-lines. Its only 
industrial use vriU probably be paper-mafeing, for which purpose it is considered equal*to esparto. 

3 Q 2 



964 


PIBEOUS SUBSTANCES. 


t 

liinutti usitatissimum — ^Flax(FB., Zin; Geb., F/achs). — Exogen; 20-40 in. Central Asia 
has been pointed out as the original home of the flax-plant, which, as now cultivated, is an annual, 
supposed to be a variety induced from the anciently grown L. angustifolium ol the Mediterranean 
basin. Almost the whole of the flax now grown is produced by L. •usitatissimum, and the very 
trifling quantities contributed by L. catharticum, L. crepitans, and L. perenne, do not yerit separate 
mention. The cultivation of flax has now almost a world-wide distribution, the temperate zone 
appearing to be best suited to its growth as a fibre-yielding plant. Belts of coast-land subject to 
moisture-laden winds possess the climate in which the plant attains greatest perfection ; and the 
littoral, from the south of Spain, northwards by France, Belgium, Holland, Scandinavia, the Baltic, 
and the White Sea, embracing also Great Britain and Ireland, comprise all the principal flax-growing 
districts. 

The approximate area under flax, and the yield per acre and total yield, of the chief countries 
which grow it as a fibre-plant, in the order of their importance, are as follows : — 

(1) Eussia ; 2,000,000 acres, at 20 stones an acre, total, 250,000 tons. Flax is largely raised ih 
three widely distant portions of the Enssian Empire — the north-west, the centre, and the south. 
The first is by far the most important, especially in the provinces of Pskov, Livonia, andWitepsk ; 
the second is much less productive ; and in the third, the plant is raised chiefly for seed. (2) 
Germany : 329,362 acres at 27 ' 9 stones, 57,432 tons. E. Prussia, Saxony, Westphalia, and Hanover 
are the principal contributors. (3) Austria: 232,494 acres, at 27 '78 stones, 40,367 tons; chiefly 
in Bohemia and Moravia. (4) Italy: 201,023 acres, at 18-14 stones, 22,791 tons ; more than half 
of this total is contributed by Lombardy, the best coming from Avellino, Caltanissetta, and Trapani. 
(5) France : 187,451 acres, at 36-34 stones, 42,575 tons. The following Departments are the chief 
producers, in the order stated ; — Nord, Pas de Calais, Somme, Finisterre, Haute Garonne, Cotes du 
Nord, Mauclie, Landes, Loire Infe'rieure, Mayenne, and Gers. Others produce a good quality, bnt 
in small quantity. (6) Belgium; 140,901 acres, at 33-59 stones, 29,580 tons. The Belgian flax, 
particularly the Courtrai product, is unequalled by any in quality. (7) Ireland : 128,004 acres, at 
24-51 stones, 19,611 tons. Almost the whole Irish growth is in the province of Ulster, the following 
counties being conspicuous— Down, Tyrone, Londonderry, Antrim, Monaghan, Armagh, Donegal. 
(8) Holland: 46,700 acres, at 31-77 stones, 9273 tons. The chief districts are Groningue, Eozen- 
burg Island, Eotterdam, Pingjum, Werkendam, S. Holland, and Sohowen Island. The white- 
flowered flax is produced in Brielle, Zealand, and Friesland : the bine-flowered variety comes from 
a portion of the provinces of S. Holland, Guelder, and Brabant. (9) Sweden : 37,500 acres, at 
20 stones, 4688 tons. (10) Hungary: 24,888 acres, at 20 stones, 3111 tons. (11) Denmark: 
17,686 acres, at 20 stones, 2211 tons. (12) Egypt: 15,000 acres, at 20 stones, 1875 tons. (13) Great 
Britain ; 7055 acres, at 24-51 stones, 1081 tons. The English counties having more than 100 acres 
under flax in 1879 were Yorkshire, 3129 ; Lincoln, 818 ; Somerset, 616 ; Sufiblk, 608 ; Cambridge, 
506 ; Norfolk, 436 ; Essex, 361 ; Dorset, 272. Scotland, in the same year, had a total of 73 acres ; 
Wales, a total of 12. The total area for Great Britain in 1879 was 7055 acres ; in 1870, it was 23,957 
acres. (14) Greece : 957 acres, at 20 stones, 119 tons. The return just issued by the Eegistrar- 
General shows the Irish flax acreage in 1880 to be .-—Ulster, 152,996 acres ; Leinster, 2157 acres ; 
Connaught, 1239 acres ; Munster, 1142 acres. This is equal to an increase of 29,513 acres, or 
23-1 per cent , over the figures for 1879. 

The countries above enumerated by no means exhaust the list. America grows very large 
quantities of flax, principally for the sake of the oU-yielding seed (see Oils — Linseed), but also for 
the manufacture of coarse fabrics from the fibre. Canada had 8000-10,000 acres of flax in 1864, and 
promises to furnish a considerable amount of the fibre ; some samples attracted attention at the Paris 
Exhibition. The plant has also been introduced into the French Colonies of Algeria and New 
Caledonia. In the former, about 14,000 acres of flax are cultivated, but the seed is the chief object. 
Natal also is encouraging the industry. In the Australian colonies, flax culture is destined to 
assume great importance ; there is a wide range of soil and climate suited to the plant, and samples 
of the fibre, particularly from . Australia, have proved so good that buyers in this conntry are 
enquiring anxiously for it. In India, flax has been grown and manufactured from very early times ; 
but within the last 200 years, it has entirely lost its ground as a fibre-plant, being reduced to a 
stature of nowhere more than 18 in., and sown and cultivated in such a manner as to produce 
bushy, dwarfish plants, the sole object being the oleaginous seeds. The plant is grown very largely 
in Bengal, Behar, Dude, Bombay, the Punjab, the N.W. Provinces, and Madras. There is an 
abundance of land available ; but it is doubtful whether the heat of the climate would favour the 
production of fine fibre, and it is certain that the natives would not relinquish their present modes 
of culture for the fiake ot the seed, without assurance that Ae fibre would be equaUy remunerative. 
Portugal grows four varieties of flax : (1) Gallego, cultivated mostly in Braganza, Braga, Aveiro, 
Gastello, Guarda, Coimbra, and especially Guimareas and d’Amarante ; receives special cai-e, and 
produces the fine ca-mhraia linen. (2) Mourisco, grows chiefly in Alemtejo and d’Algarve, and 
yie ds a coarse thread. (3) Coimh-ao, very common in Feir», Celorico, and otherSliairicts of Vianna; 
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valued next to Gallego. (4) Riga, cultivated especially in the neighbourhood of Oporto. Servia 
is reported to have about 3000 acres under flax. 

Cultivation of the Plant. — The cultivation of the flax-plant for the sake of its fibre may be dis- 
cussed under the foUowino; heads : — 

SoU. — ^Assuming that the situation be in accordance with the remarks made above on the subject 
of climatic influence, lamj in “ good heart ” will produce the largest yield of fibre, and of the best 
quality ; poor land will give weak fibre. Heavy land, with favourable weather for pulverizing the 
soil, will give rich crops. The land must always be in good condition, and clean. Peaty land without 
a clay subsoil, as well as sandy land with a gravelly bottom, is unsuited, and will give but a poor 
yield of fibre. Medium and alluvial soils are the best — a nice dry loam, neither too light, nor too 
clayey. In the polders of Holland, the vegetable mould of the Bocages, the peat of Connaught, the 
limestone of central Ireland, and the clay-slate of Ulster, good flax is grown ; but the soils best 
suited for it are alluvial deposits. In all cases, perfect drainage is an essential condition. Five 
examples of celebrated flax soils from Russia, Belgimn, Holland, and Ireland contained respec- 
tively Silica, 82-21, 83-93, 60-94, 69-32, 79 - 36 per cent.;lime,0-45,0-35,0-36,2-36,l-19 per 
cent.; alumina, 6-93, 1-29, 5-66, 7-81, 3-31 per cent. ; iron, traces, traces, 6-04, 0-45, 7-49 per cent. 
The average composition of three highly favourable soils was found to be : — Silica and sand, 69-0 ; 
oxide of iron, 5-4; alumina, 7-0; phosphate of iron, 0-2 ; carbonate of lime, 1-7; magnesia, &c., 
0-3; organic matters, 6-9; water, 9-2 per cent. The organic matter was rich in nitrogen. Land 
selected for flax should be as flat as possible, so as to produce plants of uniform leilgth, this condi- 
tion having an important bearing upon the value of the crop. 

TUlage. — This will depend upon the nature of the soil. Stubble land should be ploughed deep 
in the autumn, and if light, be allowed to remain till seed time ; medium may need a second 
ploughing, not less than 2 months before sowing; heavy land must certainly have a second 
ploughing, and may even require grubbing. The second ploughing should be shallow — 3-4 in. 
Potato ground must only have one shallow ploughing — 3-4 in., and, if the soil be light, this should 
be done only 4-6 weeks before sowing ; if heavy, it may be done earlier, so as to expose the ground 
to the frost. When the sowing-season arrives, all weeds should be removed, previously to har- 
rowing, by men with spades or grapes, and children to gather. After this, the ground is harrowed 
fine : if in ridges, up and down only ; if flat, across also. Ground in ridges is not cross-harrowed, 
because that would draw mould into the furrows, and leave too loose a bed in the furrows and 
brows. If the land is sufiSciently dry, either naturally or by drainage, the flatter it is the better. 
The extent of the pulverizing depends on circumstances : on light and medium soil, excessive pul- 
verizing is injurious ; with a deep ploughing in the autumn, and, if necessary, a shallow winter 
ploughing, moderate harrowing will leave sufficient fine surface mould to give a good bed for the 
seed ; deep pulverizing on such laud would ruin the crop, unless the season were imusually wet. 
Heavy land, on the contrary, cannot be pulverized too much. After each harrowing, the land is 
picked clear of weeds and large stones ; previous to sowing, it is rolled once. 

Sowing. — This is said to be done best on the rolled surface, though some farmers first give a 
single stroke of a seed harrow. A dry, calm day must be chosen. Flat ground needs tracking 
out, to guide the sower, by poles, or measured and traced by a man ’s foot. The best time for 
sowing depends upon the situation : land near the sea may be sown early ; inland, too early sowing 
may encounter late spring frosts, which injure the young plants, and make them branch — the worst 
evil that can befall the crop. Early sowing is done in the hope of having an early harvest, but this 
is often prevented by the weather. The best authority on flax growing in Ireland, Michael Andrews, 
Secretary of the Flax Supply Association, advises the sowing in that country to be completed before 
the last week in April, so that the flax may be “ abraird,” or well above ground, by the 1st May. 
When it is intended to lay down land in clover and perennial rye-grass, these should be sown 
immediately after the flax, and before it is harrowed in. Italian rye-grass should be sown only on 
the surface, after pulling, in wet weather. 

The kind of seed most suitable is subject to variation : on heavy land, or after a green crop, 
Dutch seed is best ; on light and medium soils, Riga seed is preferable. The quantity of seed 
used depends upon the kind sown, and upon the quality of seed and fibre required. Dutch seed 
produces finer fibre than Riga ; but this point is influenced by the thickness or thinness of the sowing, 
the fineness of fibre increasing in direct proportion to the thickness of the sowing. In Ireland, where 
the moist climate does not admit of such thick sowing as on the Continent, 2 bush, an acre (3J bush, 
an Irish acre) is the usual quantity ; but a trained sower should be able to regulate his seed so as to 
produce exactly the class of crop req^ured, without reference to the measure of seed used. Riga 
seed contains many weed-seeds, which should be removed by passing it throng specially prepared 
flax-sieves of perforated zinc. Dutch seed seldom needs this cleansing. 

After sowing, the seed is harrowed in by two strokes of the seed-harrow, once up and down, 
and once across, dry, rolling may at once follow, across the field ; on potato la^d, extra rolling 
will be needed. The prospect of the crop is best when rain falls immediately after the sowing, as 
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this makes a strong and even sprout ; but where weak spots appear, a dressing of soot or stimu- 
lating artificial manure may be applied in wet weather. 

Vfeeding. — Weeding should begin as soon as the flax is up, and weeds appear, and should 
continue at intervals till the crop has reached a height not exceeding 7 in. Seed-weeds should be 
pulled; larger ones with strong roots may be cut. The weedeis should work ba/e-footed, and 
must tread with the utmost gentleness, placing the feet flat upon the ground, and never twisting 
them. They should also work facing the wind, to assist’ the flattened plants in regaining an 
upright position. The crop soon recovers from careful weeding, but carelessness may ruin it utterly. 
Weeding must only be done when the ground is so moist that the weeds can be eradicated without 
disturbing the roots of the neighbouring plants ; in long continued dry weather, it must be foregone. 

Eotatiou and Manuring. — Sufficient attention has not been paid to the subject of rotation when 
growing flax, and to this is due, in a great measure, the diminution of the yield per acre. The 
system recommended by Andrews, as being best calculated to maintain the fertility of the soil, is to 
include flax in the *' four-course ” rotation ; but, instead of putting wheat into all the land that 
carried a green crop in the preceding year, to have * in flax and 4 in wheat. By adopting the 
following rotation, flax is not repeated on the same land till the 9th year, while the space allowed 
to it does not exceed 10 per cent, of the whole, which is considered to be the most appropriate ratio. 
Thus ; — 1st year : turnips, potatoes ; 2ud year : wheat or oats, flax ; 3rd year : clover and grass ; 
4th year: oats ; 5th year : potatoes, turnips : 6th year ; flax, wheat or oats ; 7tli year : clover and 
grass ; 8th year : oats ; 9th year : turnips, potatoes ; 10th year : wheat or oats, flax. When growing 
turnips and potatoes, the flax crop succeeding them is shifted from side to side, so that it may never 
follow turnips, as this is very objectionable. After potatoes, or old pasture, olf which one white 
crop has been taken, flax grows admirably. Lea-land, though often yielding a heavy' crop of flax, 
is objectionable, on account of the troublesome tillage, and the probability of attacks from cut-worm, 
at least in S. Ireland. On no land should flax be repeated ofteiier than once in 7 years. 

It is generally consuleied in Ireland that the use of artificial manure is objectionable in the 
case of flax, except to invigorate a ciop whose growth has been retaiJed by bad weather. The 
selection of land that will yield a fair crop without manuring, is deemed preferable. This is 
secured by good tillage, judicious rotation, and the thorough manuring of the previous crops. On 
the other hand, the finest specimens of flax sliown at the Paris Exhibition, 1878, were grown by 
tlie aid of direct manuriog. Analysis of the flax-plant dried at 100^ (212'^ F.) shows 3’2 per cent, 
of ash ; this ash contains 20 '32 per cent, of potash, 19 -88 of lime, 10 ’24 of phospl.oric acid. It is 
estimated that the flax grown on 1 acre of land extiacts from the soil about 50 lb. of alkalies 
(chiefly potash), and 24 lb. of phosphoric acid. Almost the whole of this might be returned 
immediately to the soil, if the refuse of the plants, and the retting water, were utilized. Where 
this is not done, manuring must be an expensive matter. Some eminent flax growers, in the French 
Department of Seine-Inferieure, prefer to employ a manure composed as follows li cwt. nitrate 
of potash, 3 cwt. superphosphate of lime, and 3 cwt. gypsum per acre. In the first year’s trial, 
the result was eminently satisfactory, and it is believed that by using such a compound, rotation 
might be dispensed with ; at least Loisel Mery, of Goderville, has obtained three successive flax 


crops off the same land by its use. 

Diseases.— The worst evil that attacks the flax-plant is the appearance of dark-brown coloured 
blotclies on the stems, known as “ firing ” or “ burning,” from their resemblance to the effect created 
by fire. The crop is most liable to it as it approuebos maturity, and if the spots m.ike lapid 
progress, the crop must be gathered at once, and steeped immediately, whether it be ready or not. 
The disease is usually considered incur.ible, but the recent researches of a French agriculturist go 
to show that the firing takes place only on poor soils, and especially those destitute of potash; 
and that where this valuable and most neeess.iry ingredient is supplied, the plant flourishes 
remarkably, whUe an adjoining plot, not so manured, may be completely destroyed. ‘ The flax crops 
in JV.-E. Eussi.i have been attacked by a caterpillar, especially those on high ground. Thiee or 
tour caterpillars are usually found ou a plant, feeding upon the upper branches and flowers They 
are said to be proof against smoke and lime, but are driven away by deep ploughing There is 
certainly abundant room for improvement in Eussian agriculture. ° ° 

Harvestiug.-The time for harvesting the crop must be judged with great care; the plant is 
eady when the portion of its stalk nearest the ground commences to a.ssume a ydluw tLt 1 e 
leaves at 8-10 im from the ground fall off, and the top seed-bolls begin to show a very sliSt 
brownish hue^ Pulling too early entails a tender fine fibre, which will waste much in senib ^. 
by allowing the plant to become too ripe, the fibre is rendered drv nml i in 

weight does not compensate for the inferior quality When” f ei • additional 

from wet, it should be gathered as soon asimss bk aXm a 

chosen for the harvest. Neither seythe 2kde un^ kept apart. Dry clear weather must be 
the last-mentmned lias been tried .nfncc.S^rOHr^ i^^X^ W^fy 
experienced persons, and never by children. The proper nfethod fs to seize th^prant^ir^ow 
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the seed-bolls, and to remove it perpendicularly by a dexterous jerk of the arm. When the ground 
is uneven, the stems will vary in length ; in such cases, each length should be pulled separately, 
and kept apart throughout the subsequent processes. Every care is necessary to keep a uniform 
length of stem, and to exclude weeds ; hence the non-success of the ordinary harvesting implements. 
The flax as polled is laid down in handfuls of a size that can bo conveniently grasped, and 
crossed so as to avoid entanglement, scrupulous attention being paid to keeping the “ butts ” or 
root-ends exactly even. 

Seeding or Eippling. — The next step is the removal of the seed, for which purpose, the hand- 
fuls are carried by children to the “ ripplers.” The “ rippling-comb ” consists of a row of round 
iron teeth, screwed into a slab of wood ; the teeth are about /g. in. apart at bottom, i in. at top, 
18 in. long, and begin to taper at about 3 in. from the top. The comb is bolted to a plank, lashed 
to the body of an unmounted cart, or to a frame surrounded by a sheet, either being placed in the 
pulling field. Each handful of stems is taken very tightly in both hands, and sliglitly spread out 
like a fan ; tlie extreme ends are brought down upon the teetli of tlie comb, and carefully diawn 
through, repeating the stroke, and increasing the length of stem acted upon, until all the bolls 
have been removed ; 3-4 strokes generally siitlice. A more modern implement for this 
purpose is the seeding-macliine, which simply consists of two heavy cast-iron cylinders, revolving 
within a cast-iron frame, the lower cylinder being driven from pulleys, and the upper one turning 
in contact with the lower, and releasing the seeds by the pressure of its weight upon the seed- 
bolls. Ernest I.egris, of Poiitrieux, Cotes du Nord, lias recently introduced a more complicated 
machine, shown in Fig. 66i). The beets o are spread on a table, with their seed-ends turned towards 
the beaters b ; they are pre.ssed down on an endless chain, furnisheil with corrugations, which passes 
them slowly and regu- 
larly under the blows of 
the beaters. Each beet 
receives the successive 
blows of the three heaters, 
and arrives, completely 
seeded, at the end of the 
table, where it passes 
down a scieen c, to he 
piled in order. At the 
end of each stroke of 
the beaters, the elastic 
shakers d come into play, 
and shake out the seeds, 

■which fall into a recep- 
tacle placed beneath. 

The machine is driven by 
the fly-wheel cand pulley 
/, and requires three 
attendants. As fast as 
the flax is rippled, it is 
tied iu “ beets * or bundles of small size, and loose in the hand. The best bands are rushes, but 
tying may also be done with short flax. The beets are then ready to undergo the various processes 
for extracting the fibre. It should he .added that whereas rippling is only performed immediately 
the flax is pulled, machine seeding is confined to flax-straw which has been dried in the field, 
and held over till tlia following spring. 

The furtlier treatment of the seed will he described under Oils — Linseed. 

Extraction anJ Picfuratiun of the Fibre . — The extraction and preparation of flax may be divided 
into the following sections : — ■ 

Betting.— This is tlie most important step in the extraction of the fibre from the *• boon ” or 
■woody portion of tlie stern, and consists in subjecting the latter to a certain degree of fermentation, 
in order to decompose the gummy matter which hinds the filaments together. It is performed in a 
variety of ways, which may be classified under dew-retting, simply' water-retting, and vrater-retting 
with the aid of heat, chemicals, &c. 

“Dew-retting” is employed on all the Archangel flax, and on most of that from 8t. Peters- 
burg. The flax, as soon as pulled, is sjiread on the grass, under the influence of air, light, dew, 
and rain, for a lengthened perioil. Tiit* fibre assumes a brown colour, and is mpre liable than any 
other kind to “ heat,” if exposed to damp, and closely packed. It is, however, of soft and silky 
quality. Outside Eussia, dew-retting is scarcely ever employed, 

“Water-retting^’ watering,” or “steeping,” is the process most generally in vogue. The t^wo 
essential condiWoiis are suitable water,»and suitable “dams” or ponds. Soft wat« is by far the 
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best ; hard water improves much by exposure to the atmosphere. The presence of iron, unless in 
such proportion as to cause rust, should not condemn the water, unless better can be had ; the only 
effect of iron is to discolour the fibre somewhat, and thus lower its value. Water containing lime 
must not on any account be used. As an easy test of the suitability of water for retting purposes, 
it may be stated that any water in which soap will not curdle is sufficiently soft ; b;rt the softer it 
is, the better. 

Artificial dams should be made long before they are required, and be dug in clay if possible. 
Dimensions will vary, but a depth of i ft. should not be exceeded, and the area should be divided 
among several, rather than restricted to a few of large size. The average crop of I acre will 
require a dam of about the following capacity : — Length, 50 ft. ; breadth, 9 ft. ; depth, f ft. The 
situation should be sheltered from wind, with a sunny aspect. Soundness is essential in a dam ; 
flax-water will escape more readily than clean water. Peat-bog holes may be extemporized as 
dams, but they must be of old formation. New dams should be dug during winter, and old ones 
repaired at the same season ; either should be filled by surface drainage, and kept full till steep- 
ing time. Where the dams are so situated as to allow the water to be run off, a pipe may be fixed in 
the bottom or side for that purpose ; the same water should never be used twice. 

Dams and water being suitably provided, the retting commences. The beets, tied as described, 
are taken to the dam. The flax pulled each day should be put into the dam on the same evening 
if possible ; and one day’s pulling should never be mixed with that of another. Beginning at one 
end of the dam, the beets are laid closely side by side in rows, with the root end down ; when one 
row is finished, a second is commenced, placing the tops of these beets level with the bands of the 
first, and so on, row after row, till the dam is full ; a final layer may be placed flat on the top. The 
rvhole is tiien covered with ragweeds, rushes, or straw, then preferably with boards; and finally 
stones, or turf-sods with the grass downwards, are piled on to sink the flax beneath the surface of 
the water. Where a stock dam is available, by far the best plan is to fill the dam while dry, and 
then let in the water. Fermentation ensues, the sooner the better; in continued warm weather, it 
will set in immediately. This process causes the flax to rise above the water ; it must be forced 
down, and more heavily weighted. When the fermentation decreases, the flax will sink in the 
water ; the weight must then be partially removed, so as to allow the flax to rise to the heat, but 
never so far as to reach above the water. After a few days, — the duration of the retting varies 
exceedingly, according to the nature of the weather, of the water, and of the crop,— the flax is 
examined, and tiie greatest judgment is demanded to decide when the watering has proceeded suffi- 
ciently far. _ One or two beets are removed from different portions of the dam, opened, and tested. 
The conditions which indicate that the flax is ready to leave the dam are as follows ; — If “ glit ” 
appears in the middle of the beet, and it feels soft when grasped in the hand; if the" “reeds” or 
stems taken out are covered with a greenish slimy substance, and if this can be removed by delicately 
passing the reed between the finger and thumb; and if, wlien gently bent over the forefino-er the 
woody “ shive ” or core freely separates from the fibre, and starts up. The stem must bo examined 
throughout its length ; it will be found softer at the root-end, but if it yields to these tests in the 
middle, it may safely be considered ready. Both coarse and fine stems must be selected ■ the 
former will be ready first, so the average condition must be determined. The Dutch test is to ’hold 
the middle of a stem in both liands, and twist in opposite directions ; if the fibre separates freely 
from the core, the operation is considered complete. It is common to ret flax too little trustin- to 
finish the process on tlie grass ; but this is not advisable, and tlie glassing should amount to httlo 
more than drying. At first, examination should be repeated daily, tlien at intervals of six hours as 
the change may be rapid towards the end. When tlie retting is complete, the burden is removed 
and the beets a.e taken out very carefully by men standing in the water. The flax is then allowed 
to dram for a few hours eitlier by laying the bundles down on an incline, or by standim. them 
together on their root ends, taking care not to place too many together, or heating mav resuft 

Many plans have been devised for avoiding tlie retting process altogether, but none has y^t met 
with even parUal success Later investigations have been prosecuted rather in the direction of 
reducing the time occupied m the ope.ation as ordinarily conducted, and rendering it more constant 

aud uniform. The only successful modifications are the folIowino-.—rn t? -r > 

system. Open pools and dams are replaced by large, covered, wooden vats, in which the flax is 
tightly packed in a vertical position The water admitted is raised to a temperature of 24°-35° 
(75°-95° F.), and IS maintained at that heat during the whole period of steeping. The fermL 
tation IS very brisk, and the operation is concluded in 50-60 hours. (2) Pownall Lpplements this 
by passing the stems immediately on their removal from tlie vat, between heavy rollers over which 
a stream of clean vvater is kept flowing, this effectually washing away the adherent gummy matters 
and much fec'l^ta^mS subsequen processes. (3) Michael Andrews suggests, as an iinprovemen 
upon Schenk s method o admit the water at the proper temperature, and then to mMiitain it so 
by keeping the air of the chamber containing the vat at the coi-rect degree, ^miformity being by 
this means n^eh more easily ensured. The ordinary Irkh method of rettinn- in open pools of 
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stagnant water is unequalled by any in simplicity, and cheapness of plant ; but some of the Con- 
tinental methods are more elaborate, and produce better fibre. These will be alluded to below, under 
the section treating of local modifications. 

Spreading or Grassing. — When the flax has drained sufficiently, after removal from the retting- 
dam, it is eom,%yed to the spread-ground. This should be a field of clean, short, thick pasture, 
any tall weeds or grass being carefully mowed down. The beets are distributed at convenient 
<listances ; the spreaders follow, and shake the flax out in a thin layer in even rows across the field. 
V\ hen turning is not intemled, the top of one row should overlap the butt of the preceding, to the 
extent of about 2 in. This is done to prevent the scattering effect of a high wind; but it is 
objected to by some that it tends to cause entanglement in the subsequent lifting. The flax is 
sometimes turned by a pole 2-3 times while lying on the grass, in which case, it must not be allowed 
to lap. Turning doubtless produces a fibre of more uniform colour and quality ; but it loosens it on 
the glass, and thus exposes it to the wind, which is a serious drawback in some districts. It is best 
done when rain threatens, as in that event the flax would be beaten down. After the first dav’s 
exposure, the stems will be found quite “ tight,” and the fibre will be most difficult to separate from 
the woody core, except with much rubbing. But in a day or two, if the retting lias been properly 
conducted, the stems will begin to “bow” — the fibre contracts, aud leaves the core, the two 
resembling a bow and string. When this occurs, and a slight rubbing suffices to make the woody 
core break and fly off from the fibre, the fl.ix is ready for lifting. 

Lifting. — Flax must never be taken off the apicad on a wet day, nor while dew is on it. Great 
care must be taken to keep the butts or root-ends quite even. It is laid down in bundles of a size 
to make small beets ; these are tied moderately firm, and stocked for a few days, if the weather is 
settled : but if the weather is doubtful, it is better to carry the flax to a loft, or stack it. 

The above directions assume the existence of favourable weather. In the opposite case, some 
deviation will be necessary. Thus, should unsettled weather threaten towards the end of the 
retting, the flax had better be taken out before it is quite ready, as. in the “ hard ” slate, it can 
better withstand unfavourahle weather while on the grass. Or, snppesing tiie retting to have been 
complete, and either wet weather, or scorching dry weather, should occur when the flax is quite dry 
on the glass, it is well to lift somewhat prematurely, and stack, as a few nionllis' stacking will 
produce the same effect as a prolonged and more favourable grassing; indeed stacking always 
improves it. If ram continues during the grassing, mildew and other iiijuiy can only be avoided 
by lifting the flax in large handfuls, and setting it up in the form 
of a hollow cone, as seen in Fig. C'J7, taking care to lift by the boll 
ends, and to slightly twist the top of the cone, to give it strength 
iigaiiist the wind. 

Drying — If the grassing is properly peiformed, no other drying 
will be neoe.ssary. The applic.xtion of flre-lieat is alw.iys most 
])criiicious. Drying in the field before retting is a Belgian 
piactice, described further on. It has some advantages, and atlbrds 
a couveniout alternative when water is scarce at the retting season. 

Breakiug. — The efliciently retted and dried stems are next sub- 
mitted to a process of breal.ing, to fit them for the final scutching. 

Tlie IiisU method of breaking was of the rudest kind, but very effective machines are now made to 
perform ibis operation of bruising the stems, and breaking up the boon or woody portion, so as to 
loosen it from the fibre. One of tlie most simple machines for this purpose is shown in Fig. 668. 
It consists of two pairs of fluted iron rollers, and a table to receive the stems. The “ straw ” is 
fed in by hand between the first pair of rollers, which crush it somewhat, and jwss it on to the 
second pair, with finer tiutings, where the breaking-up is completed. The top rollers are free to 
move up and down, tlio requisite pressure being obtained by means of iudiaiubber rings, placed 
iu recesses on the tops of the sliding bearings, and kept down by cro.ss b,us. 

Another simple machine, which, while having only a limited power of production, breaks a 
small quantity well, is shown in Fig. 669. In a frame A, it has two fluted rollers, which efl'eot a 
reciprocating motion from the crank B upon the fluted cylinder C. 

Figs. 670 and 671 represent two flax-breakers on the Hodgkin-Brazier princqde. The recipro- 
cating motion is given to the large cylinder, and is communicated by the flutes to the rollers. 
The cylinder oscillates under the rollers, and is provided with a forw ard movement in excess of the 
backward movement, so as to deliver the fibre at a certain rate upon the endless tiavelling lath. 
This system possesses the disadvantages that the great strain thrown upon the cylinder fiequeutly 
causes it to break, and tliat the crushiil^ between the flutes is practically repeated upon the same 
spot, and tends to cut the fibre. 

Tlio machines shown iu Figs. 672 and 673 are a great improvement upon the preceding ; they 
are the invention iif* Samuel Lawson aud Sons, Hope Foundry, Leeds. Their essential difference 
consists in havtiig pahs of rollers, instiAid of rollers working upon a cylinder. Eacl pair of rollers 
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is driven by a pinion gearing into the large internal wheel A, the strain being thus equally divided. 
A second similar wheel on the other side drives half the number of pairs of rollers. By this 
system, 8, and even 12 (Fig. 673) pairs of rollers may be driven in one machine. The rollers 
may also be made to vary from coarse to line fluting, so as to operate gradually upon the stems. 


An arrangement 
is provided for 
regulating the 
amount of for- 
ward motion in 
the reciprocating 
rollers, so as to 
deliver the stems 
more or less 
quickly, thus re- 
taining them for 
a longer or shorter 
time, as required. 
Another advan- 
tage is the con- 
stantly changing 
action of the 
rollers upon both 
sides of the stems. 
The spaces also 
between the rol- 
lers allow the 
dirt and impuri- 
ties to fall fieely 
away. These pow- 
erful machines act 



with equal effi- 
ciency upon other fibrous stems which need “ breaking,” as hemp, jute, &o. The six-pair one can 
break daily 3-1 tons of jute, or 1-2 tons of hemp, and a proport.onately larger quantity of flax. 


669 . 



Karbuth’s flax-breaker, requiring great power, and working at a high speed, is used in Hun<rary 
in preference to aH others. An outline of it is shown in Fig. 671. The drum is replaced by a 
series of rollers 6, 5 in. in diameter, moved by one large spur-wheel D, and gearing into the 
breakers a, carried by the frame A, and oscillating with the latter round the axis C. The oscilla- 
tion, which is transferred from the main-shaft, through the rods F P, and eccenfrio G is very rapid 
Motion is given from shafting to the pulley O, and froiJ H to M, whence a belt passes to the 

< t 



pTilley I, on the same 
the feeding-cloth c, ar 
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over the slides of all the bearings ; the rope runs beueath the machine, over the guide-pulleys e, and 
is fastened to the beam /, which is turned into position by levers, and secured by the pin n. The feed 
and delivery tables are h and i. 

It is of the utmost importance that the breaking should be well performed, as this will reduce 
the amount of ^utching required, and thus result in a lessened proportion of tow. 

Scutching. — Scutching is the 
last process with which the culti- 
vator is concerned. By it, the fibre 
is freed from the broken particles 
of woody matter, and rendered fit 
for market. It is of great import- 
ance that the stems be fed in a 
uniform manner to the scutcher ; 
the more regular the length of the 
stems, the more evenly their ends 
terminate, and the stra\ghter the 
stems, the less will be the loss of 
fibre in scutching. The operation 
is performed in several ways. Both 
on the Continent and in Ireland, 
the primitive method of liand-scutch- 
ing is only partially retained, and 
it is doubtful whether any mechani- 
cal appliance could equal the quality 
of the work done by the skilled 
operatives of Belgium and Holland, chiefly by reason of the judgment required to be displayed 
in accommodating the soutoliing to the ever-varying condition of the straw. Nevertheless, 
mechanical scutching is coming into extensive use, ou account of its greater rapidity, and will in 
time doubtless usurp entirely the position of the older system. It may be carried on in two ways : — 
(a) by soutohing-mills ; (b) by scutching-machines. 

(fi) Scutching-mills consist of long rooms divided into a number of “ berths ” or partitions, gene- 
rally not exceeding 50 ; they are built of brick, and well lit by side windows. Througliout their 
length, runs a wronght-iron 
shaft a, fixed in bearings on 
a row of wooden or iron 
pillars 6. At each berth, 
this shaft carries a wheel, 
termed a “wiper-ring” c, 
provided with a number 
(usually 5) of wooden blades 
d, as shown in Fig. 076. 

Parallel with the shaft, and 
at a little distance from it, 
is placed tlie partition e, 
made of iron as a protection 
against fire, firmly bolted at 
foot, and stayed at top by a 
bracket / from the beam tj. 
which unites the row of 
pillars. The scutching- 
blades work against pro- 
jected wedge-shaped openings h in the partition, the lower edge being horizontal, and a little 
above the centre of the wiper-shaft. The wiper-rings are fixed at distances of about 2 ft. 9 in., 
and as the projected openings are about 9 in. wide, each workman has a “ berth ” of 2 ft. to stand 
in. The floor on the pillar side of the partition is much lower than on the other, to afibrd space 
for the woody “boon,” dust, tow, &c., without impeding the blades. Every care must be taken in 
the fitting to prevent the dust entering the workmen’s bertlns, as it is highly pernicious. After 
leavino- the breaker, the flax is well shaken by hand, to free it as luucli as pcs^iblo from the boon, 
and is then taken into the scutching-reom, and placed in suitable handfuls or “ streaks ’ on the 
table !. The workmen stand in a row between this table and the partition, one in each berth, witli 
the left hami against the partition, and the wedge-shaped slot in front. Each takes a handful or 
streak of the broken straw from the table, and inserts one end of it in the slot through the uncovered 
part of the projoction, resting the middle of the streak on the bottom edge of the slot.^and sliding it 
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gradually forward, so as to bring it well under the action of the scutching-blades, which strike it in 
the direction of its length. When the shove or woody boon has been beaten out of one-half of the 
flax, he withdraws it, and inserts the other half, to be similarly treated. He then passes tlie handful, 
thus roughly scutched, to his neighbour, who treats it in exactly the same manner, and finishes 
the operation. The scutoiiing- 
blades in the second operation are 
set closer to the slot than in the 
first, and consequently there is more 
thorough scutching. It is customary 
for the men to work in pairs : the 
one who performs the first opera- 
tion is technically called a “ buffer ” ; 
the other, a “ finisher ” or “ cleaner.” 

The finished flax is finally moved 
from the table and carried away to 
store. 

The operati(jn of scutching 
necessarily causes a waste of fibre, 
because, however much care be 
used, some of the fibre is broken 
by the action of the scutching- 
blade, and also by adhesion to por- 
tions of the woody part of the 
straw. This waste is called 
“ scutching - tow,” or “ codilla ” ; 

“ tow ” proper results from the sub- 
sequent operation of hackling. Al- 
though less valuable than the 
original fibre, it has considerable 
worth, being used according to its 
quality, for spinning yarns for twines, sackings, canvas, linen, and similar purposes. The codilla 
drops to the ground behind the partitions, and contains a large quantity of boon, which must be 
separated. This is done in the first instance by rough hand-sbaking; as, however, it is impossible 
to get all the boon out in this manner, it is afterwards passed through a “ shake-willow,” very 
similar to the “ rag-willow,” described under the bead of Rags, with certain modifications to 
adapt it to this special work. In this machine, almost all the boon is taken out of the codilla 
which is then packed in bales ready for sale. The quality depends on the quality of the flax[ 
and its treatment. The great improvement that has taken place of late years in the construction 
of machines for preparing and spinning tows has caused them to rise very much in value. The 
principal point in scutching is to make as little tow as possible ; the next point is to send the 
latter into the market clean and free from boon, so as to ensure a high price fur it. 

As a rule, scutching-mills are woiked by steam-power. It is a very important fact that, with 
properly constructed engine and boiler, the •* boon ” or w'oody matter separated from the flax-straw 
is quite sufficient fuel for generating the steam requued. 

(5) Machine-scutching, called also “barrel-scutching,” in contradistinction to the scutching- 
mill, which is an “arm-scutch,” is effected by a revolving drum or cylinder a, placed in a cast-iron 
frame, and covered with sheet iron b, as seen in Figs. 677, 67S. Around the periphery of the drum, 
and parallel with its axis, are fixed tough, flexible wooden blades, the leading edges c of which are 
sharpened ; at the back of each blade, is a row of semicircular metallic scrapers d, resemblin<? flno-er- 
• nails ; and behind them, projecting metallic blades c. In front of the machine,’ are two iro°i stocks 
or face-boards /, pivoted at the base, and adjustable by means of screws and lock-nuts. On the 
inner surface of the stocks, are fixed sheet-iron curved spring-plates </, also adjustable ; and, at each 
side of the machine, is an opening in the cast-iron frame, to allow the straw to enter.’ The opera- 
tion is as follows The workman takes a streak of the straw, and inserts one end of it throuo-h 
the opening in the side of the stock, retaining the other end in bis bands. The revolving blad'es 
strike the straw in the direction of its length. The metallic scrapers answer the purpose of human 
fingers, in separating the straw, and exposing new portions to the action of the blades. Meantime, 
the workman gradually slides the str.iw towards the centre of the machine, and withdraws it 
through the space between the two stocks. He then inserts the uiiscutched end to be similarly 
treated. Having thus rougli-sciitched the whole streak, he hands it to his neighbour, whose blades 
are set more closely, and by him the scutching is finished. Each machine thus require# two work- 
men— a “bufler,” and a “ finisher.” The machines are placed in a row, side ky side, but indepen- 
dently in a rooiri, and are driven by a shaft and pulleys, "^le back of each mfchvie is provided 
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with a fan for drawing oif the dust, boon, tow, &c., into a flue which delivers outside the building. 

This plan is gradually going out of use. 

The following illustrations of scutching machineiy are due to Thomas Barraclough, Engineer, 

Manchester. As to the relative merits of the two systems, it may generally be assumed that in 
large establishments, with skilled labour, scntching-mills are the better, because the cheaper in 
first cost ; for small establishments, where the labour is not so efficient, scutching-machines are 
preferabie. 

6'7. 67Q. 


There are now many advocates for brushing the flax before baling it for market. For tliis 
purpose, the hrushing-macldne described under Aij.icc aincrfjinu (p, 912) is used. It is said that 
Ss.-lOs. a ton expended on tlie brushing of the fibre wdl add a ton to its value. 

local Jludifioutioiis . — The above-described methods of cultivating the flax-plant, and preparing 
its fibre, refer more particularly to the industry as conducted in Ireland, much of the information 
having been obtained through the kind services of Michael Andrews, the energetic Secretary of the 
Flax Supply Association, Belfast. For those who intend introducing the culture into new districts, 
interest will attach to the following brief description of the principal local deviatious, as adopted by 
the chief llax-pioducing countries, taken in their alphabetical order. 

Belgium. — Both white and blue blossom is grown ; the former yields a coarse, but abundant and 
strong, fibre, chiefly used in admixture with hemp ; the latter gives a finer, softer, and more 
valuable fibre. A north-east aspect is preferred ; in sheltered spots, tlie fibre is weakened by the too 
vigorous growth of tlie stalk in warm damp weather. Sewage, and stimulating artificial manures 
are used, but are usually applied to the preciding 
crop. The finest and strongest flax is grown on 
loamy land ; but selection of soil is deemed second to 
good tillage and manuring ; sandy and cold clay soils, 
however, are objectionable. The land is ploughed 
in October-^lovembtr, out of corn stubble, after pota- 
toes, mangold, or beet. A montli or two before 
sowing time, it is dressed with powdered colza cake, 
and watered with liquid manure. At sowing time i 
(20th Feb. till end of March), it is liarrowed and 
rolled, the seed is sown, and the land is rolled again ; 
seed used, about 7 bush, to 2J acres. In light land, the flax is hand-rolled when abraird. Pulling 
begins about 24th June; wlien tlie reed is fine, it is left longer to ripen than when coarse; 
when the best quality is requiied, it is pulled before the seed is ripe enough for sowing. The 
handfuls are stocked the same day, without being tied in beets, in the form sliown in Fig. 679 ; 
the stocks are tied at each end. Here it remains till dry enough for tying into beets, which 
are built into hedges.” These are foemed by laying two poles on the ground, and ranging the 
beets on them, about 8-10 beets high, the tops and butts reversed alternately, the length of the 
hedge depending upon the quantity ; one row is then laid lengthwise along one edge, and on this 
are placed tiie butt-etfas of another row, forming a slanting surface ; the ends and top are carefully 
straw-thatched, to &ep out sun and rain . and two poles are driven into the ground aheach end as a 
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support. A hedge is seen in Fig. 680. The flax remains in hedge till dry enough for storing or 
stacking — about 1 month in favourable weather, — being occasionally examined. If heating occurs, 
the hedge is taken down and rebuilt. When dry, the flax is removed to store or .stack, there to 
await the retting process in the following spring. Before retting, the beets are placed on a 
floor, and the seed is threshed out with the mallet shown 
in Fig. 681. Two beets, with butts and tops reversed, are 
then tied togetlier with 3 straw bands, forming “ bundles,” 
as seen in Fig. 682. 

It is seldom that the farmer prepares his own flax ; 
usually he sells it as a standing crop to a '* flax-worker,” and 

this fact, of the manipulation of the straw forming a distinct ^ ^ _ ■>.. . j., - 

industry, ensures more skill being brought to bear, and 

accounts in a great measure for the superiority of the Belgian . ■ 

flax. The best descriptions are prepared in the Courtrai ■ 

district, where the river Lys is available for retting pur- 
poses, and where generations of flax dressers have earned a livelihood. The Lys is practically a 
canal, and the slowness of its current, and (?) softness of its water, have much to do with the 
quality of the flax prepared in its neighbourhood. The bundles are packed in wooden crates, lined all 
around with straw, to prevent the flax coming into contact with the sides, and to impede the cur- 
rent flowing through the flax. The bundles are packed vertically, and covered 
with straw. The filled crates are then floated into the river and kept near 
the bank by tying to stakes ; boards are laid on the top of the straw, and 
loaded with stones, so as to sink the orates and submerge the flax. The retting 
is not allowed to advance far, when the flax is taken out, and set up in hollow 
cones (as shown in Fig. 6B7), and dried; it is then retied, repacked, aud put 
back into the river to complete the retting. The Belgians do not rely only 
upon the test mentioned above for ascertaining when the retting should be 
terminated, but employ an additional one: the fibre is carefully separated 
from a single straw, and held about 6 in. apart; it is then placed close to the 
ear, and gently jerked— it should not break, and if sufiSciently retted, the sound should be soft, if 
not, the sound is sharp and ringing; only the most skilful can discriminate the condition by this 
delicate test. The lapse of a long period between the first and second retting is considered favourable 
for the production of superior fibre. 'When the retting is complete, the flax is again set up iu 
cones, and left till the fibre separates from the woody core ; 
it is then tied in single beets, and stored for scutching. 

Before scutching, each beet is opened, and sorted by ex- 
perienced manipulators ; that in perfect condition is put by 
for first-class fibre ; that which is ovcr-retted is scutched 
separately ; and that which is “ hard ” is made up into 
bundles, and retted a third time. The best flax is scutched 
by hand, though machines are largely used. The latter are rude and simple, and generally home- 
made. 

In the so-called “ blue districts,” the flax is retted in stagnant water, the same season as crrown. 
In some instances, to improve the colour, branches of alder are tied into faggots, and put into the 
ditches some time before the retting season ; these are removed before the flax is put in, the leaves 
being in a decomposed state. The water, of a black colour, is then stirred by long paddles, and 
tlie flax is packed in the ditches as in Ireland. 

France. -Well-manured, light clay soils are preferred. Of manures, horse-dung and guano are 
considered detrimental, as drying the fibres. It is common to herd sheep on the ground, or to 
•• manure with cow-dung aud sewage. The common rotation give.s one crop of flax in 7 years 
though rotations of 10, 11, aud U years are sometimes adopted. The flax crop may follow pasture' 
clover, hemp, oats, carrots, beans, potatoes, beet, or colza. In N. France, the usual rotation in -'ood' 
soil is:— 1st year, wheat ; 2ud, rye and turnips; 3rd, oats; 4th. flax; 5th, clover; 6th, colza •'ith 
potatoes. On good stiff soils 1st, potatoes; 2ud, wheat; 3rd, flax; 4tb, clover; 5th, rye' 6th' 
oats ; 7th, buckwheat. On poorish sandy soils 1st, flax ; 2nd, rye ; 3rd, clover ; 4th, buckwheat ’ 
5th, carrots; 6th, potatoes; 7th, barley. On a rich loam (10-12 years’ rotation) :— 1st beet • 2nd' 
oats ; 3rd, clover ; 4th, wlieat ; 5th, flax ; 6th, wheat ; 7tb. beans ; 8th, wheat ; 9th, potatoes •' 10th' 
wheat ; 11th, oats. The treatment of the best French flax differs little from the Bel'^ian method' 
in fact, quantities of it are taken to the Lys for retting. ^ ’ 

Holland.— The 'land is considered best for flax after one crop of rye or oats, preceded by rape 
On broken-up lea lands, it is a risky crop ; but such lands after oats are favourable. Ttie quantity 
of seed used is about 2i bush, an acre— i less when it is home-saved seed, ly ceding betrins when 
the plants are^ in. high, and lasts 6 weeks. The saving of sowing-seed being {-n ipTportaut point, 
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the tiine of polling is principally regulated by the condition of the seed, which is tested by cutting 
the capsule across, so as to sever the seed, the section of which should exhibit a compact defined 
form, and not appear displaced by the knife. As pulled, the flax is tied in beets, and stocked as 
shown in Fig. 683 ; it remains in the field till dry enough to be conveyed in barges to the retting 
pond. It is put mto small stacks, or stored in a bam, and rippled. It is then retted in ditches of 
stagnant water ; these have been previously cleared out, and 
the mudiis used as a covering for the flax. The retting is 
conducted much the same as in Ireland. The grassing 
receives great care : in ordinary weather, the flax is spread 
in the usual manner ; but if very wet and broken, it remains 
in the beets, three of which are placed upright, leaning 
against each other, to get partially air .dried, after which each 
beet is cut loose, and placed in a cone, as shown in Fig. 667, 
tiU dry enough for storing ; it is always put into these cones 
for final drying. 

Eussia. — Though Kussia grows more flax than any other country, the modes of culture and 
preparation are unequalled for rudeness and carelessness. The coarseness of Eussian flax is partly 
due to the thin sowing, which is done to lessen the liability of the crop being laid by the severe 
thunder-storms, of common occurrence af the time when it is in flower. 

Characters and Uses of the Fibre. — Of all vegetable fibres, flax occurs in the greatest variety, as 
regards the length of the filaments, their colour, fineness, and strength ; but the fibrous bundle 
always retains the character of being very readily divisible into its distinct filaments, by rubbing 
it between the fingers ; it then becomes soft and extremely supple, while preserving a great tenacity. 

A transverse section of a flax-stem is shown in Fig. 684 ; a, bark ; 6, woody fibre; e, epidermis ; 
f, bast fibres, coloured distinctly blue 
by teat H ; mag., 100. The individual 
fibres are seen in Fig. 685 : a, sections 
of the fibres, isolated and in groups ; 

6, the fibres viewed longitudinally ; one 
of them shows the creases produced by 
repeated bending ; c, ends ; a', sections 
of fibres situated near the butt of the 
plant ; mag., 300. Under test F, the 

fibres assume a transparent blue colour, the X-like creases taking a much deeper tint. The interior 
channel appears as a yellow line, which, in the centre of the transparent blue stem, is characteristic 
of flax. The dimensions of the fibres are as follow : — length, 0 ■ 157 in.-2 ■ 598 in. ; mean, about 
1 in.; diameter, 0 • 0006-0 • 00148 in.; mean, about 0-001 in. The chief characteristics of flax 
are its length, fineness, sol- 
idity, and suppleness. Its 

remarkable tenacity is due I | [IjJ 

to the fibrous texture, and 
the thickness of the walls ; 
its suppleness permits it to 
be bent sharply ; its length 
is invaluable in spinning ; 
and the nature of the sur- 
face prevents the fibres from 
slipping on each other, and 
contributes to the durability 
of fabrics made with them. 

Flax may be made lustrous, 

like silk, by washing in jlT 

warm water, slightly acidu- 
lated with sulphuric acid, 
then passing through bichro- 
mate of potash vapour, and gently washing in cold water. Samples of flax exposed for 2 hours 
to steam at 2 atmos., boiled in water for 3 hours, and again steamed for 4 hours, lost only 3-5 
per cent, of their {Weight, while Manilla hemp lost 6-07; hemp, 6-18-8-44; jute, 21-39. The 
conversion of flax into textile fabrics is a Ijrge and distinct industry (see Linen Manufactures). 

Brands, Prices, and Imports. — Flax is sorted and bracked differently at the various ports where 
it is chiefly shipped. Ordinary Eiga brands are as follows : — K, crown ; H K, light crown ; P K, 
picked crown ; H P K, Jight picked crown ; S P K, superior picked crown ; I S P K, light superior 
picked crown. Crow|i flaxes of “ grey ” or “ white ” colour are shipped from Riga, mos^ to France 
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and Belgium, as : — G K or W K, grey crown or white crown ; G P K or W P K, grey or white 
picked crown ; GSPKorWSPK, grey or white superior picked crown. The Livonian or Hoffs 
flaxes shipped from Riga are : — H H, hofls dreiband ; W H D, white hoffs dreiband ; PHD, 
picked hoffs dreiband ; AV P H H, white picked hoffs dreiband ; F P H D, fine picked hoffs drei- 
band ; W F P H D, white fine picked lioffe dreiband ; S F P H D, superior fine picked hoffs drei- 
band ; AV S F P H D, white superior fine picked hoffs dreiband. The lower Riga flaxes are ; — AV, 
wrack ; AV P W, white picked wrack ; P AV, picked wrack ; G P AV, grey picked wrack D, drei- 
band ; L D, Livonian dreiband ; S D, Slanitz dreiband ; P D, picked dreiband ; P L D, picked 
Livonian dreiband ; P S D, picked Slanitz dreiband. The S D and PSD qualities are distinguished 
as Lithuanian Slanitz, AVellish Slanitz, and AViasma Slanitz, there being differences in the produce 
of the several districts. The Archangel flaxes are known as 1st, 2nd, 3rJ, and 4th crown ; and 
1st and 2nd Zabrack. St. Petersburg ships : — Pscow 12 heads, Longa 12 heads, Staro Russ 
12 heads, Saletsky 12 heads, 9 heads, and 6 heads, all of which are white, or water-retted ; also 
Rjeff, 1st, 2nd, 3rd, and 4th crown, and Zabrack, all brown or dew-ietted; many other minor 
dew-retted flaxes come from St. Petersburg, bearing the names of the locality of production, as 
Melinki, Bejetsky, Ouglitch, Kostroma, Jaroslav, Vologda. AVTasma. Flax shipped from Pernau 
is distinguished as Fellin and Livonian, the former being the better, rmder the following marks : 
— M, jllarienburg ; G, cut ; R, ristcn ; H D, light dreiband ; D, dreiband : O D, ordinary drei- 
band ; L 0 D, low ordinary dreiband. Inconsiderable shipments are made from the ports of 
Narva (as No. Y. and No. VI.), Libau (as crown ; and 4 brand), Alemel (as 4 brand and N B), and 
Revel. Tow is classed as Archangel, No. 1 and No. 2 ; and Petersburg, No. 1 and No. 2. 
Codilla, as Archangel, No. 2 and No. 3 ; Petersburg ; and Riga. 

The approximate relative market values of the cliief brands are : — Archangel, 3rd crown, S2?.-54?. 
a ton ; Zabrack, 391.-48/. ; Petersburg, 12 head, 25Z. 10s.-361. ; 9 head, 22i 10s.-251. ; Egypt, govern- 
ment dressed, 451.-501. ; common to good, 191.-351. French flaxes of exceptional quality bring as 
much as 1801.-2001. a ton. 

The experts from Riga in 1877 were 33,292 tons of flax (excluding tow and codilla) ; and in 1878, 
29,682 tons. Archangel, in 1877, shipped 10,361 tons : and in 1878, 8059 tons ; about J to Great 
Britain, and i to France. Konigsberg, in 1878, exported 135,854 owt. ; and in 1879, 135,600 cwt. 
Dunkirk, in 1877, shipped 518,399 kdo. 

The imports of flax into the United Kingdom in 1879 were as follows ; — Dressed; from Holland, 
13,924 cwt., 52,8881. ; Russia, 6178 cwt., 15,0471. ; Belgium, 994 cwt., 37301. ; other countries, 
2179 cwt., 56951.; Rough or undressed : 

Russia, 1,046,687 cwt., 1,857,3241. ; 

Belgium, 1,85,112 cwt., 814,3931.; Hol- 
land, 107,944 cwt., 365,9311. ; Germany, 

52,221 owt., 86,4261. ; France, 12,453 
cwt., 30,4441. ; other countries, 5362 
owt., 10,5771. ; Tow or Codilla: Russia, 

141,885 cwt., 209,5391. ; Belgium, 

98,933 cwt., 110,0941. ; HoUand, 16,581 
cwt., 16,8581. ; other countries, 4641 
cwt., 57151. 

Liygeum Spartmn — Esparto 
(Fr., Sparte'). — Endogen ; perennial 
grass, of creeping habit, and with the 
leaf-sheaths internally glabrous. A 
native of the Mediterranean regions, 
but chiefly abundant in N. Spain ; 
selected for culture in Victoria. It 
grows in similar soils and situations to 
those frequented by Macrochloa tenucis- 
siina, and in many respects closely re- 
sembles that plant. A section of the 
leaf is shown in Fig. 686: ee’, the 
epidermis of each side of the leaf; /, 
fibre - vascular bundles,’, situated in 
circles, coloured yellow by test H ; f, 
fibres scattered throughout the paren- 
chyma of the leaf coloured blue by the same test ; mag., 100. The dimensions of the filaments are : 
—length, max.,0 17in., min. 0 04 m., mean, 0-1 in. ; diameter: max., 0 • 0008 in. • .-uin. O' 00048 
m. ; mean, 0 0006 in. The fibre is tough, and said to have been used ^or rope^maktog by the 
Romans. It is commonly supposed to contribute largely to the esparto grass of commerce, s^ 
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largely employed by paper-makers ; but W. H. Eichardson asserts positively that the commercial 
article, from whatever locality, is the produce solely of Macrochloa tenacissima (q.v.). 

Macrochloa [Stipa] tenacissima — Alfa, or Esparto.— Endogen. This grass is a native 
of Spain, Portugal, Greece, and N. Africa, ascending the Sierra Nevada to 4000 ft. ; it is recom- 
mended for culture in Victoria. The habit of growth is tufted, and the leaf-sheaths are hairy inter- 
nally, by which characteristics it is distinguished from Lu'jeim spui-tum, which is popularly, though 
erroneoiMy, supposed to yield a portion of the alfa or espai to of commerce. 

Cultivation of the Plant. — The plant grows in root-clusters, 2-10 ft. in circumference ; between 
the clumps, little channels convey away excess of moisture. The leaves attain a lengtli of 6 in.- 
3 ft., and are about 0'16 in. in diameter, becoming dry and closer when ripe. The flowers appear 
in April-May, and ripen in May-June; the seed falls in June- July, and germinates in tlio 
following autumn. Seed is generally produced annually, its quantity' depending much upon the 
rainfall. The young seedlings are very delicate, and easily killed by late frosts. For the first 
2 years, growth is scarcely perceptible ; and not till 12-15 years have elapsed, will the plant begin 
to yield serviceable produce. It then continues to develop up to a great age. Cultivation, properly 
speaking, is almost unknown to it, and men have mostly been content to draw upon the very 
extensive wild growth of the plant. Nevertheless, if supplies are to be maintained, this subject 
must receive attention. The following remarks therefore are intended to indicate what might be, 
rather than what is done. 

Situation and Climate. — The zone where the plant is indigenous may be included between 32’ 
and 41° N. lat. ; here it is found at altitudes varying from sea-level to 3000 ft. Tlie most favour- 
able localities are at moderate elevations on tho sea-coast, none comparing with those where the 
plant is under tie immediate influence of tho sea-air. Here the fibre is fine, short, and even. At 
the same time, much finer esparto, with longer leaf, is found inland ; but instead of being all of 
uniformly superior kind, the prime will form only J or I even of the whole, the remainder being 
coarse and rank. Sunshine is eminently beneficial, if not essential. The coast grass is preferred 
by paper-makers ; while the longer growth from the interior is sought after for making sieves, 
baskets, &c. A southern aspect produces the finest fibre. 

SoiL — The plant prefers calcareous or chalky soils, sands, and stony land ; on clay, it never 
thrives. Neither depth nor richness of soil is necessary : it flourishes on arid, sterile spots, even in 
the Sahara itself, where no other plant exists. It is never grown on land which is capable of 
producing other crops, and it is not certain that the fibre would be improved or increased by 
good soil. 

Propagation. — This may be effected in either of three ways — (a) sowing, (6) transplanting, and 
(a) burning down the atochas or annual flower-stems. 

(a) The seed-collecting time varies with the altitude and exposure: on coast-lands, the seed 
will be ready by June ; further inland, in July ; on the highest interior lands, August or later. If 
gathered prematurely, the seed is useless; if the right moment be missed, tho seed will have fallen. 
The surest test of maturity is a roughness to the touch when the fingers are lightly passed over the 
ear. Tho ears are then cut and sun-dried, and the seed is extracted by hand, or by pasJng the 
ears between wooden seeding-rollers. If stored thoroughly dry, and kept so, vitality is retained 
for years. In September, the ground is prepared by light ploughing, or harrowing. Sowing is 
best performed in Ootober-November. when rain may be reckoned upon. The seed is scattered 
broadcast. It needs but little covering of soil : generally it will sutBce to turn cattle on the 
land immediately after sowing ; but when cold is anticipated, bush-harrows and rollers may bo 
used. In the 2nd year, the atocha will appear, and will develop till the 10-15th year, wiien it 
should be productive. The quality of the fibre then yielded does not repay cost of gathering ; 
but leaving it causes the atocha to rot, while regular pulling from the first conduces to the 
health and strength of the plant. After 4-5 years, the clusters of atoohas are thinned ; and again 
in the 8th-9th year. This operation may be entrusted to women and children. 

(h) To transplant an atocha, it is taken up entire, without separation of, or injury to, the roots. 
It is then divided into 4 or more portions, which are planted out in holes, measuring 8 in. each 
way, and 2 ft. apart. The holes are then filled in, and well trodden down, to exclude the air. 
The best time for transplanting is early autumn ; after the frost has set in, it is very risky. It may 
be done in the spring, after suflieient rainfall. In the autumn planting, the beds are opened early 
in September, so as to be ready for the first showers. 

(c) The old atochas are fired after the esparto has been gathered ; they will then send out new 
shoots, which will have all the vitality and fruitfulness of the old ones. After the first 2-3 years, 
the leaves are collected annually, to prevent the decay of Ou^calices ; and, after tl>o 5th-6th year, 
are economically valuable. By this method, the growth of the plant is stimulated, and the ground 
is cleaned and benefited. Such plants are quite equal to those raised from seed. 

Each of these niethoclB is advantageous under certain circumstances. Sowing is attended by the 
drawback that, on the*average, 12 years aijg teqnired before the plant atfi rds any retur#, and there 

• 3 R 2 
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is great danger from frost during the early years of growth. Transplanted plants are productive in 
6-8 years, and are more proof against cold ; but the process is very costly, and often impossible 
from lack of labour. On the whole, sowing is preferable to transplanting, except in exposed 
situations. On new lands, choice lies between these two plans; but on old lands, burning is 
superior to either, affording a full crop of good quality in the 5th-6th year. All f|hat is necessary 
is to confine the burning within the prescribed limits, which is easily effected, as it proceeds very 
slowly. The land should be divided into as many proportions as there are years in the life of 
an atocha, say 50-60. Commencing with the worst, one such portion should be burned each 
year, thus leaving always about ^ of the land unproductive, and undergoing renewal. Quad- 
rangular plots, 3 times as long as wide, and 10-100 acres in area, with lanes between, would be 
most convenient for arranging the rotation. The advantages of properly conducted burning are so 
great as to place that method unquestionably foremost in all cases where it is possible, at the same 
time, sowing and transplanting may be resorted to for the purpose of filling up the vacancies so 
common and numerous between the clumps. 

Harvesting. — The gathering of the crop should never commence earlier than July ; the general 
harvest is not organized till August, from which date it may proceed safely till the end of October, 
according to the amount of labour available. The harvest period is determined by the maturity of 
the leaves, which, in that state, are removed by a steady pull, from the atocha, which is left 
uninjured in the ground, ready to send up new shoots in the following Hovember-December. The 
dislodgment of the leaves is performed in several ways. According to one plan, a short drum- 
stick called arancadera, or cogedera, is used. The tops of the leaves are taken in the right hand, and 
twisted round the pointed end of the drnm-stick, when a sudden upward and sideward pull tears the 
leaves from the atocha, leaving them collected in the left hand. By another method, the drum- 
stick is replaced by a flat atrip of leather ; and in a third plan, use is made of the band alone, 
protected by a leather covering. As soon as the left hand is full, the bundle is secured, by turning 
one or two of its own leaves round it, and is laid on the ground to dry. Two of these bundles make 
a manada, 10-12 manadas make a hace, and 3 of the latter make a oirga or donkey-load, which, when 
dry, weighs about 8 arrobas (2^ cwt.), and is the recognized standard of measure by which esparto 
is bought in the interior of Spain. Harvesting can proceed only in fine weather ; wet not only 
softens the ground, and allows the root of the plant to be torn up, but also causes the leaves to 
adhere most tenaciously to the stem — the crop is thus greatly reduced in value, and the plants 
are destroyed. TVhere the plants have been ill-treated, and are consequently of very irregular 
growth, it will be beneficial to have two harvests annually, for a year or two, taking the mature 
leaves in August, then, in the following February-March, those which have matured in the 
meantime. Judicious pulling is above all things necessary, in order to maintain an esparto 
plantation. 

Produce. — It is said that 10 tons of dry esparto may, under favourable conditions, be obtained 
from 1 acre of land. 

Chief Localities of Production. — In Spain, the plant is found growing wild in the provinces of 
Guadalajara, Toledo, Ciudad Heal, Albacete, Cordova, Jaen, Granada, Almeria, Murcia, Alicante, 
Valentia, Baleares ; the largest quantities occur in Almeria and Murcia. It is remarkable that 
Italy is almost entirely destitute of it. Spain was, for a long time, alone in supplying our markets 
with this grass ; but the increasing demand caused such recklessness in cultivating and harvesting, 
that the plant has been killed out in many places, and the supplies from Spain are now small as 
compared with those from N. Africa. Foremost among the African esparto-producing countries, is 
Algeria. It is divided into 3 provinces, Algiers, Oran, and Constantine. The N. limit of wild 
esparto in the first province is formed by a line passing through Ain Federel, Ohatonmia, Ain 
Oussera, El Birin, and Toubia ; the S. limit extends beyond Laghouat. The whole comprises an area 
of about 2,500,000 acres, of which at least half is north of Djelfa. Much of it cannot be profitably 
utilized without the construction of railways to transport it to the coast. In Oran, the circles of 
Sebdon and Daia are almost entirely covered with esparto, extending from St. Kelos, north of 
Sebdon, to beyond the Chotts, as far as the mountains of Ksour. The quantity obtainable is almost 
boundless. In the circle of Daia, it covers about 900,000 acres ; in the subdivision of Mascara, 
there is an immense field ; as also in the Bagh Aghalik of Foenda, in the circle of Saida, and 
through the whole country traversed by the strategic route from Daia to Tiaret. Most of this has 
been conceded to the Franco-Algerian Company, who are laying a railway from Saida to Arzew to 
convey the produce. In the subdivision of Setif (in Constantine), the circle of Bon Saada contains 
about 170,000 acres ; the subdivision of Batna, about 250,000 acres ; and in the neighbourhood 
of Tebessa and. Ain Beida, there are qbout 150,000 acriSs. In all these places, trausporr is the one 
difficulty. Large quantities of esparto are produced in Tunis. It is brought in loose bundles 
from a number of places, as Shebbat, Agareb, the hills of Hamamah, Zluas, ShuaKj Gabes Green, 
Zarat, &e. Shipments take place chiefly at Susa, Sfax, and Gerba; also, in' minor quantities’ 
from Bug*rah and Zerzis. Tripoli and Morocco also contribute considerablt quantities. 
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Characters and Uses of the Fibre . — The leaf of esparto presents an appearance altogether different 
from those of the endogens generally, as will be seen by reference to Fig. 687. The fibro-vascnlar 
gronps or bundles / are spread throughout the interior of the leaf, but the intervals, instead of being 
occupied by parenchyma, with large cells and thin walls, are filled with a compact mass of fine solid 
fibres /'. The fibres / are coloured yeUow by test H, whilst /' are coloured blue by the same test ; e, 
external epidermis ; e', internal epidermis ; mag. 100. In Fig. 688, are sections of the fibres : — a, 
section M a group of fibres ; b, fibres seen longitudinally ; c, ends ; mag. 300. The dimensions of 
the fibres are; — 

length : max., f esr. 

O’ 137 in.; min., 

O’ 019 in. ; mean., 

0’058 in.; dia- 
meter: max., 

0 ’ 00072 in. ; min., 

0’00028; in.; 
mean., ; 0’ 00048 
in. The extreme 
fineness of the 
fibres, their uni- 
formity, their ten- 
dency to curl, and 
their transpar- 
ency, resulting 
from the purity 
of the cellulose 
composing them, 
indicate their 
peculiar suita- 
bility for the 
manufacture of 
paper. For this 
purpose, esparto 
may now be said 
to rule the market, 
and any other 
paper material 

would have to bear comparison with it as a standard. Lesser quantities of the fibre are used in the 
manufacture of inferior cordage, sieves, basket-work, &c. 

Exports, Imports, and Value . — The exports from Malaga to the United Kingdom were 16,012 tons 
in 1876; 12,305 tons in 1877; and only 3453 tons in 1878. Carthagena shipped 11,000 tons in 
1876 ; and 10,000 tons in 

1877. Slogador in 1878 ex- ' 

ported 2417 bales (6050 
cwt.), all to the United King- 
dom. The exports fiom Tri- 
poli in 1878 were valued at 
139,9981. ,’ and in 1879, at 
174,9971. The shipments 
from Susa were 7683 tons in 
1875; 8476 tons in 1876; 

7183 tons in 1877 ; and 4674 
tons in 1878. 

The imports into the 
United Kingdom, in 1878, 
were : — From Tripoli and 
Tunis, 60,478 tons, value 
329,4741. ; Algeria, 39,941 ton.s, value 265,5701. ; Spain, 37,892 tons, value 323,0671. ; other 
countries, 2194 tons, value 14,1891. These figures are somewhat exaggerative, as they include other 
vegetable fibres imported for paper-makiag. The approxi|Qate market values aje as follows: — 
Spanish, fine to best, 101. 5s. a ton ; fair to good average, 101. ; Oran, hand-picked, 71. 10s. ; fair to 
good average,Tl. ; Tripoli, hand-picked, 61. 10s. ; fair average, 61. ; Susa, 81. ; Gabes and Sfax, 71. 
Ide and Christie,*of 72, ^Mark Lane, are probably the foremost house in this trade. 

MalacKra c^piiata.— Exogen ; annual or perennial shrub. Probably native of S. America, 
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but now found everywhere within the tropics. It occurs throughout the hotter parts of India, 
from the N.-W. Provinces to the Carnatic, and thrives in Bombay and Bengal. It flourishes without 
any attention in marshy soU. It yields fibre 8-9 ft. long, which is extracted and prepared precisely 
like jute (Corchonts), but requires to be retted directly it is cut. When well cleaned, it has a silvery 
lustre, and is almost as soft as sUk ; with proper cultivation and preparation, it is anticipated that 
it will equal jute. 

Malva sp. div. — Exogen. The fibres of M. rotundifolia, 31. crispn, and 3T.syhesiris arc widely 
utilized ; also of 3f. peruviana in Peru, and M. mauritiana in Italy, Portugal, Spain, &c. 

Manilla hemp . — See Musa textilis. 

Maranta obliqua. — Iturite fibre. — ^Native of British Guiana. The fibre is used by the 
Indians for making their pegalls. , 

Marsdenia tenacissima — Jetee. — Exogen ; small climber. Found wild in the sub-alpine 
regions of Bengal, in the Eajmahl Hills, and in Chittagong ; grows in dry and barren places, and 
might easily be cultivated. The bark of the stems yields a valuable fibre, which is extracted by 
cutting the stems into sections, splitting them, drying them, steeping them in water for about an 
hour, and scraping them clean with the nails or with a stick. The hill-men simply dry the stems, 
and altogether dispense with retting. About 6 lb. of clean fibre is a good day’s work. The fibres 
are fine and silky, and of great strength, a line made of them breaking at 248 lb. dry, and 343 lb. 
wet, as against hemp at 158 lb. and 190 lb. It is used locally for bow-strings, and for netting. 

Mauritia flexuosa — Tibisiri. — Endogen ; palm, 80-100 ft. A native of the Lower 
Amazon, where it completely covers large tracts of tide-flooded land. The epidermis of the leaves 
furnishes a material of which cordage for hammocks, and a variety of other purposes, is manu- 
factured. The central bunch of unopened leaves is cut down, and on shaking, the tender leaflets 
fall apart. Each is then carefully stripped of its outer covering, a thin, ribbon-like, yellowidi skin, 
which shrivels up like a thread. These strips are tied in bundles, and dried, and are afterwards 
rolled and twisted into cords. In fineness, strength, and durability, the fibre is sm-passed by that 
obtained from Astrocarymn vnljare. The fibres are fine, solid, and of very irregular diameter. 
The dimensions of the filaments are : — length : max.. O' 118 in. ; min., 0'039 in. ; mean, 0'058 in.; 
diameter: max.. O' 00064 in. : min.. O' 0004 in.; mean, 0'0004S in. 

Melodinus monogynus [Echaltium piscidium]. — Exogen. Indigenous to Silhet. The 
bark contains a quantity of fibrous matter, which the natives of Silhet use as a substitute for hempi. 

Mexican fibre . — Sec Nidularium karatas. 

Musa sapientum — Edible Banana. — Endogen. This well-known plant is common 
throughout the tropics of both hemispheres, and is very generally cultivated for the sake of its 
fruit. It thrives host on land containing much decayed vegetable matter, but flourishes also in the 
poorest soil, and even near brackish water, and its cultivation is capable of wide extension, with 
very little trouble and expense. It is propagated from suckers, which rapidly attain maturity ; 
some varieties, within 8 months ; others, within the year. Each throws out from its roots and 
around its stem some 6-10 new suckers, which are cut down annually to make room for fresh 
shoots, and may be set out to form new plantations. Ordinarily, this plant is grown exclusively 
for its fruit, and thousands of tons of the fibrous leaves are thrown away as useless, or allowed to 
manure the ground. Prof. Key, of Madras, suggests that by cutting away a portion of the suckers, 
and leaving a portion, supplies of fruit and fibre may be obtained simultaneously. It appears very 
doubtful whether tlft quality of either fruit or fibre can be maintained in this way. On the other 
hand, the fibre has never yet been produced of a quality equal to that of M. textilis, the so-called 
Manilla hemp, and no doubt a great point would be gained, if, while retaining the fruit crop 
as the chief consideration and remuneration, a large quantity of less valuable fibre, suitable for 
paper-making, could be produced at a very low price, say below 10?. a ton. 

A 400-acre experimental farm in British Guiana, planted with suckers at distances of 12 ft. by 
9 ft., produced an average of at least 700 stems an acre annually. For fruit-raising, this distance 
is foxmd to be most suitable ; but for fibre-producing only, the distance should not exceed 8 ft. each 
way, giving at least 1400 stems an acre. The average yield of each plant was 80 lb. of fruit, and 
4 lb. of fibre, only 2J lb. of the latter being clean and good, the remainder dirty, broken, and fit only 
for paper-making. 

Dr. Hunter gives the following method of extracting the fibre:— Soon after the tree has been 
cut down, the upright stems, and central stalks of the leaves, are selected, avoiding any which are 
old, stained, or withered. The diflerent layers are stripped off, and cleaned in the shade if 
possible. Each stalk is laid with its inner surface uppermost on a long flat board, and the pulp is 
scraped off by % blunt iron tool. When the inner sidcnhaving the thicker layer of pulp, is clean, 
the leaf is turned over, and the back is similarly scraped. When a quantity of this partially 
cleansed fibre has been collected, it is washed briskly in abundance of water, and thojjughlv rubbed 
and shaken about, so as to remove the pulp and sap as quickly as possible.' After thorough 
washing, t|e fibre is spread out in very thin layers, or Jiung up in the wind[, to,dry. Exposure to 
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the sun, while damp, engenders a brownish-yellow tint, not easily removed by bleaching. In the 
W. Indies, recourse is sometimes had to retting ; this stains the fibre, and reduces its strength ; 
more often the leaves are put between a pair of crushing cylinders, and are then cleaned by boiling 
in a dilute solution of caustic soda, followed by washing aud drying. 

The fibre bears in every respect a close resemblance to that of M. textilis (see below). The 
mean dimensions of the filament are about O’ 1968 in. in length, and 0’00H2 in. in diameter. In 
Dr. Eojle’s experiments on the strength of the fibre, some prepared at Madras broke at 190 lb., 
other, from Singapore, at 390 lb., and a 12-thread rope at 864 lb. Samples of the fibre exposed for 
2 hours to steam at 2 atmos., then boiled for 3 hours, and again steamed for 4 hours, lost 6 ’74 per 
cent, by weight, white Manilla hemp lost 6’07; phormium, 6’14; hemp, 6-lS-S'44 per cent. 
Slips of sized paper weighing 39 gr., made from this fibre, bore on an average 78 lb., as against 
Bank of England note pulp, 47 iS. ; it is said to make a good paper, and to bear ink without being 
sized. The fibre is fine, white, silky, long, light, and strong; but in most respects is inferior to 
Manilla hemp. As with other fibres, the quality depends in a very great degree upon the modes of 
cultivation and preparation. (See Fruit — B.ananas.) 

M. textilis — Manilla hemp, Abaca. — This is the wild plantain (or banana) whose fruit 
is bitter and non-edible. It is a native of the Philippine Islands, and has been named from the 
chief port of shipment. It is by no means generally distributed iu the group. The proviuces of 
Caman'nes and Albiiy, in the south of Luzon, produce the greatest quantity ; the islands of Samar, 
Leyte', Cebii, and Mindanao, afford smaller contributions, much of that from the last-named island 
being despatched from Cebii. Attempts to grow the plant in the northern aud western districts of 
Luzon have always been unsuccessful, chiefly, it is thought,- by reason of the extreme dryness 
prevailing there for a great part of the year. The plant is said to exist in Borneo and Java. 
Eepeated efforts have been made to introduce the plant into other countries, especially the E. and 
W. Indies, but with very questionable success, and the Philippines still enjoy a monopoly of the 
trade in the fibre. Yet the edible banana grows luxuriously in all the tropics. This remarkable 
difference between the two species is intensified by the fact that M. textilis raquires less rich land 
than its fruit-yielding relative. The question deserves scientific investigation. 

Cultivation of the Plant. — The cultivation of the plant is simple. In Albiiy and Caman'nes, the 
finest growth is obtained on the slopes of the volcanic mountains, in open glades of the forest, where 
shade falls from the neighbouring trees. On exposed level land, the plants do not thrive so well ; 
and in marshy ground, not at all. The necessary conditions seem to be shade aud abundant 
moisture, with good drainage. Too rich a soil tends to produce luxuriant leaves with a diminution 
of fibre. In laying out a new plantation, use is generally made of the young shoots, which very 
quickly throw up suckers from the roots. In f.ivourable situations, 10 ft. is the usual distance 
between the plants; in poor soil, 6 ft. During the first season, weeds aud undergrowth must be 
kept down ; afterwards, the vitality of the plants serves to exterminate other growths. The forest 
shade also is no longer necessary, the leaves protecting the buds from the sun. In exceptional 
instances, the plants are raised from seed. The ripe (but not over-ripe) fiuit is cut off, and dried. 
Two days before sowing, the kernels are removed, aud steeped in water over-night. Next day they 
are dried in a shady place; and, on the following day, are sown in holes 1 in. deep in fresh, 
unbroken, and well-shaded forest land, allowing 6 in. between the plants and between the rows. 
After a year, the seedlings, then about 2 ft. high, are planted out, aud tended in the same way as 
suckers, care being taken to keep the sod heaped up around the stem. The plants raised fium 
suckers require 4 years before producing fibre of any value; those raised from year-old seedlings 
need at least 2 years. At the first crop, only one leaf-stalk is cut from each plant ; but subse- 
quently, the growth is so rapid that the operation may be repeated every 2 months. A plantation 
of mature shrubs wdl yield about 30 cwt. of fibre an acre annually. The fibre is in best condition 
just before the flowering time, but this period is not always waited for in taking the crop, in which 
case, the fibres are shorter and finer. The idant is severed near its roots, and the ieaves are cut off 
just below their exijanoion. The petioles of the leaves are the fibrous portions sought for, and 
exist in layers : the outer is harder and stronger, and furnishes the 6 imlt'dit fibre, fit fur cordage ; 
the inner is fine, and yields the hij.is fibre, used for most delicate textiles; the intermediate layers 
afford fibres of varying degrees of fineness, useil for coarser textdes. Immediately the plant is cut 
down, the fibre must be extracted, otherwise the latter assumes a reddish tint, and becomes of less 
commercial value. 

E.vtraction and Prepaeation of the Fdjre. — The leaf-stalks of the cut plant are divideil into strips, 
3-4 iu. wide, aud 5-10 ft. long. These strips are suWivided, and are then subjected to a sci aping 
process. The scraping is effected by dr;yviiig the sti-ip)s by baud under a knife, 6 in. long by 3 in. 
broad, fastened to one end of a flexible stick, susjieuded* perjiendicularly over *a smooth wooden 
block, and c." 4 iable of having its pressure adjusted by means of a treadle. Tlie strips are placed 
midway between the bjpek and the knife, and are drawn each way. This operation^is repeated 2-3 
times, when the whoje of the watery and pulpy portion of the plant is removed, leav^g the cleau 
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fibres. One man at the knife, and one cutting down and transporting the plants, and cutting the 
strips, may together clean ahont 25 lb. of fibre in a day, though this is above the average. A full- 
sized tree may afford 1-lJ or even 2 lb. of fibre, but many yield only a few ounces ; the average 
would not equal 1 lb. a tree ; perhaps about 3200 trees may be reckoned to produce 1 ton. 

Numerous attempts have been made to substitute machinery for the laborious and expensive 
manual operation above described ; but as yet, no machine has been found efBcierfi, at least none 
has been able to establish itself in the Philippines, though it seems strange that none of the slapping- 
machines used for dressing Agme sp. div., and Amnassa satlva, can be adapted to this plant. 

The cleaned fibre needs only to be hung up in the sun till dry. 

Characters and Uses of the Fibre. — Fig. 689 represents a section of the leaf-stalk of the plant ; e, 
epidermis ; /, fibro-vascular bundles, coloured yellow by test H ; c, centre of the bundles, which 
assumes no colour under * 

the test, and contains 
vessels and tissue in 
course of formation ; 
mag. 100. The bundles 
are irregularly arranged, 
and the fibres composing 
them are closely packed. 

The fibres are shown in 
Fig. 690 ; a, section of a 
bundle of fibres ; b, fibres 
seen longitudinally ; c, 
ends : mag. 300. The 
fibres are always colour- 
ed distinctly yeUow by 
test F. The filaments are 
white, lustrous, very light, 
and remarkably strong. 

After washing, the btm- 
dles are easily separated 
into flexible threads of 
even diameter. The cen- 
tral cavity is large and very apparent, the walls are of uniform thickness, and the ends taper 
gradually and regularly. The dimensions of the filaments are:-length • max 0-472 in • mL 
0-118. ; mean, 0-236 in. ; diameter: max., 0-00128 in. ; min., 0-00064 in. ; mean, 0-00096Vn. ’’ 

As before noted, the quality of the fibre varies much, according to its position in the stalk The 
edges of the petioles contain the finest fibre, which is called lupis, and is formed into the finest native 
textile fabrics. Above 5 tons 

per annum were once imported jju 

into France, at a cost of 1001. 
a ton, for making special under- 
clothing, but none is received 
now. The I tipis fibre is classified, 
according to its fineness, in the 
following descending scale : 
binanij totogna, sogotan, and cada~ 
clan. The last is no longer used 
for weaving, and is sold with the 
banddla, which is the coarsest 
and strongest fibre, and is the 
only kind exported in an un- 
manufactured state. Only a 
small proportion of this sort is 
used up locally. 

Manilla hemp is imported 
into Europe, America, and other 

countries, almost exclusively for rope-making, for which purpose, its combined lightness and 
strength have procured for it a pre-eminent position, and enabled it to rule the market value of 
aU fibres applicable to a similar end. -Some samples of* the fibre exposed for 2 hours to steam at 
2 atmos., then boiled for 3 hours, and again steamed for 4 hours, lost 6-07 percent of their 
weight, while phormium lost 6-14; hemp, 6-18-8-44; and coir, 8-13 per cent. Worn^ut mpe 
affords excellent paper-stock. As minor applications of the substance, it m^y be mentioned that 
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imitation iorse-hair goods aie produced from it, according to the process of H. B. Ungethum, of 
Lorintz, Schneeherg, Saxony, by dyeing with logwood and copperas, and imparting brilliancy by 
mechanical means. Bough and short fibre is used in brushes, as a snbstitute for bristles. The 
coarsest fibres, carbonized, are said to be used as carbon rods for electric lighting. 

Exports and Value. — In 1873, the cultivation occupied 200,000-250,000 acres. It is nearly 
stationary, in sfite of an increasing demand, the production being limited by the amount of labour 
availabjp, and by the increasing attractions of sugar-growing. The exports from Manilla, in 1878, 
were 334,945 bales, value 703,385i. Of this quantity, 172,378 bales went to Great Britain, and 
19,317 to British colonies, or altogether nearly x of the whole. In the same year, Cebu shipped 
124,650 pieuls (of 139J lb.) ; in future, most of the Leyte hemp is likely to leave this port, instead 
of Manilla. Yloilo, in 1878, received 2400 piauls from other parts of the Archipelago, and shipped 
the whole to the United States." The distribution of the exports in 1871, was as follows : — N. 
America, Atlantic ports, 285,112p!C«fe ; Great Britain, 143,498; California, 22,500 ; Australia, 6716 ; 
Singapore, 2992 ; China, 2294 ; Europe, 640. The local consumption cannot be ascertained ; it 
must be very large, as this fibre principally composes the textile fabrics worn by the whole population 
of the Philippines. Our imports of it in 1878 were 425,866 cwt., value 553,577/. ; in 1879, 
340,765 cwt,, value 439,108/. It arrives in bales, measuring 3 ft. 3 in., by 1 ft. 8 in., by 1 ft. 8 in., 
and weighing about 2J cwt. They are carefully covered with matting made from the leaves of the 
plant. The value of the fibre in the London market is approximately as follows : — ordinary, 
20/. 10S.-39/. a ton ; good and fine white, 30/.-66/. a ton. 

There are many other varieties of banana or plantain which deserve examination as to their 
fibre-yielding properties. Among these may be mentioned M. ensete, M. Banksii, M. Cavendishi, 
M. Basjoo (in Japan) M. violacea (in Angola), M. discolor, M. rosacea, H. ornata, M. troglodytarum. 

Hetties. — See Boehmeria sp. div., Laportea pustulata, TJrtica sp. div. 

Hew Zealand Flax [Hemp]. — See Phormium tenax. 

Hidularium [Bromelia] karatas — Mexican fibre, Silk-grass (Mex., Ixtle; Cen. 
Amu r., Pita piilueUa). — Endogen. This plant grows wild abundantly in the W. Indies, British 
Guiana, Honduras, Central America, and Mexico; there are supposed to be several species or 
varieties, but much confusion surrounds the supposition. The plants are of a most prolific nature, 
growing spontaneously in almost all kinds of soil and climate. Cultivation in its native land is 
therefore extremely simple, and it is surprising that the plant has not received more attention from 
planters in America and our Colonies. The Indians cultivate the plant to some extent in Mexico, 
1221 gardens being recorded in 1830. They generally select forest for this purpose, removing the 
undergrowth by cutting and burning. The roots of old plants are then set out at 5-6 ft. apart, 
and, at the end of a year, yield leaves fit for cutting. The leaves vary in size from 6 to 8 ft. long, 
and from 1§ to 4 in. wide, and are thin in proportion. In a wild state, the leaves are edged with 
thorns, but these are diminished in size and number by cultivation. The fibre contained in the 
leaves varies in quality, according to age ; in young leaves, the fibre is fine and white ; with in- 
creasing age, it b^omes longer and coarser. The native implements for extracting the fibre are ex- 
ceedingly rude — a flat board, and a heavy iron knife. No special machine seems to have been invented 
for the preparation of this fibre ; but its close resemblance to the fibres of the agaves, and that of 
the edible pine-apple (see Ananassa sativa}, would indicate the applicability of the same apparatus. 

After the first crop, the leaves grow again ; but the fibre subsequently produced is short, and of 
bad colour. Locally, the fibre is used for bow-strings, nets, fishing-lines, ropes, mats, sacking, and 
clothing. After being passed over the comb or hackles of a flax mill, it has been pronounced 
greatly superior to Bussian flax, and equal to the best Belgian, for application to the finest textile 
fabrics. Fibre which was useless for spinning or rope-making would probably yield very superior 
paper-stock. It is very likely that this fibre contributes in no small degree to the large shipments 
of so-called “Mexican fibre,” now extensively used in lieu of bristles for brush-making, and 
valued at 45/.-55/. (and even 160/.) a ton. 

The above remarks are endorsed by the best botanical authorities ; on the other hand, Arthur 
Bobottom, of Mincing Lane, who, though not a botanist, has seen the plants growing, and whose 
knowledge of fibres is acknowledged, states that the leaves do not exceed 2 ft. in length, and that 
the plant is confined to Mexico, being gathered in quantity only in Zacatingas, Tula, and Plan de 
Amava. He adds that machinery has been introduced for separating the fibre from the leaves, but 
that it destroys that rigidity which gives the fibre its value for brush-making. 

Hipa fruticans. — Endogen. A native of the Eastern Archipelago, extending northwards to 
the Mergui Eiver, where it is found in perfection, but becoming very rare about Moulmain. It 
flourishes in brackish water, and where its lower part is inundated at high tide. In the Tenasserim 
Provinces, the leaves are extensively useS for thatching bouses, for cigarette-mating, and for mat- 
making. T)^ abundant fibre is not extracted for economic purposes. J. Fisher, of Singapore and 
43, Mincing Laae, believes that the stems, weighing some 50 lb. each, would make excellent paper- 
stuff. The local prijfusion of the plant makes it worthy of attention. 
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Ocliroiaa Lagopus — Corkwood Cotton. — Native of W. Indies. The down of its seed- 
capsuies is fine, soft, and elastic ; it is used for upholstery purposes, and has been employed in 
hat-making. 

Ocymum pilosum [basilicnm]. — Exogen. Common all over N. India, and grown almost 
everywhere in Bengal, for its seeds. It is cultivated to a small extent in the western portion of the 
Hooghly district, on account of the strong fibre it yields for rope-making. The rope cAn be used only 
in the dry season, as it rots in the rains. The fibre might be available for paper-stock. » 

fEnocarpns Bacaba. — Endogen ; palm. Native of the W. Indies. This tree yields a fibre 
from the base of the leaf-stalks, much resembling piassava. 

Ortbantbera viminea. — Exogen ; 10 ft. This plant grows luxuriantly along the foot of 
the Himalayas. The fibres of the stem are very tenacious and long, and appear to be well adapted 
for rope-making. 

Pacbyrrhizus angulatus. — Exogen. A native of Central America ; found everywhere 
within the tropics ; proves hardy at Sydney. Kequires a rich soil. Stems yield a tough fibre. 

Pandanus odoratissimus. — Caldera bush, Screw-pine. — Endogen; bushy shrub, 
10-30 ft. This plant is found abundantly in Bengal, Madras, Buima, the Straits Settlements, 
China, and the South Sea Islands. It grows wild in marshy places, and, in the Sunderbuns, is so 
abundant as to form impenetrable thickets on the sides of the creeks. It is somewhat slow of growth. 
The leaves, spathes, and aerial roots abound in good strong fibre. 

P. utilis, the Vacoa, a Madagascar species, has leaves similar to the foregoing ; in Mauritius, 
they are cut every year, after the plant is 3 years old, and are split into ribbons, measuring |-1 in. 
broad at the base, and tapering to a point. These strips are plaited, to form sacks, for the 
transport of sugar, each plant yielding about enough material for two sacks. In 1871, Mauritius 
exported 285,075 such bags, valued at 33947 ; in 1874, the figures were 154,578, 18787 

The leaves are also made into matting, baskets, hats, and thatch, and are used for cordage and other 
purposes in tlie South Sea Islands. The root-fibres are much stronger than those from the leaves, 
and are occasionally used for making cordage, and for admixture with jute in gunny bags. Samples 
of the leaf-fibres, exposed for 2 hours to steam at 2 atmos., then boiled for 3 hours, and again 
steamed for 4 hours, lost 12-21 per cent, by weight, while Manilla hemp lost only 6-07 ; phormium, 
6-14; hemp, 0- 18-8-44. This shows its inferiority to these fibres for rope-making. Both roots 
and leaves would piobably afford excellent paper-stock. 

Other species are P. ednlis, P. candelabrum, P. pedunculahts, P. spiralis. 

Pederia foetida — Bedolee sutta. — Exogen; creeper. A native of Assam; it is abundant 
in the jungles, but the best fibre is obtained from plants growing on tlie alluvial deposits of rivers, 
as on the banks of the Brahmaputra. Another species or variety climbs trees; but its fibre is 
inferior. The plant could doubtless be cultivated ; moreover, tlie supply of wild plants would not 
readily be exhausted, as on the plains, where they thrive best, the grass is burnt clown annually, 
and, during the rains, the roots throw up fresh shoots. The proper time for collecting the plant is 
the cold or dry season ; during the rains, tho fibre comes off dirty and disoolom-ed. The stem is 
divided into sections, a joint occurring at every 12-24 in. The cut stems, wliile still green, are, 
divided at tho joints, and the fibre is removed in the following way : — Tlie operator takes each 
section in both hands, and twists it as much as possible, to disengage the fibres, havin'^ first care 
fully stripped off all the bark of the stem. He then disengages at one end enough of the fibre to 
take hold of, and gradually strips it entirely away. The process would be too slow, laborious, and 
costly for commercial purposes. Machinery has not yet been applied to it. Probably a pa'ir of 
crushing rollers, and a simple scutching apparatus, would suffice. The fibre is possessed of great 
strength and flexihUity, and has a silk-like appearance; it seems to be adapted to the finest textile 
purposes, in spite of its shortness, as governed by the length of the sections. Samples of the fibre, 
exposed for 2 hours to steam at 2 atmos., then boiled for 3 hours, and again steamed for 4 hours, lost 
only 4-20 per cent, by weight, tlius showing its durability. 

Phoenix dactyUfera-Date palm.— Endogen. The leaves of this palm (See Fruit- 
Dates) are made into mats and baskets, and the fibre contained in the peduncle of the leaves is used 
for cordage. Tlie filaments are of a clear-yellow colour, gross, irregular, stiff, and bi'ittle. The 
fibre might probably be utilized for paper-making. 

Phormi-um tenax-Ne-w Zealand flax.- Endogen ; leaves 3-10 ft. This plant is a 
native of New Zealand, occurring as far south as lat. 46° 30' S., also in Chatham’s Islands and 
Norfolk Island, but not m Lord Howe’s Island. It would probably thrive and become naturalized 
in the Auckland and Campbell s group, m Kerguelen’s Land, and the Falklands. La.-e Quantities 
of it are found m the malice scrub of the Lachlan Plains in S. Australia, the leaves beiu» 3-4 ft 
long, and 1-2 in. Ip-oad ; it doubtless oec^s in many otheb parts of the Australian continent In 
the Azores bt. He ena A giers and S France, rt has been easily naturalized, and thrives well 
In the Scilly Islands, it is largely planted to resist encroachments of the sea Dr T ’ut 
most successfully cultivate.1 the plant in North Eonaldshay, Orkney, and slr^gly'recommLsfl 
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to be grown on waste lands bordering the sea, raising the plants from seed in a hotbed, and trans- 
planting when 6 in. high ; about 8 years are required for the plants to attain maturity in such a 
position, but they render a double service. It has been proposed to introduce the plant in the 
Mississippi Valley, and other continental localities, but it prefers insular positions and coast lands. 
It might be brought under culture on inferior waste land, sea-beaches, and rocky declivities, not 
only in Australia, but in aU climates where the winters are not too severe for it. In the south of 
New Zialand, it is never found far from the sea, nor at a great elevation; in the Northern Island, 
also, it is most abundant and best grown near the coast, but is also found abundantly in the interior 
up to 2000 ft. 

It is essential to recognize the existence of several distinct kinds of the plant — whether species 
or mere varieties has not been decided, — as the fibre produced by them exhibits considerable 
differences. The chief sorts are : — (1) ‘‘ Common Swamp ” or Barakeke ; grows almost everywhere, 
but attains its largest size (14-15 ft.) in rich alluvial soil, on river banks; its leaves are coarse, and 
afford a large yield of coarse fibre. (2) “ Yellow Hill ” or Paretaniwha : grows generally on clay 
hills, and is seldom more than 5-6 ft. high ; its fibre is very good— soft and glossy, yet strong. 
(3) Tihore : grows in rich alluvial land which is dry, never in swampy places, and is rarely more 
than 6 ft. high ; its fibre resembles No. 2, which is often mistaken for it ; it seems to occur only 
where planted. The kinds growing on high and dry lands, though smaller, afford a much finer 
fibre, and are far more easily stripped, than the swamp-frequenting plants. The other species or 
varieties are so inferior in fibre-yielding qualities as not to be worth cultivation. 

Cultivation of the Plant. — The chief climatic conditions having been referred to above, the culti- 
vation may be discussed under the following heads ; — 

Soil. — The plant will grow in almost any soil, but the quality of the fibre depends almost entirely 
upon the degree in which the soil is favourable. The plant luxuriates in rich, moist, well-drained 
ground, and reaches its greatest size on the banks of running streams, where the roots are abundantly 
nourished by water that never stagnates around them. A rich, dry, but not deep, clay soO, with a 
yellow clay subsoil, favoured with plenty of light and air, but sheltered from the wind, is very 
suitable. Heavy crops alto are raised on high-lying volcanic soil ; and well-drained swamps give 
large returns. Stagnant marshes are prejudicial, but when drained and sweetened, without being 
made too dry, the plant assumes a vigorous growth. Most of the so-called “ flax-swamps ” have 
merely a margin of phormium plants around the edge. 

Drainage and Tillage. — Where drainage is necessary, it should be effected by open trenches, dug 
BufSciently deep to keep the water about 12 in. below the siurface. If the land becomes very dry 
in summer, the drains may be temporarily stopped, so as to irrigate the sod, for though the plant 
will not tolerate stagnant water, nothing conduces more to its rapid growth than occasional inun- 
dation. Eeclaimed swamp should be ploughed as soon as it is dry enough, and be allowed tp Im 
during the summer, or till March (in New Zealand), when it should be again ploughed, am 
immediately planted. Alluvial soil also should be ploughed in winter or spring, and left to dry 
till autumn, then be again ploughed, and planted, say in Mareh-April, or when the autumn rains 
fall, the earlier the better, as the plants make root during the winter, and are ready for vigorous 
growth by the spring. 

Planting. — Experiments in raising plants from seed prove that the rate of growth of the plant 
in its earlier stages is exceedingly slow, and that the seedlings do not inherit the characteristics of 
the plants whence the seed was derived. Consequently the only certain method of maintaining 
varieties, and the most rapid plan of commencing a plantation, is by subdivision of the root. 
Planting is done in rows. The distance generally recommended is 6 ft. between the rows and 
between the plants ; but a more suitable space probably would be 4 ft. between the rows, and 3 ft. 
between the plants, as the plants would then afford each other shelter, and the drawing up of the 
leaves would produce finer fibre. Much economy of soil is thus effected, and the extra impoverish- 
ment of the land may be prevented by manuring. Another plan is to place 10-12 rows in close 
proximity, and then to have a road space of 10-12 ft., to facilitate gathering the leaves. An acre 
set out at 6 ft. each way will contain about 1000 plants ; at 4 ft. by 3 ft., about i more plants 
will be needed. 

One phormium bush will afford 20-50 roots suitable for transplanting. The number of roots 
planted together varies from 1 to 8. When planting wide, 2-3 roots may be placetl in a spot ; but 
if close planting be adopted, one root alone will suffice. Care must be taken to avoid planting 
roots which have thrown up a seed-stem, or those from the centre of an old plant ; the latter are 
not so productive as young roots, and will manifest a tendency to flower, thereby absorbing more 
nourishment than all the leaves. For tljis reason, the flower-stalks of the plants should be removed 
as early as possible, either by twisting off, or by cutting,*and rubbing the woulid with a little dry 
earth, to prevent “ bleeding.” 

Diseases amd Envies. — Care must be taken to keep cattle from the plantation, or they will 
chew the leaves tUJ only the fibre remains, and, where the leaves have been cropped, will draw out 
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the young leaves to obtain the butts. Fires must also be guarded against. Attention is specially 
directed to a small “ looper ” caterpillar, about 1 in. long, which in some districts of New Zealand 
has been found to attack the nether side of the leaves in early summer, and eat away the fibre in 
patches J-2 in. long and J in. broad, causing an extra proportion of tow to be scutched out during 
the preparation of the fibre. Plants growing in sheltered places are most attacked, as the insect 
cannot so readily attach itself where the leaves are kept in motion by the wind. *' 

Cropping. — Phormium grows in bunches or groups of plants or shoots, each shoot hf.ving 5 
leaves; as 10 shoots on the average are contained in a bunch, each group will have about 50 leaves. 
These last vary in length from 3 to 10 ft., and each consists of a double-bladed leaf, which, when 
closed, is 2-4 in. wide. The plants are not ready for the first cutting till the 5th-8th year, according 
to the favourable character of the conditions under which they are grown. When every leaf is quite 
cut down, the plant will send up 4-6 fnll-sized leaves within the first year. If 2-3 of the centre 
leaves of each fan are left untouched, the cropping may be repeated annually, yielding each time 
4-5 leaves. How long this treatment may be continued is not ascertained : it is probable that the 
plants will be gradually weakened, and will finally die out. It is also likely that plants which are 
cut annually will not send out as many new fans as those left entire. It would appear that after 
13-14 months, the leaves commence to decay, and are then no longer of economic value. The usual 
period for removing the leaves (in New Zealand) is December-January. No appreciable difference 
can be discovered in the quantity or quality of the fibre yielded by leaves of various ages (within 
the two years’ limit). The maturity of the leaf is ascertained by its texture and firmness, or by its 
being split at the point, or by the recurving of the blades from the central midribs. The top of the 
leaf should feel soft to the touch, and droop a little. It is generally conceded that only the outer 
leaves should be cut, and that, in doing so, great care should be taken not to injure the leaves which 
enclose the central shoot. With this view, the knife should be inserted at the leaf enclosing the 
central shoot, and the outside leaves, 2—3 on each side, be cut downwards and slanting outwards. 
No leaf should be cut before arriving at maturity, which it does in 6 months from its first appearance, 
as this weakens the plant, and makes it liable to go to flower. 

Production.— On the best land, an acre may contain 2000 bunches of the plant, or 100,000 leaves. 
These leaves, after cutting off the gummy and useless butts, and drying in the sun, weigh about 
S to tlie lb., so that an acre may give nearly 10 tons of sun-dried leaves. When the outer leaves 
only are taken, the quantity will be reduced to 4 tons. Assuming a yield of 15 per cent, of clean 
fibre upon these 4 tons, the return should be 12 cwt. an acre, to which may bo added about 
8 cwt. of tow. The weigiit of green leaf required to produce 1 ton of fibre is stated by different 
authorities as follows 5i tons, 5i tons, 6 tons, 6J tons, ej tons, 7 tons, 7-8 tons. To obtain 
2000 bunches to the acre, however, the planting must be very close. 

ffi ^traction and Preparation of the F ibre. — Before describing the modem machinery invented for 
TO extraction and preparation of this fibre, a few lines may be devoted to a consideration of the 
native methods, since all our mechanical skill has not been able to obtain a product approaching 
in quality that of the Maories. ° 

Native methods.— (a) In preparing the Swamp variety for fine purposes, the natives select clean 
unspotted leaves of 12-18 months' growth, and, cutting off the upper leaf at about 6 in. below the 
pomt where the two blades adhere, reject the lower leaf, and the coloured edges and keel. The 
fibre is stripped only from that side of the leaf which was innermost when the blades were joined 
the under side is out across, and then with the smooth rounded edge of a mussel-shell the whole 
row of upper fibres is tom away, with the cuticle adhering. The fibre is next scraped with the 
same shell, to remove as much as possible of the cuticle: when 12-20 leaves have been thus treated 
they are thrown into a tub of water, to be kept moist till sufficient is ready to be taken down to a 
stream, where it is washed and scraped repeatedly till quite clean, then hung up to dry and after- 
wards worked in the hand. Thus at most only J the fibre contained in a leaf is utilized • i the 
leaf is discarded, and i the fibre of the other is rejected. umizea . j me 

(6) When dressing fibre for their mats, the natives take more time and trouble • the fibre is 
soaked in water for 4 days, and then beaten with a stone or mallet ; this is frequently repeated for 
4-5 weeks or longer, weakening the fibre, but making it very soft and durable 

( 0 ) The fibre is stripped from the leaves, and then allowed to dry, before the’“ scull” or adhering 
matter, is scraped off; it is not touched with water. The result of this is that the fibre is harsher 
and not so silky, but sufficiently white. This plan is adopted only when water is not at hand ’ 

(<0 The tihore fibre is simply torn out from the leaf, rubbed between the hands to open the 
bundles, and scraped with the nails to remove the tissue. 


Only those mussel^hells witt a straight edge can be use^ for stripping. After 2-3 days, the shell 
becomes too smooth for stripping, and is* then used only for scraping off the scull The fibre is 
striped out much easier when the stalks are dry. The natives select only fully matured leaves, 
which are quite perfect, and show no signs of decay. It is probable that an average day’s work o f 
the native woyen does not exceed 2 lb. of clean fibre. It is evident, therefor, t^t native hand- 
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dressing is out of the question for preparing the fibre on a commercial scale, hence a number ot 
machines have been invented for the purpose. 

Improved Methods. — The methods devised by Colonial and European machinists can be con- 
sidered as improvements solely on the score of increased rapidity of production, the object being to 
turn out a large quantity of fibre fit for rope-making, whereas the native-dressed fibre is applicable 
to fine textiles. 

Thewnachines chiefly used are of three kinds, known respectively as Fraser’s, Price’s, and Gibbons’. 
They are identical in principle, and vary only in the matter of detail. The leaf is held between 
horizontal feed-rollers, revolving at a certain speed ; as it passes out in a crushed state from them, 
a drum, armed with beaters on its circumference, and revolving more rapidly than the feed-rollers, 
strips the epidermis and vegetable tissue away from the fibre, means being provided for adjusting 
the drum to a proper distance from a roller, bar, or other contrivance, against which the leaf is 
stripped, so that neither may the leaf pass through uncrushed, nor the fibres be cut. Vulcanized 
indiarubber cusliions, or steel springs, are placed over the journals of the upper feed-roller, so as to 
accommodate the varying thickness of the leaves. The quality of fibre produced much depends 
upon the shape and speed of the beaters, but more upon the ease and accuracy with which the 
machine can be kept adjusted. The proportion of leaf left undressed is governed by the firmness 
with which the feed-rollers grip the thin end of the leaf, and the distance between the point where 
crushing takes place and that where the leaf is held. 

Gibbons’ machine is illustrated in plan in Fig. 691 ; sections of the working parts are shown 
in Figs. 692 and 693. The beating-drum A is provided with angular beaters a, so arranged as 
to allow one edge 
of the leaf (by 
preference, the 
thin one) to be 
constantly acted 
upon, before the 
thick edge comes 
into contact with 
the beaters: this 
is accomplished 
by inclining the 
beaters in one 
direction to the 
axis of the drum, 
but all running 
parallel, which 
allows them to be 
placed nearer to- 
gether. The beat- 
ing-block or anvil 
B, by which the 
stripping is 
effected, consists 
of a round iron 
bar, with four- 
sided ends, which 
can be shifted so 
as to expose four 
different surfaces 
to the beaters as 
each is worn out; 

it is then rejected, and a new one is put in. The bar may be turned round while the machine is 
in motion, and is adjusted by pinching-screws. The feed-rollers C are deeply and sharply fluted, 
and hold the leaf firmly to the tip. 

Fraser’s machine presents the following differences in points of detail: — (1) The beating-block is 
replaced by a thick plate, rounded at the end, which is slippjed under the feed-rollers ; the back of 
the plate has a flange, which is pressed forward by two screws against indiarubber, which pushes 
the plate back when the screws are loosened. The adjustment is easily made by the feeder. (2) 
The worn-out plate can be withdrawn, and another subsRtuted, in a few seconds, without stopping 
the machin* ; and the old plate can be re-ground. 

Price’s machine differs in the following respects : — (1) The stripping is done between the beaters 
and the lower ^ed, roller, which is a cast-iron, smooth, hollow cylinder ; being 3 in. in diameter, and 
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oonstantly revolving, it presents a greater change of snrface to the heaters, and thus lasts much 
longer, hut when worn down, the machine has to be stopped, and taken to pieces, while the old 
cylinder is withdrawn, and a new one substituted. The old one can be re-ground. (2) The pro- 
portion of undressed leaf is reduced to a minimum, by the beating on the lower roller J but the 
smoothness of the latter sometimes permits the thin end of the leaf to be pulled through by the 
beaters. 

693 . 



There is no appreciable difference in the practical value of the three machines as far as the 
quality of the fibre produced is concerned. The number of green leaves passed through in a given 
time depends on the diameter and velocity of the feed-rollers, on the size and shape of the leaves 
taken in, on the liability to stoppage by fibre getting round the shafts, and on the ease with which 
the machine may be cleaned when choked. The first condition is about the same in all : 30-35 leaves 
a minute is quite as much as the out-taker can manage, without entangling or losing a large part of 
them, and it is in this direction that improvement may be directed. Feeding at the rate of 2J ft. a 
second, will pass through 33 average sized leaves a minute, or 5 cwt. an hour. Gibbons’ and Fraser’s 
machines have an advantage over Price’s, in admitting leaves with large butts, cut square at the end. 

An improved arrangement is that known as White’s, which consists of several different 
machines. The first machine is for breaking and stripping the leaves : a general view of it is 
given in Fig. 691; plan, in Fig. 695; and longitudinal section, in Fig. 696. The loaves are 



introduced through an iron feeding-mouth, 3 in. | _ | ( j 11^1 

broad, and J in. deep, which leads close to a pair of \ | ' | | 

horizontal fiuted feed-rollers 0, about 6 in. long. { 

These work into each other, so that the leaf is } 

thoroughly crushed before it reaches the hori- ^ J ' l ‘ — ~ 

zontal stripping-drums E, about 6 in. long, and * I 

placed immediately behind the feed-rollers. After ■ t j ^ ■ v ^ . i ^ J 

being turned, these drums are provided with 
grooves on the surface, about ^ in. deep, and at an 

angle of 35° to the length of the drums. These ) 

revolve outwards from the feed-rollers, at the rate Q””"* 

of about 2200 a minute, or about 8 times the speed 

of the feed-rollers ; they have a slow reciprocating action, and strip both sides of the leaf at once. 
The necessary gearing is fixed on the shafts of the drums, and springs are provided, so as to accom- 
modate thick and thin leaves. When the ribs are worn down, the grooves may be re-cut. 

After leaving this machine, the leaves' are passed through one consisting of a pair of plain feed- 
rollers, and a pair of circular revolving brushes, the latter being arranged as shown jp Fig. 697. 
These brush off aU the fleshy matter which the stripping-drums have brought to the surface, and 
nass out the fibre in a clean state. 

€ c ' r 
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The fibre is then passed into the ‘‘ finishing ’’-machine, entering first between a pair of plain feed- 
rollers, and then between a pair of smooth rollers having a rapid reciprocating action, which divides 
the fibre into very fine filaments, and makes it particularly soft. The two latter machines can keep 
four of the first in constant work. The fibre is then soaked in water for some time, and finally dried 
and baled. The rate of feed is 200 ft. of green leaf a minute, and the fibre produced is much superior 
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to that from the other machines. The different machines 
may be combined in one, as shown in Fig. 698 : a, feed- 
rollers ; b, strippers ; c, revolving brushes ; d, delivery- 
rollers ; e, finishing- and drying-rollers ; f, wringing- 
rollers ; g, friction-rollers, for the travelling delivery-band h. 

The many other machines for operating upon the leaf in its natural state may be classified as 
follows (/i) By percussion on elastic surface ; Booth’s (Vew Zealand patents. No. 67), Nodding’s 
(N. Z. pat., No. 71), Pownall’s (N. Z. pat.. No. 62). (!i) By percussion on non-elastic surface : 

Purchas and Ninnis’ (N. Z. pat.. No. 1), Scherrs (N. Z. pat.. No. 43), Howland’s, (c) By combing 
on elastic metallic surface : Trent’s (N. Z. pat. No. 60), Cox’s (N. Z. pat.. No. 38). (d) By scraping 
on elastic metallic surface : Pownall’s (N. Z. pat., Sep. 1870). ° 
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Thorough washing of the fibre immediately after leaving the stripper much improves the quality. 
Long soaking is not suitable ; therefore, in order efiectuaUy to remove the adherent matter, 
mechanical force must be added, to shorten the duration of the washing. When water can be applied 
abundantly and with some force, the fibre is best washed in a strong jet with slight percussion, and 
in no case may the percussion be carried to such a point as to break up the fibre. Handling and 
bruising the liberated fibre except under water, should be avoided till all vegetable tissue has been 
removed. When the washing is complete, rolling may be used, to save time in drying, and to con- 
solidate and define the fibrous bundles. Ordinarily the stripping-machine leaves much adherent 
tissue, which can only be removed by washing, a process that tends to entangle the bundles, and 
deprive them of the clean defined form so essential for rope-making. Washing is performed in two 
ways, known respectively as “cold-water” dressing, and“ warm-water” dressing. In the former, 
bundles of about 20 leaves are suspended in cold water, and allowed to soak for 2 hours ; in the 
latter, the fibre is washed, and then left to steep for 6-24 hours in tanks of warm water, kept at an 
even temperature of, say 32° (90° F.) by means of steam or fire-heat. 

The greater part of the tissue, and the whole of the gum, mucilage, and bilter principle, having 
been removed by the stripping and washing processes, the next step is to destroy the green colour 
in those parts of the tissue still adhering to the fibre. This is effected by the operation of bleaching. 
If the fibre, on leaving the water, be dried at once, without exposure to the sun, it will dry green ; 
this colour will survive for a long while, but can be removed at any time, by simple wetting and 
exposure to the sun. Usually, the operation is performed at once. In summer, the fibre is spread 
thinly on clean grass for 4-5 days, then turned over, and left for 2-3 days longer ; when dry, it is 
taken into store. In winter, it is left on the grass for 2-® weeks, and is then finished by hanging 
on wires or jples, exposed to sun, wind, and rain. After about 5 weeks’ exposure, it begins to lose 
strength, and, Jf bacjjy dressed, will commence to deteriorate much earlier. Each row of wires 
should consist of 3, arranged in a triangle, so as to keep the fibre open, and admit the air. The 

* • 
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rows shoTild be 10-12 ft apart, so as to admit carts. About 1 ton of fibre will occupy 1 mile of 
wires, so that in winter a mill would require lJ-2 miles of them, covering 2-2J acres of ground. 
About 15 acres of bleaching ground would also be necessary for a mill running 3-4 machines ; and 
storage room for 15-20 tons, or about 12,000 cub. ft. 

The next operation is scutching, which is intended to straighten out and clean the fibre 
thoroughly from the pieces of dry tissue still remaining on it, and from the dust and dirt picked up 
during the drying and bleaching. Seutching has been described at length when speakingi of flax 
(Aireiim usitatissimum) — see p. 973 ; but the great length of the phormium fibre makes it much more 
difiSoult to scutch than flax. The process would be facilitated by cutting the hanks in two, so as to 
have lengths of 4-5 ft. A perfect scutching-machine has yet to be invented. The loss of fibre in 
scutching commonly amounts to 3-5 cwt. a ton. 

The difficulty of effectually cleansing the fibre by purely mechanical means — ^beating and 
washing in water — has led to experiments in other directions. The principal methods which have 
assumed a practical form are the following : — 

McMUlan’s : three distinct ways are adopted for removing the extractive matters — (1) Boiling 
with cow-dung for 2-3 hours, and then washing in cold water ; (2) boiling with small proportion of 
common salt for 1 hour, and washing ; (3) boiling in sea-water for 1 hour, and washing. The 
fibre is of equal quality from each process, but is of better colour in (2) and (3) than in (1). 

Joumeaux’s: the crushed leaves are softened by a water-bath at 88° (190° F); then passed 
between pressure-rollers to remove refuse matter ; then subjected to vinoTjs fermentation in a water- 
bath at 32° (90° F.) : finally squeezed, washed, and dried. 

Thorne’s : the leaves are crushed, and washed in cold water ; then subjected to a bath of boiling 
water, in which animal matter has been digested. 

Nattrass’s : the leaves are boiled in a solution of prussiate of potash, before the fibre is extracted. 

A more generally useful improvement is the application of a small quantity of oil to the fibre, 
adding to its appearance, and reducing its liability to undergo further maceration in water. The 
best time to apply the oil is at the end of the scutching ; the fibres might be lightly coated with oil 
while passing through a second scutcher for the purpose. Animal oils may be used, but a propor- 
tion of mineral oU would perhaps be better. Fibre intended for export should not be oiled. Tarring 
is not advisable. 


Baling.— A. uniform size of bale similar to that of Manilla {Musa textilis)—3 ft. 3 in., by 1 ft. 8 In., 
by 1 ft. 8 in., is most suitable. The bales should be well covered, and not bound with iron lashings'. 

Characters and Uses of the Fibre.— A section of the leaf of the phormium plant, taken in the thin 
part, is shown in Fig. 699 : e, epidermis ; p, coarse parenchyma ; p', parenchyma filled with grains of 
chlorophyl ; /, flbro-vascular bundles, coloured very slightly yellow by test H ; mag. 100. 

The fibres are nearly white, soft, supple, and of silky lustre ; the bundles are of irregular size, 
separate with difficulty, and are very elastic and light. Their breaking strain, when the force is 
gradually applied, is high, viz. 

23 ■ 7, as compared with flax 1 1 f, 699. 

and hemp 16J ; but they break 
readily when bent or knotted. 

The isolated fibres are of regu- 
lar diameter, their walls have a 
uniform thickness, and the 
surface is smooth. They are 
stiff, straight, and very fine ; 
the central channel is very 
evident The ends taper regu- 
larly and gradually, like those 
of flax. The fibres are repre- 
sented in Fig. 700 ; a, sections 
of groups of fibres ; b, fibres 
seen longitudinally ; c, ends ; 
mag. 300. The fibres are 
coloured distinctly yellow by 
test P. Their dimensions are : 

— ^length: max. 0-59 in. ; min., 

0-196 in.; mean, 0-354 in.; 
diameter : max., 0 - 0008 in. ,- 
min., 0-0004 in.,- mean, 0-00064 
in. A comparison of the fibres of Phormium tenax, Mnsa textilis (Manilla hemp), and Agave sisalana 
(Sisal hemp), shows the mean length of their ultimate fibres to be respeotwly 0-39 in., 0-21 in. 
and 0 • 21 in. ; tte mean diameter of the ultimate fibres to be 0 • 00045 in., 0 - 00083 ju., pnd 0 -00112 in'* 
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and the tluokness of the cell-wall, 0-00015 in., 0-00024 in., Md 0-00028 in. Samples of phormium 
fibre exposed for 2 hours to steam at 2 atmos., then boiled for 3 hours, and again steamed for 
4 hours, lost 6*14 per cent, by weight, against Manilla hemp, 6*07 per cent., and hemp, 6*18—8*44 
per cent. 

It seems pretty certain that the principal uses of this fibre will be for rope-making, for the manu- 
facture of very Soarse textiles, and for paper-making, but especially the first. The tips and butt- 
ends of J;he leaves should be 
removed before the stripping 
takes place, and these rejected 
portions would be locally avail- 
able for paper-making. As 
compared with Manilla hemp 
for rope-making, phormium 
white rope, kept dry, lasts 
longer and wears 34 per cent, 
better than Manilla rope ,* but 
when wetted with salt water, 
the durability of the phormium 
rope is reduced 34 per cent., 

while that of Manilla rope is I til llil If 111 

much increased. When phor- 
mium rope is well oiled in the 
laying, however, it does not 
seem to be at all inferior to ManUla, even when exposed to sea-water. The former, when wet, 
is much harder and stiffer than the latter ; when dry, looser in texture. It shows greater 
difference of length when wet and dry, especially after being in sea-water. The fibre is rendered 
harsh, and otherwise injure!, by treatment with alkaline solutions, chiefly owing to the destruction 
of its natural oil. Contrary to the opinions of many, the fibre has proved to be well suited to the 
manufacture of coarse textiles. The “long tow,” or “toppets,” obtained in preparing fibre for 
cordage purposes, is easy to spin, and is useful for making wool-packs, corn-sacl;s, &t*., requiring no 
alteration in existing jute machinery (see Jute Manufactures); it claims the attention of the 
colonists, who could ship the long fibre to this country for rope-making. Fibre prepared by Thorne’s 
process, mentioned above, has been successfully converted into coarse sheeting, towelling, and canvas, 
by A. K. Forbes, of Hatton Mill, Arbroath, who deserves credit for his efi’orts to utilize the fibre. 
Native-dressed fibre has been manufactured into fine damask towelling, fairly good linen, and strong 
Scotch sheeting. It is evident, however, that the fibre cannot compete with flax alone for fine 
textiles, and that its only use in this direction in this country will be for mixing with flax, to impart 
additional strength (see Linen Manufactures). Tlie refuse fibre is eminently fitted for paper- 
making, its tenacity making it suitable for bank-note paper. It might be exported to England in 
the form of half-stuff (see Paper). 

Exports and Value.— Tiie exports of the fibre, in 1873, amounted to 6454 tons, value 143,7997 ; 
1874, 2039 tons, 37,090/.; 1875, 639 tons, 11,742/. ; 1876, 906 tons, 18,405/. ; 1877, 1138 tons, 19,457/. 
The value of the article in the London market, where it is known as “ New Zealand hemp,” is 
approximately as follows dressed, 20/.-22/. 10s. ; half-dressed, 17Z.-19/. a ton. 

Piassava. — See Attalea funifera, Leopoldinia Piassaba. 

Pimelea sp. div. — Exogen. P, clavata is not unfrequent in W. Australia. Its bark is 
pervaded by an extremely tenacious fibre, largely employed by the natives for their nets, fishing- 
lines, and kindred purposes. Some are of opinion that the bark could be profitably collected for 
textile manufactures, if so, it is the only species of sufficiently large and gregarious growth to 
render the fibre commercially available from the wild plants. A beautiful fibre, of similar utility, 
is yielded by P. axiflora, P. hypericina, and P. pauciflora, all found in the forest gullies of Victoria 
and Queensland, and the two latter also in Tasmania. On the Murray Eiver, the natives use the 
bark of P. microcephala., a shrub of the desert. 

Pinus sylvestris. — Pine-wool (Geb., Waldwolle). — Exogen. For several years in Silesia, 
and latterly also in Thiiringer Wald, Jonkoping in Sweden, Wageningen in Holland, and other 
places, the needles of the pine-tree have been utilized for the production of a textile material used 
in underclothing as a substitute for flannel, and accredited with valuable medicinal properties. 
The leaf needles are first distilled with water, for the extraction of the oil contained in them. The 
waters are used in medicinal baths. The remaining material is treated with boiling soda solution, 
for the removal of the vegetable matters. * The resulting 'fibre, equal to about 13J per cent, of the 
fresh needles,^s spun into yarn, and then woven. The thread resembles that of hemp. The 
material is largejy used in Vienna and Breslau for hospital and military blankets. The fibre is 
also employed as a substitute for horse-hair in stuffing. 

• * • . Ss 
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Pipturus sp. div. — Exogen. P. propinquus occurs as a bush in Insular India, the South 
Sea Islands, and in Australia, from the north of New South Wales, through the littoral mountains 
of Queensland. It yields a fibre similar to that of Bcehmeria nivea. P. vehitinns, in New Caledonia, 
affords a very beautiful fibre for fancy textiles ; P. argentea, the Konganga, or “ Queensland grass- 
cloth plant,” occurs in N. America, the E. Indies, Sunda Inlands, N. Australia, and Queensland. 

Pla^ianthus sidoides. — Currajong, or Corragine. — Exogen ; shrub, <20-25 ft. This 
plant is a native of Australia, and is found growing plentifully on the top and upper sid^ of the 
Strzelecki Eange, on the Gippsland gold-fields, and on the Dandenong Eange ; it is also indigenous 
to Tasmania, chiefly on the southern side of the inland, in ravines and shady places. It grows 
rapidly. The bark may be stripped otf very readily, even to the points of the smallest twigs, by 
cutting round the stem. It is doubtful whether the fibre could be got in sufficient abundance for 
general rope-making, though by miners it is much prized for cordage purposes. It might be 
applied to the manufacture of hats, paper, and even textiles. P. puloheUus and P. betiilinus also are 
much esteemed in New Zealand, Tasmania, Victoria, and New South Wales. 

Poa sp. div.— Endogen. P. ccespitosa is common on the river-banks of Victoria, and from its 
leaves, the natives make excellent mats. 

P . cynosuroides is a native of N.-E. Africa, and S. Asia, and has been selected as eligible for 
culture in Victoria. It is a harsh perennial grass, 5-6 ft. high, not serviceable for fodder, but 
affording useful fibre, which, in N.-W. India is used for rope-making, and in India generally, for the 
manufacture of coarse mats. Both species deserve attention from paper -makers. 

Prionium Palmita — Palmet. — ^Endogen. This plant is found in great abundance over 
the whole or nearly the whole of the S. African peninsula. Its fibrous leaves are used for making 
hats, baskets, &o., and are adapted for textile manufactures, paper, cordage, stuffing, brushes, &c. 

Psamma arenaria. — Bent-grass, MCarrem, or IVIoram. — Endogen. A native of the 
sandy coasts of Europe, N. Africa, and middle N. America. It is very valuable for binding sandy 
soils. Its fibre is used for paper-making, matting, and agricultural tie-bands. 

Ramie. — See Boehmeria nivea. 

Eaphia [Sagus] Ruffla.— Endogen. This palm is a native of Madagascar, and is believed 
to be peculiar to that island. It grows very abundantly on the coast, and more or less all over the 
island, reaching, in sheltered situations, to an altitude of 4000 ft. The leaves are 20-30 ft. in 
length, and consist of a great number of long grass-like pinnate fronds, sot at right angles to the 
main rib. The fibre is extracted by peeling off the cuticle on each side of the leaf, leaving a thin, 
white fibrous substance, which is divided into different widths, by means of a kind of comb, accord- 
ing to the intended use. This is chiefly for matting, largely employed in covering floors, and 
wrapping up goods. The flbre is also employed by the natives for fine textile purposes. It is 
exported chiefly to the Mauritius, whence considerable quantities are imported into this country, 
under the name of “ Eaffia,” to be used as agricultural tie-bands, &e. The value of the article in 
the London market is approximately 40-50/. a ton, though it fluctuates from 2.V. to 240/. It is 
imported in strips, in. wide, but capable of subdivision into exceedingly fine threads. It is 
usuaEy plaited in hanks of 1-2 lb. weight, made up into bales of ]i-5J cwt. 

R. [S.] tsedigera.— About 60 ft. This species is a native of Brazil, and inhabits exclusively 

the tide-flooded lands of the Lower Amazon and Para rivers, being quite rmknown in the interior 
The leaves are often 50 ft. long and upwards. The leaf-stalk is 10-12 ft. long below the first 
leaflets, and yields a smooth, glossy rind, which the Indians tear off in strips, and apply to 
numerous purposes. The ribbons may be subdivided into very fine strips. The filaments are fine 
regular, smooth, and supple. Their dimensions are:— length; max., 0-118 in.; min 0-058 in’ 
mean, 0-098 in.; diameter: max., 0-0008 in. ; min., 0-00048 in.; mean, 0-00064 in ’The fibres 
are coloured deep-yellow by test H. The fibre is imported into England and some' parts of the 
Continent, in strips about 7 ft. long and 1 in. wide, for the preparation of agricultural tie-bands 
especially for hops. Its suppleness and strength are increased by wetting. The London market 
value is approximately the same as that of the preceding species. 

Rheea. — See Boehmeria nivea. 


Sahal Palmetto.-Endogen. This palm is a native of Carolina and Florida The Faves 
are full of tough fibre, and are manufactured into hats. Machinery has been introduced' into 
Fernandina, Florida, for preparing the fibre for cordage and paper manufacture 

Saccharum sp. div.-Endogen. Several species of this reed are found in India and 
utilized on account of their fibre. S. munja grows abundantly in almost every part of Upper India 
and is a common weed nearly throughout Bengal also. The leaves have been used since time 
immemorial for making cordage. They are gathered after the rainy season, dried and twisted into 
ropes of great strength. The fibre is occasionally exporled from Kurrachi, in Scinde It can be 
procured in unlimited quantity and at small cost, and deserves attention from paper-makers in this 
country. A sara is a mnk weed like the last, and is plentiful in Bengal. Its JeaTes are rudely 
beaten, and then twisted mto rope, which is very strong and durable, even when exposed to the 
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action of water. It would appear to be as suitable as tbe preceding species for paper-making. 
S. spontaneum is wild and common in marshy places all over Bengal. It is perennial, and can be 
procured in any quantity. It is used for making mats, thatching houses, (See. 

Sails sp. div. — Osiers. — Exogen. The many varieties of osier are very widely distributed 
in temperate regions. They are cultivated in beds chiefly for the manufacture of baskets. 'J'heir 
utilization for this purpose usually necessitates the removal of the bark from the woody stem. 
This is p*rformed in France in the following way. The stems are cut when the sap has risen, and 
are soaked in water for some time. Each stem is then placed between two sharp teeth of hard wood ; 
on drawing the stem through, the bark is peeled off in ribbons or strips. These strips are used by 
gardeners, as tie-bands, but they are admirably adapted for paper-making, if procurable in sufiicient 
quantity. A section of the stem of S. alba is shown in Fig. 701 : 6, lignose ; c, cambium ; 
e, epidermis; /, bast fibres, 
coloured yellow by test H ; 
mag. 100. The dimensions 
of the fibres are ; — length : 
max., 0 • 1 18 in. ; mean, 0 ■ 078 
in.; diameter: max.. O' 0012 
in. ; min., 0 • 00068 in. ; 
mean, 0 • 00088 in. S. cordata 
on the Peel’s Eiver (N. 

America), and S. arctica on 
the Mackenzie, afford the 
native tribes fibre for their 
nets. S. japonica occurs in 
Japan. 

Sanseviera zeylanica 
— Bo’wstring - hemp. — 

Endogen. This plant is 
found in abundance all 
round the coast of Ceylon ; 
it also occurs in the Bay of 
Bengal, and extends thence 
to the Japanese and Chinese 
coasts. It frequents the 
jungly salt soils of the sea- 
shore, growing under bushes ; 
it is easily propagated, on almost any soil, from the slips which issue in great abundance from 
the roots ; it requires little or no care, and, being perennial, seldom needs renewing. The wild 
leaves are about 12-16 in. long ; but under cultivation, they attain a length of S-i ft. They 
contain an abundance of fibre extending throughout their whole length. The natives practise 
several methods of extracting this fibre. In some cases, the leaves are retted for 5-15 days, which 
process is effectual in separating the fibre from the pulpy matter, but causes a deterioration in the 
strength and colour of the fibre. A preferable plan is that of beating tbe leaves, and then placing 
them on a smooth board, and scraping them carefully, in order to remove the pulp from the fibre. For 
commercial purposes, neither system would be remunerative ; probably a slightly modified form of 
the machinery used for preparing the fibre of Agave, Auanassa, or Phormium, described above, would 
be found efficient. Full-grown leaves 3-3 J ft. long yield at the rate of about 1 lb. of clean fibre for 
every 40 lb. of the green leaves. Dr. Roxburgh estimated that an acre of land would afford 
1613 lb. of clean fibre at a gathering, and reckoned that in good soil and with suitable weather, 
two crops might be taken annually, after the plants are advanced enough. 

The fibre is as soft and fine as human hair, yet possesses extraordinary strength and tenacity. 
When made up in hanks, it has a close resemblance to silk. It is, in most respects, more like 
pine-apple fibre than any other. A section of the leaf is shown in Fig. 702 : /, fibro-vaseular 
bundles, coloured yeUow by test H; p, parenchyma; mag. 100. The dimensions of the filaments 
are; — length: max.. O' 236 in.; min.. O' 058 in.; mean, 0'118 in.; diameter; max., O' 001 in., 
min., O' 0006 in.; mean, O' 0008 in. In point of strength, the fibre seems capable of competing 
successfully with Manilla hemp. The coast natives employ it largely fur making bow-strings, and 
it is generally in use for cordage purposes. Samples of the fibre exposed for 2 hours to steam at 
2 atmos., then boiled for 3 hours, and ag;^n steamed for 4 hours, lost only 5 '55 per cent, by weight, 
as against Manilla hemp, 6'07,' phormium, 6-14 ; hemp, ?'18-8'41. Properly^repared, much of 
it might be employed with advantage for fine textiles ; and the tow has long been known as pro- 
ducing an excel^nt paper. The wide diffusion and easy cultivation of tbe plant, and the proved 
valuable qualities of^its fibre, especially recommend it to the attention of agriculturists in India 
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and in those colonies where the climate is anitable; and regular shipments of the fibre, uniform in 
quality, would soon procure it a place in our markets. jj... 

Other species are S. lanuginosa and S. cylindrica, indigenous to the E. Indies ; and m addition, 

S. guineensis, S. angolensis and S. longifolia, in Africa. r, ■ j 

Scirpus lacustris-Marsh Gladden.-Endogen. This rush is common in Bntain, and 
generally in the north temperate zone, in boggy places. In America, it is knoiTO as the “Cali- 
fornian tule.” It is used 
for making baskets, has- 
socks, bottle-covers, bee- 
hives, &o. It has recently 
been proposed as a paper 
material, being said to 
yield at least 50-60 per 
cent, of pulp, suitable for 
the best writing and 
printing papers. 

Sesbania aculeata 
— Sliiuicbee. — Exo- 
gen ; annual, 6-10 ft. 

This plant is found in 
tropical and sub-tropical 
Asia, Africa, and Aus- 
tralia. It is very com- 
mon in all parts of India, 
springing up in rice-fields, 
and other wet cultivated 
land, during the rainy 
season. It is also culti- 
vated by the natives in low, wet soils ; it requires little attention, is rapid in growth, and is con- 
sidered advantageous to the soil as a rotation crop. Sowing takes place when the soil has been 
moistened by the first showers of April-May ; about 30 lb. of seed is allowed to an acre ; and less 
weeding is necessary than for jute. The crop is ready for cutting in September-October, though 
the fibre does not suffer if the plants are left standing till the seed is ripe, in November. The 
produce varies from 100 lb. to 1000 lb. of p.artially cleaned fibre from an acre. Europeans have 
obtained an average of 500 lb. clean fibre, and 275 lb. seed from an acre. 

The fibre is 6-7 ft. long. It is coarser and harsher than hemp, unless cut very early. This 
may in part be caused by the native method of preparation, which resembles that in vogue for 
Crotalaria juncea. At the same time, the fibre is considered superior to jute {Corchorus) in strength 
and durability. It is best suited to the manufacture of cordage, for which purpose it is locally 
preferred to both Crotalaria and Corchonts. A 31 in. rope broke at 75 cwt., the Government proof 
requiring only 49 cwt. Samples of the fibre exposed for 2 hours to steam at 2 atmos., then boiled 
for 3 hours, and again steamed for 4 hours, lost 6*07 per cent, by weight, or exactly the same as 
Manilla hemp in a similar trial. If properly prepared and scutched, it would doubtless command a 
sale in this market for rope-making. 

Several congeneric plants might afford equally useful fibre ; as S. grandijlora and S. wgyptiaca, in 
the B. Indies, Java, and Australia. 

Sida rhombifolia [retusa]— aueensland hemp.— Exogen. This plant is found growing 
as a weed in wild luxuriance in many parts of Queensland, and gives much trouble to cultivators. 
It affords much fibre, having great strength, and average length and fineness. The attention 
of English paper-makers has been called to it, anil it is recommended to be steeped and broken, to 
remove the bulk of the woody matter, and then to ship it in that state. Its value in that condition 
is placed at llZ.-12f a ton ; when thoroughly cleaned, it is worth upwards of 30f. a ton, and is fit 
for textile purposes. 

S. rhomboidea— Sufet Bariala.— This is merely a variety of the above species ; it is 
common in Bengal and Assam, where it springs up in the rainy season. Sown thickly on good soil, 
it shoots up rapidly, without branching. It yields an abundance of delicate flax-like fibres, 
exhibiting great strength, and 4-5 ft. long. A line J in. in circumference, after exposure to wet 
and sun for 10 days, bore 400 lb. Samples of the fibre exposed for 2 hours to steam at 2 atmos^ 
then boiled for 3 hours, and again steamed for 4 hou^, lost 6 per cent, by weight as again^ 
Manilla hemp, 6' €7 ; and hemp, 6‘ J8-S-44 per cent. The fibre seems to be in every way superior 
to jute. c 

Many other species and varieties of Sida abound in Asia and Austsplia, atd are deservino- 
of investigation, e. g. 8. tiliwfolia is cnitivated in Ciiina, and its fibre is ^steemed superior to 
* » « 
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hemp, while N. Australia produces S. corntgata, S. intricata, S. virgata, S. petrophila, and S. Australia 
furnishes S. cordifolia, S. spinosa, and S. macropoda, in addition to the first species indicated aboye. 

Sisal Hemp. See Agave sisalana. 

Spartina cynosuroides — Prairie Grass. — Endogen. This perennial grass inhabits fresh- 
water swamps jn the eastern parts of N. America, and has been recommended for culture in 
Victoria. Its value as a paper fibre is said to equal that of esparto grass {ifacrochloa tenacissima). 

S. jtmcea. — This species is found in salt-marshes in N. America. A tough fibre can be 
readily obtained from its leaves. 

Spartium juneeum — Spanish Broom. — Exogen. This plant is a native of the Medi- 
terranean region, and is found widely cultivated as an ornamental garden plant, and as a forage 
plant. It was anciently grown in S. France, on arid coast-lands and similar spots, for the sake of 
its fibre, which was employed in textile fabrics. It may now be recognized as atibrding a useful 
paper fibre. The plant is hardy, and flourishes in the poorest soil. The seed is sown in winter, 
with some other crop. For three years, the plant receives only an occasional thinning out. The 
young spring shoots are cut in February-March, or sometimes not till after harvest, the former 
being preferable. Towards the end of August, they are collected in small handfuls, and laid on the 
ground to dry, after which, they are made up into larger bundles of 25-30 handfuls each, and 
stored. On a damp day, they are beaten with a mallet, so as to flatten them without breaking 
them, and towards the end of September, they are put under stones in a river for half a day. In 
the evening, they are taken out and arranged in rows on a specially prepared plot of ground, near 
the stream, ready for watering. For this purpose, a bed of fern, straw, or chopped box is prepared, 
and on this the bundles of broom are placed one over another, the whole heap being finally covered 
with another layer of straw or box, on the top of which stones are placed, so as to keep the whole 
secure, and exclude sun and air. Thus placed, it is watered every night for eight days, allowing 
about 1 hecto. water for each bundle of fifty handfuls. On the 9th day, the retting is complete. 
The bundles are then alternately washed in running water, and beaten on a flat stone, till the fibre 
is separated from the woody portion. The bundles are next spread fan-wise on the ground to dry 
and bleach, when they are again collected and put away till winter. Tlie fibre is then combed 
clean, and spun and woven into various textiles. At Casciana, on the Leghorn and Florence 
railway, hot-spring water is used for the retting; and a company was some years since started for 
growing the plant and manufacturing the fibre on a large scale. 

Spathodea Kheedii. — Exogen; small tree. Found in Bombay, in gardens; also in the 
Khandalla Ghats, and in Malabar. The fibre extracted from the branches and roots is used for 
making ne'ts. 

Sponia orientalis. — Exogen; small tree. A native of Ceylon, the Coromandel Coast, 
common along the foot of the Ghkts, and occurring in the Kennery forests, Salsette, in Nepal, 
Bengal, Sylhet, and Assam. The under-bark consists of numerous reticulated fibres, used for 
clothing by some native races. 

S. Wightii — Chitrang. — This plant is a native of India, being especially abundant in the 
Concans. The fibrous bark or bast occurs in strips 12-30 in. long, 3-15 ft. wide, and O' 0039-0 '03 in. 
thick. It is used not only as bast, but also in the manufacture of cordage. This fibre, and that 
of S. orientalis, are also said to be utilized in Mauritius and Venezuela. 

Sterculia sp. div. — Exogen. S.rupestris is the true ‘.'bottle-tree ” of the Brigalow scrubs 
of New South Wales and Queensland. S. dmersifolia occurs from the eastern parts of Victoria to the 
south-western parts of Queensland. Both afford a fibrous bark, which may be useful for paper- 
making, and other purposes. 

S. guttata is a tree, growing to a height of 70 ft. It is a native of Malabar. The bark of trees of 
the 10th year is employed by the natives on the western coast of India for making coarse clothing, 
and cordage. The tree is felled, its branches are lopped, the trun^ is cut into pieces 6 ft. long, a 
longitudinal incision is made in each piece, and the bark is opened, taken off entire, chopped, 
washed, and sun-dried. In this state, it is very pliable and tough, and is used for clothing without 
further preparation. 

8. villosa is a large tree of the Deccan, and the mountainous districts eastward of Bengal ; 
common in many places on the outer hills of the N.-W. Himalaya up to 3600 ft. ; also in Assam, 
Cuttack, and 8. India generally. Tlie bark is easily shipped off the whole length of the trunk, 
the inner layers containing fine fibre, while the outer are composed of coarser and stronger qualities. 
The fibre is manufactured into ropes for elephant-catching, and other purposes, which are very 
strong and lasting, and but little afleeted by wet. It is also used for making bagging and paper. 

S.fcetida, 8. rupestris, 8. Dumbeya, 8. acurifolia, 8. ramiflorg, indigenous to Australia, the E. Indies, 
America, and Natal, as well as 8 . tomentosa in Angola, afford excellent fibres ; so also 8 . caribcea, 
of Trinidad an'& New Caledonia. 

Stipa semibarbata. — Endogen. Native of Tasmania; common in some localities. After 
the seed has ripe7jed,|the upper part of thg stem breaks up into fibre, which curls loosely and hangs 

* • 
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cloTfn. The quality of the fibre in this state must be inferior to what it would become under proper 
treatment. 

S. arenaria is a closely allied and taller species, confined to Spain and Portugal. In Australia, 
occur S. setaeea, S. puiescens, and S. micmntha ; in the Argentine Eepublic, S. Ichon and Chusquea 
Xoretziana. ^ 

Stropliantlius — Vegetable SUk. — Anative of Senegal. Its seed hairs are used for stuffing 
purposes. « 

Tbespesia sp. div. — Exogen. T. Lampas is a native of India, and is found especially in 
the Concans, where it is used like Crotalaria. T. pc.pulnea occurs in S. America, and in the Society 
and South Sea Islands ; in British Guiana, it is used for making coffee-bags. 

Tilia europsea— liime-tree bast.— Exogen. This tree abounds in certain forests in 
Russia, where the collection of its bark forms an important industry. The trees are cut down at 
the age of 8-16 years, when the sap is rising, in May-June, the bark being then most easily removed. 
The bark is divided into longitudinal strips, 4-6 ft. long, which are loosened by the aid of a knife, 
and then torn off by hand, and spread out to dry. When soaked in water, the cortical layers 
separate ; the fibres from the interior are most esteemed, the outer ones being coarser. The wood is 
converted into charcoal, and the sap is occasionally evaporated to yield sugar. 

A section of the young bark of T. argentea is seen in Fig. 703 ; a, bark ; 6, lignose ; c, cambium ; 
e, epidermis ; /, bast fibres, coloured deep yellow by test H ; mag. 100. The fibres are abundant, 
tenacious, supple, short, and 

fine. Their dimensions are : t03. 

— length : max., 0 • 196 in. ; 
min., O'OSin.; mean, 0-078 
in.; diameter: mean, O' 00064 
in. 

The bast for foreign con- 
sumption is made into mats, 
which generally measure 
about 6 ft. by 3 ft. 6 in. 

These are used especially 
for packing large objects, as 
machinery and furniture ; 
and immense quantities are 
consumed by gardeners. 

The annual production of 
these mats in Russia is 
estimated at about 14 mil- 
lions, J of which is exported. 

The 'fibre is also converted 
into pit-ropes and clothes- 
lines in France, and fishing- 
nets in Sweden, for which purposes its durability eminently fits it. It would doubtless yield excel- 
lent paper. Bevel, in 1879, exported 15,200 pieces of mat-bags to England. The great local con- 
sumption of the bast is for shoemaking; in the governments of Nijni Novgorod, Wiatka, Kostroma, 
and Minsk, the manufacture amounts to about 7 miUion pair annually. The useful bast of 
T. paudjlora, T. parviflora, T. vulgare, T. phtgfoUn, and T. ang-ustifoUa are employed in Europe the 
Caucasus, and Central Asia, more particularly in S. Russia, and T. cordata in Japan. 

TiUandsia usneoides— Spanish Moss or Vegetable Hair.— An epiphyte found 
attached to several kinds of ^ees in the United States, S. America, and W. Indies The laro-est 
and most tenacious is gathered from the cypress. The stripping is done by negroes at intervals 
of 7 years on the same tree. When gathered, the “moss” is placed in a sunny spot and left 
exposed to wind and weather for a month. The greyish bark then peels off, leaving’ the fibre 
almost clean. It is baled, and taken to factories, to be cleaned. It is first washLl in boUing water 
with soap ; then hung out on racks to dry ; and finally dusted in a fan-mill. The best qualiLs can 
hardly be distinguished from horse-hair. All are used for stuffing purposes. New Orleans is the 
centre of the industry. ' 

Touchardia latifolia.— Exogen. A shrub, allied to Boohmeria nhea, found in the Hawaian 
Islands, and yielding a tough and easily separable fibre. 

Triodia [Eestuca] irritans-Porcupine gra^s.-Endogen. A brittle grass, abundant 
in waste tracts in Australia, and might be used for paper-making. 

Tritoma sp. div.— Endogeu. T. maria and T. recumta are utilized as fibfe-plants at the 
Cape of Good Hope. The leaves are crushed, and digested in hot watei-;, the ‘fibres separate in 
about 12 hqjirs. The plants were introduced into Victoria in 1876. ^ 
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Typha elephantina— Elephant-grass.— Endogen ; grass, 6-10 ft. This species and 
T. angustifolia, both natives of India, are nsed for making mats. 

Urena sp. div. — Exogen. Species of this genus are found in the intratropical girdle around 
the globe. U. lohata is a common shrub in India, and is generally found in waste places during the 
rains. It abounds in strong fibre, which is considered suitable for the manufacture of sacking and 
twine. Slips o? sized paper, weighing 39 gr., made from this fibre sustained 75 lb., as against Bank 
of England note pulp, 47 lb. ; it was said to bear ink well, but to work “ woody ” and “ hairy.” U. 
sinmta occurs in Bengal, and probably differs but little from the preceding. 

Urtica sp. div. — Nettle (Fn., Ortie ; Gee., Nessel). — Exogen. Of the European members 
of this genus, U. dioica, U. pilulifera, and U. urens, the first only seems to deserve any attention. 
The wide distribution and hardy nature of the common nettle ( U. dioica) are well known. Its culti- 
vation as a fibrous plant has been experimentally conducted at Stralau, near Berlin, with the result 
of obtaining stems 3-5 ft. high, without manuring or weeding. Hopes are entertained of a double 
crop annually. The plants are liable to the attacks of a caterpillar. A section of the stem of the 
plant is shown in Fig. 704: a, bark; h, lignose; e, epidermis; /, bast fibres, coloured deep blue 
by test H ; mag. 100. The fibres, when extracted from the plant by retting, are soft, very supple, 
long, of considerable strength, lus- 
trous, and white. Treated like 704. 

hemp, they have recently been con- 
verted into textile fabrics, which 
were declared equal to linen. Paper 
made from them has attracted 
much attention. 

JJ. (Jdirardinia) heterophylla, the 
Neilgherry nettle, or “ vegetable 
wool,” is a native of Concan, Coro- 
mandel, Prome, Zoongdung, Nepal, 

Assam, and Burma. It succeeds 
well by cultivation. The bark 
abounds in fine, white, glossy, strong 
fibres, which have a rougher surface than those of Bahmeria nivea, and are therefore more easily 
combined with wool in mixed fabrics. The natives subject the stems to a retting process for 10-12 
days, by which they are so softened that the outer fibrous portion is easily peeled off. The tow of 
this fibre is especially valuable. Samples of the fibre exposed for 2 hours to steam at 2 atmos., then 
boiled for 3 hours, and again steamed for 4 hours, lost only 2 • 85 per cent, by weight, as compared with 
Manilla hemp, 6'07 per cent. 

£7. argentea in the South Sea Islands, V. canmbim in Siberia, and U. japonica in Japan, are 
utilized locally. Other nettles will be found under Dcchmeria and Laportea. 

Xerotes longifolia — Tussock-grass, or Mat-rush. — Endogen. Found over almost the 
whole colony of Victoria, especially on dry, open, sandy country, such as that between Blelbourne 
and Frankston, where, with Lepidosperma gladiata, it covers miles, to the exclusion of almost every 
other plant. It grows 18-24 in. high, attaining 6 ft. and more when near water, but the fibre is 
then much weaker. It is reckoned the best indigenous substitute for esparto for paper-making. 
The best samples come from the driest localities. 

Other species, indigenous to Australia, are i filifarmis, X. termifolia, X. glauca, X. rigida. 

Xylopia sp. div. — Exogen. The fibres of X. fnitescens and X. scricei, in Brazil, are locally 
employed for cordage. 

Yucca sp. div. — Endogen. These plants are indigenous to the southern portions of the 
United States, and some of them have been widely distributed. T. brevifolia, the mis-called “ Cali- 
fornian cactus,” grows abundantly in the Mojave desert, between #he 34th° and 35th ° N. lat., and 
between the stations of Mojave and Eavena, in California. There are many square miles of ground 
occupied by this plant. The height attained is 10-20 ft., and the diameter of the trunk, 18-30 in. 
The habit of growth varies much. The soil is a fine, warm sand, very dry for a depth of 2 It., but 
moister below. Existing supplies of the plant are being rapidly consumed for paper-making. 

F. gloriosa, or Adam’s needle, is found in America, from Carolina and Florida, to Texas and 
Mexico. In India also, it is met with growing wild in Bengal, and other places. These are, 
perhaps, the best-known species. The whole genus has been utterly neglected from an imlustrial 
point of view, no real attempt having ever been made to grow the plants on a commercial scale, 
though their hardiness, their preferei^e for arid barren sands, and the quality of their fibre, 
would seem to be special recommendations. The fibr# resembles in many respects that of the 
agaves, and Is applicable to similar purposes. 

Zizania ^fJlquatica.— Endogen ; grass, 7-14 ft. A native of N. America ; found especially in 
Canada, on th(j shares of Lakes Erie, St. Clair, Ontario, &c. It is an annual, frequenting only 
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swampy ground. It seems to be available in immense quantity. It makes admirable paper, pos- 
sessing the advantage of being almost free from silica. 

BMiography.—R. Wissett, ‘ Hemp and Sunn’ (London : 1808) ; J.;P. Boyle, ‘ Cotton in India ’ 
(London : 1851) ; J. Ward, ‘Flax ’ (London ; 1854); V. P. G. Demoor, ‘Culture du Lin, et Modes 
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fast; 1865); A. du Mesnil, ‘Manuel du Cultivateur de Lin en Algerie’ (Paris; 1866); Parlatore, 
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(Brunswick; 1867); Lorenz, ‘Eohe Baumwolle ’ (Oest. offic. Bericht fiber Paris. Ausst. Bd. V., 
Vienna : 1867) ; H. Bivett-Camac, ‘ Eeport on Cotton ’ (Bombay : 1869) ; L. Wray, ‘ Indian Fibres ’ 
(Jour. Soc. Arts, Vol. xvii.. No. 859, London ; 1869) ; E. de la Sagra, ‘ Ortie de la Chine ' (Paris : 

1869) ; H. Carcenac, ‘ Textiles Vc'ge'taux, &c., en Italic, Espagne, et Portugal ’ (Paris ; 1869) ; 
J. Wiesner, ‘Indischen Faserpflanzeu ’ (Sitz.-bericht der K. Akad. der Wissens. Bd. 62, Vienna: 
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(Wellington, N. Z. : 1870-1); T. Sloerman, ‘La Eainie’ (Ghent; 1871); E. Johnston, ‘Esparto’ 
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(Ghent : 1872) ; J. Hector, ‘ Phormium tenax ’ (Wellington, N. Z. : 1872) ; P. L. Simmonds, 
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des Pflanzeureiohes ’ (Leipzig: 1873); P. L. Simmonds, ‘Phormium tenax’ (Jour. Soc. Arts, Vol. 
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‘ L’Alfa des Hants Plateaux de I’Algerie ’ (Algiers : 1873) ; B. Sohlesinger, ‘ Mikrosoopische Unter- 
suchungen der Gespinnst-Faseru’ (Zfirich: 1873); F. L. Weinmann, ‘Flax Congress’ (Eeport 
presented to Parliament, London : 1874) ; H. C. Kerr, * Eeport on Jute in Bengal, and Indian Fibres 
for Paper ’ (London and Calcutta: 1874); T, Boutledge, ‘Bamboo for Paper-making’ (London: 
1875) ; J. P. Watson, ‘ Eeport on Eheea Fibre ’ (London : 1875) ; M. Ve'tillart, ‘ Les Fibres Ve'ge'tales 
Textiles’ (Paris : 1876) ; G. Cantoni, ‘Culture du Lin ’ (Paris ; 1876) ; J. de Saldanha da Gama, 
‘ Textile Plants of Brazil ’ (1876) ; C- B. Bouchc and H. Grothe, ‘ Die Nessel als Textil-pflanze ’ 
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Strettell, ‘A New Source of Eevenue for India’ (London and Brighton : 1878); A. v. Eoessler- 
Lade, ‘ Die Nessel, eine Gespinnstpflanze ’ (Leipzig : 1878) ; A. Todaro, ‘ Cotoni in Italia ’ (Eome: 

1878) ; H. Grotlie, ‘ Gespinnstfasern aus dem Pfianzenreiche ’ (Berlin ; 1879) ; J. F. Watson, ‘ Eeport 
on Cotton-gins ’ (London : 1879) ; T. Boutledge, ‘ Bamboo and its Treatment ’ (Sunderland : 1879) ; 
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(See Brushes ; Cotton Manufactures ; Hosiery ; Jute Manufactures ; Lace ; Linen Manufactures ; 
Paper ; Eope ; Small Goods.) 

FDOOEiCLOTH (Fa. Toile dree ; Ger. Wachstuch, Wachsleimcand). 

The term “ floorcloth ” was formerly applied to canvas covered with several layers of paint ; 
but this kind of floor covering is now specially called “oilcloth,” the original word having 
acquired a much wider signification. Oilcloth, althougj; a great improvement upon its pre- 
decessors in point bf cleanliness and disability, has nevertheless some defects, and it is chiefly 
owing to these that it is now being rapidly superseded, as far as price will permit, by other fabrics. 
Even the best qualities of oilcloth are cold, hard, and slippery to the feet,^fpeci*lly when wet. 
Linoleum, kamptulicon, and other substitutes for oilcloth, do not possess these (jefects, and are yet 
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much more durable, and quite as cleanly. The whole of the thickness of oilcloth is built up, as it 
were, of a number of films of paint, each of which requires a long time to harden. The time 
necessary to produce an oilcloth of good quality must therefore be very great. The whole thick- 
ness of the more modern substitutes for oilcloth is, in most cases, obtain^ by one or two operations, 
the great saving efiected in time being more than sufficient to compensate for the extra expenditure 
on machinery.* 

Oilcloth.. — The basis of oUcloth is a coarse canvas, generally made of jute. The breadth of 
each web varies from 6-8 yds., while the length sometimes attains 150 yds. On its arrival at the 
works, the canvas is cut into convenient lengths, which are then nailed to upright frames. These 
frames are provided with screws, by means of which the fabric can be uniformly stretched. Too 
much strain must not be put upon it, or the shrinkage, which takes place when it becomes wet, 
will cause it to give way. At convenient intervals of height, opposite each frame, are stages or 
platforms, on which the workmen stand while preparing the surface. The first operation to which 
the framed canvas is subjected is “size priming,” which consists in brushing its surface with a 
weak solution of size. The object of this is not only to give a body to the cloth, but also to protect 
the fibre from the injurious action of the acid products generated during the oxidation of the lin- 
seeil oil which is subsequently applied. Cloth which is covered with paint without a protective 
coating of size soon becomes rotten and brittle. Although the surface of the canvas is much 
smoother after this priming, yet a number of loose fibres still project, and, to remove these, the 
cloth is either rubbed while still damp with flat pieces of pumice, or it is allowed to dry, and is 
then sheared with large knives. Sometimes the drying of the size is accelerated by admitting hot 
air into the building in which the frame is situated. When the priming is thoroughly dry, and 
the face of the canvas is freed from loose fibres, the first coat of paint is applied, commencing, as in 
sizing, at tlie top of the web. The consistence of this paint is much thicker than for ordinary 
painting purposes : the pigment in general use is yellow ochre. Sometimes red oxide of iron is 
substituted ; but paint mixed with this substance does not dry so well. The first layer of paint is 
not applied by means of paint-brushes, but with the help of long steel trowels, similar in shape to 
those used by plasterers. The paint is well worked into the interstices of the canvas, and the 
excess is scraped otf by tlie edge of the trowel. Both sides of the canvas are treated in this way, 
and are then allowed to dry, either with or without the aid of aitificial heat. Some manufacturers 
still appear to think that oilcloth seasoned at ordinary temperatures is superior to that which has 
been dried at an elevated temperature in stoves. There does not, however, appear to be any 
perceptible difference between the finished goods turned out by the two methods. When the first 
layers of paint are sufficiently hard, anotlier coat is laid upon the side which is intended for the 
back of the cloth. As soon as this dries, the back is finished, with the exception of any trade 
mark which may be necessary, and which should be applied at this stage. The first layer of 
paint on the face side of the cloth is rubbed with lump pumice, before the next coating is applied. 
This is again done with a trowel, and tlie operations of trowelling, drying, and pumice-scouring are 
repeated three or more times, according to the quality of the oilcloth to be produced. When 
sufficient thickness has been obtained, the face coating is applied. As this forms the groundwork 
of the pattern which is subsequently printed upon the oilcloth, it requires more care, both in 
mixing and laying on. A brush is used in the latter operation, instead of a trowel. When this 
last coat is sufficiently dry, the whole piece of oilcloth is cut down from the frame, and removed to 
the printing-room. The method of doing this, and the nature of the blocks used, are the same as 
for linoleum, and are described below. After printing, the oilcloth is seasoned, usually by hanging 
it in a room heated to at least 24° (75° F.). It is then taken down, and, when the edges have been 
trimmed, is ready for use. Oilcloth, when not sufficiently seasoned, is so soft that the pattern 
soon wears otf; it also has the disadvantage of shrinking considerably after it has been laid 
down. 

Iiinoleum. — The larger proportion of the bulk of linoleum is^ulverized cork (see Cork). By 
far the greater part of the cork used in this industry cousists of the refuse cuttings from the manu- 
facture of corks for bottles. In making these, there is a large amount of waste, amounting to about 
40 per cent., for which there is hardly any other application. Thin sheets of cork, called “ virgin 
cork,” can also be procured at a low price ; but they are more difficult to break up, and are not so 
elastic as the older bark. The cuttings are emptied out of the sacks, in which they arrive, into a 
deep sieve, the quick lateral motion of which causes all pieces of stone, iron, &c., to fall to the bottom, 
the lighter cork passing on into the breaker. A considerable quantity of dust and dirt falls through 
this sieve, amounting to about 5 per cent, of the whole weight of the cork. 

The working parts of the cork-breaker are shown in transverse section in Fig. 705, while 
Fig. 706 is a view from above ; a is a steel shaft, with a»rectangular projection 6, upon which are 
fitted the ca'tt-steel discs c and d. These discs, which are toothed like saws on their peripheries, 
are J in. thieba and 1^ and 9 in. respectively in diameter. Closely adjoining, and partly fitting in 
between thein, are steel plates e /, firmly bolted together, and fixed to the framework of the 
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machine by the bolts g h. Both discs and plates are kept in their places by nuts, which screw on 
to the shaft and bolts. 

The shaft should work at a rate of not less than 180 rev. a minute. As the hardest steel soon 
loses its edge when used for cutting cork, the teeth will require sharpening about once a week. 
There should, therefore, be dupli- 
cates of both discs and plates, and 
the framework of the machine must 
be so arranged that all parts may 
be easily accessible. The quickest 
and indeed the only practicable 
method of sharpening the teeth is 
by means of a thin emery wheel, 
similar to those used for sharpening 
saws. The bearings of the shaft a 
must, of course, be so constructed 
as to admit of its being adjusted, as 
the discs and plates wear away. 

The cork passes into this machine 
through a hopper, fixed to the upper 
part of the sheet-iron casing, with 
which the whole machine is sur- 
rounded. 

On leaving the breaker, the cork 
appears in pieces about the size of 
peas, which are then reduced to 
powder by means of ordinary hori- 
zontal mills, resembling those used 
for grinding corn. The best stones 
for the purpose are lava stones; 

French burrs, although more dur- 
able, do less work, owing to their 
smoother faces. The ground cork, 
on leaving the millstones, passes 
into a screw elevator, by which it is 
raised into a sieve. Great care 
must be taken to prevent an escape 
of the powdered cork into the atmo- 
sphere of the mill, as a mixture of 
cork-dust and air in certain propor- 
tions IS highly explosive. This has been the cause of frequent accidents ; in one instance, the roof of 
a cork-mill was blown OS', and the building was set on fire. To diminish the risk from this source it 
is advisable to construct the roof of iron, leaving several of the sheets loosely fastened at the lower 
end, so that any sudden pressure from within may find an outlet, without destroying the whole of the 
roof. The degree of fineness of the sieve depends upon the quahty of the linoleum to be produced 
Coarse cork renders the fabric more elastic ; but the surface is not susceptible of a high finish and 
the printing is necessarUy imperfect. On leaving the sieve, the finer particles fall into s’acks 
whOe the coarser residue returns to the mill. The sacks of powdered cork, havin- been brought 
to a uniform weight of 56 lb., are placed in a drying-stove, heated day and night to not less than 
38° (100° F.). Here they must remain for at least 24 hours ; in damp Lather, even lonLr From 
the drying-stove, they are brought to the first mixing-machine, where they are roughly mixed with 
the cement which unites the particles of cork, forming crude linoleum 

It may here be remarked that some kinds of cork are much darker in colour than others ; on 
leavmg the sieve, the light-coloured dust should be reserved for making brown linoleum, while the 
darker shades should be used for red. In buying the cuttings, it must be remembered that wet 
cork m dear at any price, as it takes a very long time to dry, and involves a considerable con- 
sumption ot fuel. 

Next in bulk to the cork, as a component part of linoleum, comes oxidized linseed oU (see Oils 
-Linseed), which is produced by exposing boded linseed oil in a thin film to the action of the a t 
at a temperature of not less than 21° (70° F.). The most suitable quality of linseed od for tlfo 
manufacture of both floorcloth and linolei*n is that known as “ Baltic.’’ The best wa to t t ’t ' 
by boiling about 2 gal. in an iron pot, with the addition of i per cent.' of ground lithaLe and Let 
cent, of red-lead. Tiie temperature, controlled by a theimouieter immersed in the«od sbm,to 
be aUowed to rise above 260° (500° F.). In order to accelerate the process of oadation, air i! 
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blown into the hot oil, by means of a pair of ordinary bellows. Small samples are taken from time 
to time, and cooled npon an iron plate. As soon as they appear “ stringy ” when cool, the pot is 
removed from the fire, and its contents are stirred till cold. If the sample in the pot become solid, 
the oil is suitable for oxidation ; bad oil remains sticky and semi-liquid. The time occupied in 
testing a sample of oil in the above manner is 2-i hours, according to quality. Where gas is 
accessible, it is to be preferred for heating the sample, on account of the greater facility it atfords 
for re^lilating the temperature. Some oils are liable to froth over the edge of the pot ; this may 
be prevented by continually raising the contents in a ladle, and letting them fall back into the pot. 
No reliable chemical test has yet been found to determine the quality of linseed oil, the sulphuric 
acid test being the only one which gives even approximate results. If the oil be at all fresh on 
arrival at the works, it should be stored in tanks for at least a month, to allow the mucilage and 
water contained in it to settle down. It is then run as required into the boiling pans, which are 
usually made to contain 10-15 cwt. In order to avoid accidents, these pans should be constructed 
of wrought iron, and be provided with a hood to carry off the gases evolved. As these gases are 
extremely offensive, they should be destroyed by passing them through a coke fire. It is not 
advisable to lead them into a boiler flue, as they contain acrylic and other acids, which speedily 
corrode the boiler plates. It should also be borne in mind that a mixture of these vapours with air 
in certain proportions is explosive ; the fire into which they are conducted must not, therefore, be 
too near, nor the pipe leading into it of too great a diameter. The pans are heated by a fire 
underneath, and are built is such a way tliat the oil cannot reach the fire, even should it boil over. 
Each pan is provided with a stirrer, which should be kept in motion during the whole time of 
boiling, in order to prevent the driers from caking on the bottom of the pan. Prom the lower arms 
of the stirrer, hang pieces of 
heavy chain, which, by sweeping 
the bottom of tlie pan, keep it 
free from impurities. The tem- 
perature of the oil having been 
raised to about 177° (350° F.), 
the driers are stirred in. This 
should be done gradually, as the 
moisture contained in them 
causes the oil to froth. The 
driers used are the same as for 
testing the oil ; it is not, how- 
ever, necessary that the litharge 
should be ground. The tempera- 
ture is kept at 149°-177° (300°- 
350° F.) for about 5 hours ; the 
fires are then drawn, and the 
oil is allowed to cool. A higher 
temperature than 350° F. during 
boiling does not improve the 
drying properties of the oil, and 
careful experiments have shown 
that it is actually injurious. 

The colour of the oil is darkened, 
it acquires a strong smell, and 
the loss of weight by volatiliza- 
tion is considerable. The tem- 
perature of the boiling oil should 
therefore be carefully checked 
by means of a thermometer in- 
serted through a hole in the 
hood covering the pans. When 
the oil is sufficiently cool, which 
will be the case in about 12 
hours, it is pumped or run into 
the tanks of the oxidizing-sheds. The arrangement of these is given in Figs. 707, 708, and 709 : 
a are pieces of thin cotton fabric, tet^nically known as “ scrim.” Their width is either 6 ft., in 
which case, one piece only is required, or 3 ft , when two pieces are fixed side by side. The length 
of each piece should not exceed 25 ft., or the fabric will be unable to carry the weight of the 
oil accumujitting ujmn it. The ends of these pieces of scrim are pasted or glued over bars of iron b c, 
and allowedjto ^ry upon them before hanging up. The top bars 6 are fixed in^ notches in iron 
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castings, which, in their turn, are screwed to the upper beam A. The lower bars c, are kept in 
their place by inserting them between iron rods, fixed perpendicularly between the ^ams d e. 
Space must be left between d e, to allow for the stretching of the fabric, which sometimes t^es 
place very unevenly. A few inches below e, is a smooth concrete floor, off which the oil runs into 
a gutter /, leading to the oil-reservoir. Fig. 707 gives a side view ; Fig. 708, ^ section, and 
Fig. 709, a view from above of a bay in an oxidizing shed. Each building usually contains two 
of these bays ; it is not advantageous to make the buildings of a larger capacity, on account of the 
difiSculty of heating them uniformly. The interior of the building should be maintained at 21°- 
38° (70°-100° F.), except when the workmen are obliged to enter. Very efScient means of 
ventilation must be provided, in order to purify the atmosphere of the building before the entrance 
of the workmen, as the fumes of acrolein, generated during the oxidation of the oil, are so 
irritating as to render access difficult until they have been removed. It is chiefly these vapours 
from the oxidizing buildings that give rise to the nuisance complained of in the neighbourhood of 
linoleum works. Attempts have been made to destroy them by passing tirem through a fire ; but 
the great bulk of air which has to be treated with them, and in a short space of time, has rendered 
these endeavours fruitless. 

The only method which has met with even partial success is that adopted in so many other 
industries, namely, passing them up a high shaft into the atmosphere. By this means, the inhabitants 
of the immediate neighbourhood are certainly relieved, but at the expense of those living at a 
greater distance. The boiled oil is pumped to the top of the build^pg from a tank sunk into 
the ground at the lowest point of the drain /. Here it is conducted into movable troughs, 
supported on wheels, which fit into, and run along, the outer part of the iron castings bearing 
the bars h. The lowest part of the trough is situated immediately above the pieces of scrim, 
consequently, as soon as the trough is pumped full, the oil begins to overflow at this point. 
By running the trough backwards and forwards along the length of the shed, the whole of the 
scrim is uniformly flooded. Although the flooding is sometimes done by hand, yet it is preferable 
to move the troughs backwards and forwards, by means of chains passing through the end walls of 
the building, and worked outside by suitable gearing. To prevent the oil from escaping at the 
side, ciu-tains of canvas, about 6 ft. deep, are hung from the beam A. The sheds are flooded once 
in 24 hours ; in summer, or when the temperature is high, this operation may be performed twice 
in the same period. The pumps should be located outside the building, so as to be easily 
accessible. As the oil soon becomes thick, and full of lumps, ordinary valve-pumps are of little 
use ; chain-pumps and rotary-pumps have given the best results in practice. To diminish the risk 
from fire, it is well to isolate each oxidizing shed, and to surround it witli a low bank, to prevent 
the burning oil from spreading, in case of accident. The roof should be covered with iron, 
although lined with wood, to prevent loss of heat. In calculating the dimensions of the heating 
apparatus, ample allowance must be made for the diminution of temperature during winter, as 
any stoppage in the oxidizing department would seriously interfere with the production of the 
whole manufactory. Each time the scrim is flooded, its surface becomes covered with a thin film 
of oil, which oxidizes or solidifies, and slightly increases the thickness. In 6-8 weeks, according 
to the temperature, the total thickness of the cotton fabric and the oxidized oil upon it will amount 
to about J in. ; the whole piece is then known as a “ skin.” These skins should not be allowed to 
grow to a greater thickness than | in. before removal, as they then become so heavy that they are 
liable to give way, causing an interruption in the process. Part of the oil solidifies on the floor of 
the shed, forming a soft, pasty mass, called “ scum.” When thick enough, the skins are removed 
by cutting them immediately below the upper bars, allowing them to fall to the ground, and there 
cutting them into smaller pieces. The oxidized oil obtained in the above manner, is a yellow, 
translucent substance, of great elasticity, and possessing a smell somewhat resembling that of fresh 
paint. It is heavier than water, while the oil from which it was derived is lighter. It is insoluble 
in alcohol, ether, chloroform, and carbon bisulphide ; even boiling naphtha will only dissolve traces 
of it. Treated with naphtha, under pressure in a steam-heated pan, it softens without dissolving, 
and can be worked into a paste in this condition. The only action whicli dilute acids have upon 
it is to extract the small quantity of oxide of lead due to the driers. Concentrated sulphuric and 
nitric acids decompose it rapidly ; hydrochloric acid, slowly. Heated gradually by itself oxidized 
oil chars without melting; it is only when the heat is applied rapidly that the mass' becomes 
partially fused. 

The cotton tissue enclosed between the two layers of oxidized oil is found to be completely 
rotten, the vaponrs given otf by the oil during oxidation having an extremely injurious action 
not only upon textile fabrics, but also upon wood, iron, aqd mortar. Although the quantity of 
vapour evolved is very considerable, yet th^' boiled oil gains II per cent, in weight when oxidized 
in the manner described. The bulk of oxygen absorbed must therefore be very large, anB indicates 
the necessity of a plentiful supply of air in the oxidizing buildings. The slrAs, oif i^ming from 
the sheds in which they were produced, are ground between ordinary grinding ^r lyixing rollers. 
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the reaulting product being then spread out to cool upon a stone or concrete floor, in a layer of 3-4 
in. If heaped up in bulk immediately after grinding, the oxidized oil will almost infallibly char, 
or ignite spontaneously, when the temperature of the suirounding atmosphere exceeds 21° (70° F.). 
This dangerous property is probably due to the rapid oxidation of particles of oil which had been 
enclosed in the skins and are liberated by the process of grinding. The solid oil is, however, 
capable of stilf furtheroxidation ; even long after the linoleum floorcloth has been made and in use, 
the oil^ contained in it continues to harden. It may here be remarked that an asphalte floor soon 
becomes soft, when exposed to the action of oil. 

When freshly ground, the oil feels damp, but it dries in 2-3 hours, and is then ready for the 
following process. This consists in mixing it with a certain proportion of rosin and kauri gum 
(see Eesinous Substances — Kauri, Eosin). The gum, which need not be of the best quality, is first 
ground under “ edge-runners,” and sifted ; the rosin is added in lumps. The proportions for ordinary 
linoleum are ; — Oxidized oil, cwt., rosin, 1 cwt., kauri gum, 1 cwt. When linoleum of greater 
elasticity is required, the following mixture may be used, though it is rather more difficult to 
work ; — Oxidized oU, 8J cwt., rosin, 1 cwt., kauri gum, J cwt. The mixing operation is conducted 
in a steam-jacketed pan, fitted with an airtight lid or man-hole at the top, and a sliding valve at 
the bottom, capable of being opened gradually by a screw. Inside the pan, is a shaft carrying 
stirrers, the whole much resembling a vertical pug-mill, except that the gearing which moves the 
stirrers mnst be very massive, on account of the great resistance offered by the oxidized oil, 
especially at the commencement of each operation. The stirrers having been set in motion, the 
rosin is first put into the pan, and, as soon as it is melted, the ground oil and kauri are added 
alternately, in small quantities. When the whole charge is in the pan, the lid is screwed down, 
and the stirrers are allowed to revolve for a period of 2-4 hours. The steam may be turned off 
from the steam-jacket as soon as the mass has become warm throughout, as the oxidation of the 
materials suffices to maintain the temperature. A pipe leads the vapours into a furnace, where they 
are destroyed. Samples are taken from time to time through the lower valve, and, as soon as they 
appear homogeneous, the valve is opened, and the hot mixture, now termed “ cement,” is propelled 
by the action of the stirrers into a pair of cold grinding-rollers immediately beneath. These rollers 
are hollow, and, in summer, are kept cool by a current of cold water circulating through them. 
There should be good ventilation in the neighbourhood of the mixing-pan, as the hot cement gives 
off abundant fumes, which, though not disagreeable when diluted, are extremely pungent in their 
concentrated state, an 1 have a powerful irritating action on the mucous membranes. After passing 
through the rollers, the cement is weighed into pans containing 46 lb. each, this being about the 
quantity required to mix with one sack (56 lb.) of ground cork. The pans are previously 
whitewashed, to prevent the cement sticking to them. As soon as it has solidified sufficiently, the 
cement is placed on a stone floor to cool, and is then ready for use. Before mixing with the 
ground cork, the cement is warmed in a room heated to 43°-49° (110°-120° F.). The colour of the 
cement is much darker than that of the oxidized oil, the amber-yeEow of the latter having changed 
into a mahogany-brown in the mixing pan. The cement is not quite so elastic as the oxidizerl oil ; 
but is much tougher, and can be worked into any shape when heated, which is not the case with 
the oil alone. By varying the proportions of gum and rosin, the degree of hardness and plasticity 
when heated can be regulated at will. When more generally known, this substance will 
undoubtedly find many applications in the arts. For instance, its’solution makes an excellent marine 
glue, which has the advantage of being slightly elastic, and which is, of course, much cheaper than 
that made with shellac and indiarubber. At present, however, beyond its use for linoleum, it is 
only applied to making emery wheels. As it can be vulcanized, like iudiarubber, it is eminently 
suited for this purpose, especially as it does not give off such a disagreeable smell when heated as 
the latter substance does.. 

Having been sufficiently softened by re-heating, each cake of cement is out by a strong lever 
knife into four or six pieces, which are then ready for the first mixing-machine. This consists of 
three steam-heated rollers, about 9 in. in diameter, of which the two upper ones are placed level 
with each other, while the third occupies a central position beneath them. The bearings of each 
roller can be adjusted by screws, so as to regulate the feed of cork and cement. Above the upper 
two rollers, is fixed a hopper, large enough to contain a sack of cork. For this quantity of cork, 
one cake of cement is fed in at one side between the lower and the two upper rollers. It passes 
out on the other side, in the shape of thin shreds mixed with the cork. No unprotected lights 
should be allowed in this department, on account of the danger of explosion from the large pro- 
portion of cork-dust floating in the air. When lights are required, they should be placed in 
lanterns, communicating directly with the external atmosphere, and having no connection with the 
room in which this mixing-machine is*located. Tlie mixture of cement and eork-dust has also the 
dangerous property of igniting spontaneously if left in a heap in a warm place. As the vicinity of 
the steam-heated rollers generally elevates the temperature considerably, it is well not to mix at 
once more than 6ne sackful of cork with a corresponding quantity of cement. When this batch 
It* > 
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has been removed, another is commenced, and so on. On leaving the first machine, the mixed 
cork and cement are either raised by an elevator, or carried in sacks, to the second machine, in 
which they are more thoroughly mixed, and incorporated with the colouring matter. This 
machine consists of a horizontal drum, in which a spindle, furnished with beaters, works at a 
speed of about 200 rev. a minute. On the upper side of the drum, a hopper is fixed, in such a way 
that it can be closed by an iron slide, fitted into a short shoot connecting it with th<j drum. The 
capacity of the interior is such that it will contain at least one sack of cork with the necessary 
cement and colouring matter. It is fixed immediately above the next machine, the communication 
being regulated by means of a slide. The colouring matter is put into the hopper together with 
the mixed cork and cement, as they leave the preceding machine. The quantity of colouring 
matter to be added must depend, not only upon the tint which is to be given to the finished 
linoleum, but also upon the quality of the pigment itself. It is customary at present to make the 
body of linoleum of two colours — brown and red. For the brown, yellow ochre and barytes are 
used ; for the red, oxide of iron, and vegetable black. Many other colours may be produced by 
altering the colour of the pigments ; but the brown hue of the cement and cork precludes white or 
any delicate tint. As a guide, the following mixture for red linoleum may be cited : — Pulverized 
cork, 56 lb. ; linoleum cement, 46 lb. ; red oxide of iron, 17 lb. ; vegetable black, 13 oz. ; litharge, 
8 oz. 


The small addition of ground litharge, |-1 per cent., although general, appears to be merely a 
matter of routine, as excellent linoleum can be made without it. It hastens the drying of the 
linoleum, but renders it more brittle, and, for sanitary reasons, the less lead put into an article 
intended for use in dwellings, the better. 

The various materials, having been beaten about in the drum for 2-3 minutes, are transferred to 
the next machine, by simply opening the slide which had hitherto supported them. The arrange- 
ment of this, the most important of the mixing- 

machines, is shown in Figs. 710 and 711. With 

the exception that the lower part is steam-jacketed, 
it resembles a sausage-machine of great strength. 
In Fig. 711, a indicates the hopper, through 
which the material fells from the preceding 
machine. On entering, the material is seized by 
revolving knives or cutters i, which carry it be- 
tween the fixed knives c. The edges of the knives 
t are shaped like chisels, the bevelled edge being 
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turned towards the outlet of the machine d (^ig. 710), in which direction, therefore, the material 
is gradually propelled. The fixed knives c (Fig. 711) are inserted before bolting on the back-plates e. 
Between each couple of fixed knives, iron distance-pieces are inserted, the thickness of which is 
the same as that of the revolving cutters— | in. All the cutters are made of wrought, or malleable 
cast iron. The knives h are also separated by washers, equal in thickness to the fixed cutters. The 
screws / (Fig. 710) prevent the fixed knives from changing their position. The revolving cutters are 
kept in their places by a large nut g, screwed upon the steel shaft k. This shaft, as will be seen 
from the section (Fig. 711), is octagonal, the openings in both washers and revolving cutters being 
of a corresponding shape. The cutters and distance-pieces must be carefully planed and adjusted 
to prevent them from catching each other, which would cause serious damage to the machine In 
order to prevent the shaft A from shifting, it is fixed between steel pins k I, the chief thrust being 
upon 1. Both these pins are adjustable by screws. The motive power is derived from the pulley 
m. A movable pulley is necessary here, so that the machine may be stopped at once in case a bolt 
or other hard substance enters it. As shown in Fig. 710, the case, which is of cast iron is con- 
structed in two halves, united by bolts, the lower half, wCiioh is steam-jacketed, is fixed while 
the upper half can be lifted off after the removal of the bolts. Steam is only admitted for a short 
time at the commencement of work ; it is then turned off, as the heat produced by the friction in 
c the machine, and by the rapid oxidation of the material, is quite sufficient fo*' softeit the latter 
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It may even happen in summer that the heat from these sources will char and destroy the 
linoleum, in which case, cold water should be run through the hollow bottom of the machine, the 
steam pipes being supplied with a branch leading from a cistern. In passing through this 
machine, the linoleum mixture becomes very compact, and is so thoroughly mixed that the 
particles of cork and cement can hardly be distinguished by the naked eye. It issues from the 
machine belo«»and around the nut g (Fig. 710), and falls 
into ba^ets, in which it is removed to the next machine. 

This consists of a pair of ordinary mixing-rollers, as 
used in the manufacture of indiarubber. One of the 
rollers is steam-heated, while the other is kept cool by a 
current of cold water running through it. The linoleum 
adheres to the face of the cold roller, and is removed 
from it by a steel scraper or “ doctor,” which is pressed 
against the face of the roller by a weighted lever. The 
material leaves this machine in the form of thin sheets, 
in which any particles of wood or other impurities can 
be easily detected. The sheeted linoleum is then placed 
in the hopper of the next machine, which is termed a 
“ seratcher.” This resembles the preceding one, with the 
exception of the “ doctor,” which is replaced by a rapidly 
revolving cylinder, studded with numerous points, which 
work upon the surface of the linoleum adhering to the cold roller, and remove it in the shape of 
small pellets. The method of covering the scratching-cylinder is to insert wire nails into thick 
strips of indiarubber, these strips being then wound around the wooden cylinder, and secured by 
screws. The elasticity secured in this way prevents injury to the “ seratcher,” in case any hard 
substance should be introduced. 

The linoleum, as it leaves the seratcher, is in a condition somewhat resembling damp earth. 
While warm it is soft and plastic, and, if pressed into a mould while in this condition, it retains the 
shape of the mould on cooling. When cold, however, it cannot be moulded, and, if subjected to 
pressure, regains its original shape as soon as the pressure is removed. Care must be taken not to 
allow the warm material to accumulate after it has left the seratcher, as it is very liable to heat 
spontaneously, and either char in the centre of the heap or oven burst into flame. 

The next operation is to apply the prepared linoleum to the canvas, which is similar in texture 
to that used for oilcloth, and is made of jute. The width should be about 78 in., for although the 
finished linoleum is only 6 ft. wide, yet a margin must be allowed, so th.at the edges of the fabric 
may be cut accurately when finished. To prevent stoppage of the rolling-machine, a sufficient 
number of lengths of canvas for one day’s work are sewn together by means of a sewing-machine. 

The working parts of the machine used for rolling the liuoleum on to the canvas are shown in 
section in Fig. 712. The granulated linoleum, as it leaves the seratcher, is placed in the hopper a. 
The bottom of the hopper is formed by an endless web of fine wire gauze b, similar to that used in 
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paper-making. A rotary motion, communicated to the web by the roller c, carries it slowly forward 
through the steam-chest e. In the pipes of the steam-chest circulates steam at a pressure of about 
30 lb. a sq. in. The quantity of linoleum carried forward by the wire gauze can be regulated by a 
slide on the lower side of the hopper af The rollers c d jpust be kept perfectlx parallel, or the wire 
gauze would gradually work towards one side of the machine, and become damaged. From the 
carrying-wire, the linoleum falls between the rollers h i. These are steam-heated to a temperature 
of at least 101^ (2-«* F.), and their bearings are so mounted that the distance between the face of 
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the rollers can be accurately adjusted. The beat material for these rollers is chilled cast iron ; if 
their faces were too soft, any nails which might enter the machine among the granulated linoleum 
would cause an indentation in them, and a corresponding projection on the face of the finished 
fabric. Such indentations cannot altogether be avoided ; they are removed by drilling a hole of 
the requisite diameter in the face of tlie roller. Into this an accurately fitting plug of east iron is 
hammered, the top of which is then filed off level with the roller. Another disadvantage of ordinary 
cast iron is that its surface soon becomes corroded by the acrylic acid of the oxidized oil, ani^ owing 
to its coarsely crystalline structure, it becomes so deeply pitted as to necessitate re-polishing. 
Chilled oast iron, on tlie other hand, offers more resistance to corrosion, and its texture being finely 
granular, the face of the linoleum pressed against it does not become rough. 

The canvas passes from /, upon which it has been wound after sewing, over the top of the roller 
h. The object of the small guide-roller g is to bring tlie canvas, as soon as possible, into contact with 
the heated roller, in order to drive off any moisture which it might contain, and which would 
prevent the adhesion of the linoleum. The necessary tension is given to the canvas by a brake 
fixed upon /, and regulated by a weight or spring. When the canvas arrives between h and i, it 
meets the heated linoleum, which is pressed into it with great force. The thickness of the 
linoleum film is regulated by the space between the rollers. Passing round the heated roller i, the 
face of the fabric acquires an additional smoothness, and is then cooled' as quickly as possible by 
passing between the polished rollers k 1. These should be well supplied with cold water, especially 
in summer, as the face of the cloth becomes spongy if not cooled quickly. A slight pressure is 
applied between I and i, but not sufiScient to retard the passage of the cloth, or it would buckle up 
between k and i. Steel wires are suspended at each side between k and i, to cut off any portion of 
the linoleum which may project beyond the canvas. The revolving wooden roller m takes np the 
linoleum after it has passed through the cold rollers, another being substituted for it as soon as it 
is full. As the canvas is generally made in pieces of about 100 yds., this is a convenient length for 
each roll of linoleum as removed from the machine, especially as it permits the canvas to be 
separated at the joint made by the sewing-machine. At this stage the face of the linoleum may be 
regarded as finished, with the exception of seasoning and, if required, printing. The back of the 
fabric, however, is plain canvas, which is exceedingly liable to absorb moisture, and to shrink in 
consequence. This must be prevented by 
filling its pores with a protective solution 
technically known as “ backing.” The 
usual backing, and that which gives the 
best results in practice, is a mixture of 
size and pigment, which is laid on warm. 

The following compound has a glazed 
surface when dry, which is sometimes pre- 
ferred: — Oxidized linseed oil, 21 cwt. ; 
rosin, 2 cwt. 21 lb. ; Kauri gum, 105 lb. ; 
red-lead, IJ cwt. ; Venetian red, 2 cwt. 

21 lb. ; shellac, 58 lb. ; litharge, 18 Ib. ; 
naphtha, 20 gal. ; methylated spirit, 5 gal. 

The materials are mixed for about 6 hours 
in a steam-heated pan, furnished with a 
steam-tight lid above and a tap below, 
and should be continually stirred. It has 
been claimed for this mixture that it is 
waterproof, but, as a matter of fact, it does 
not resist moisture so well as the size back- 
ing, and has the disadvantage of sticking 
to the face of the cloth in hot weather. 

The backing was formerly applied by hand 
as in the manufacture of oilcloth, but the 
operation can be mnch more rapidly and 
completely performed by a machine, a side 
view of which is given in Fig. 713. The 
backing is placed in the pan a, the lid of 
which is movable, and the bottom steam- 
jacketed. The pan should never be more 
than half-full. The^ shaft ft is furnished with stirrers, whifii revolve in the backing, and prevent 
the pigment from settling. Through the tap c, the backing falls upon the back of the^linoleurn f 
and is distributed roughly upon it with the help of a trowel. The cloth is, carrier' upwards by 
means of a roller, covered with carding wire, which works against its face. The spreader d is steam- 
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heated, in order to keep the backing liquid, and is fitted with a steel scraper, which presses the 
liquid into the canvas, and removes all excess. The quantity of backing spread upon the cloth is 
regulated by the screw e raising or lowering the roller g, upon which the face of the linoleum 
runs. The roll of linoleum h is inserted as it arrives from the rolling-machine. The linoleum is 
allowed to hang for about 12 hours, or till the backing is dry, and is then ready for printing, or for 
seasoning if i*3i3 to be used plain. 

The seasoning buildings or stoves are about 30 ft. in height, and are furnished with heating 
apparatus, so that the temperature may be kept at about 21° (75° F.). The clotli is bung in loops 
or bights upon racks, each bight being supported on battens. Fig. 714 shows the arrangement of 
these battens, A being a top view 
and B a section of part of a 
“ bay ” or division in a season- 
ing stove ; a is the batten, the 
construction of which is shown 
in C. The material is thin sheet 
iron e, each end being filled up 
and strengthened by a piece of 
wood, fastened by the nails or 
screws /. These battens are not 
made perfectly straight, but have 
a slight curve or camber upwards 
when in place. The amount of 
camber is so calculated that as 
soon as the linoleum is hung 
upon the battens its weight 
straightens them. If the battens 
were made quite straight in tlie 
first instance the weight of the 
fabric would depress them in the 
centre, producing a convexity of surface in the linoleum, which would prevent its lying flat. The 
camber of the battens must be tested periodically with a templet, as the iron is liable to become 
bent. All lateral movement of the battens is prevented by the laths c. Wooden battens have been 
used, but they frequently crack and warp, owing to the high temperature in the buildings. 

The method of hanging from battens, although most prevalent, has several disadvantages. The 
linoleum, especially when fresh from the rolling-machine, softens, on account of the higli temperature 
to which it is exposed, and its weight stretches the top part of each bight. For this reason the 
height of a “ bay ” should not exceed 25 ft. It is very difiicult to maintain a uniform temperature 
at both top and bottom of so high a building as a seasoning stove, the consequence being that the 
upper part of a bight will be the more thoroughly seasoned, unless the position of the cloth be 
reversed during the process. Flat, horizontal racks have been adopted to avoid these defects. 
They are constructed of hoop-iron, the racks or trays for the reception of the cloth being about 3 in. 
apart. The pieces of linoleum are drawn into them by a rope, which may be driven by a small 
winding-engine. For plain linoleum these flat racks have proved successful, but with printed goods 
they are very liable to smear the wet paint during the drawing in. 

The linoleum which is intended for printing must first have its edges trimmed. This is done 
upon long tables, the sides of which must be perfectly true. A straight-edge runs along the side of 
the table, and carries a knife-blade, which cuts off the irregular margin of the cloth. The cuttings 
produced in this way, as well as all other scraps of linoleum, are separated from the canvas by 
hand, and are used, with an additional quantity of cement, for making stair-cloth. For printing 
by machine, several lengths of linoleum are joined by narrow strips of calico, covered with glue, 
and applied with the aid of a hot iron. 

Hand Printing . — The blocks for printing floorcloth are made of at least three layers of well- 
seasoned pine, glued together so that the grain of the wood in one layer runs at right angles to tiiat 
in the adjoining one. The total thickness of each block is 2-2 J in. according to width, it being 
essential that the block should be perfectly rigid, while it must not be too heavy for the printer to 
lift with one hand. The face is made of sycamore or pear-wood, preferably the latter. For each 
colour in the pattern, a separate block is required, and, in addition, there is usually an outline- 
block and a “ smash ’’-block. The latter covers every colour except tlie outline, its object being to 
distribute the paint uniformly. When any pattern contains a large surface of colour, the smash- 
block is indispensable, as without it tl* paint will remfyin raised in the centrq of each field, owing 
to the suctmn produced by raising the block. The smash-block is prevented from clogging, by ' 
beating it upon a clean pad, so soon as the paint begins to choke up the open spaces. The outline- 
block is appHad irhmediately after the smash-block ; it gives a finish to each field of paint, the i 
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edges of which would otherwise present a ragged appearance. For ordinary goods, the printing 
surface of the block is still made of wood ; for finer work, metal is indispensable. The “ dot ” 
patterns for oilcloth are produced in a very simple manner. The pear-wood or boxwood face of 
the block is divided into small squares, by means of parallel saw-cuts, crossing each other at right 
angles, and penetrating to a depth of about J in. Tlie pattern is transferred to the surface of the 
block thus prepared, and those squares not included in it are cut away. It need hardk/ be remarked 
that patteru.s printed with such blocks present a dotted appearance, and, for this reason, they are 
only suited for oilcloth where the whole of the surface is covered with paint, and are not adapted 
for linoleum, where part of the surface remains plain. 

For the commoner kinds of linoleum, and similar fabrics, the blocks used are made as follows ; — 
The outline of the pattern is transferred to the pear-wood face of the blocks, and those parts of 
the wood which are not required for taking up the paint are removed by means of cutting instru- 
ments of vaiious shapes. If the raised portions remaining be of conbiderable area, they are grooved, 
in order to distribute the paint more evenly. Such grooved wooden blocks possess, however, but 
little durability, and are in such constant need of repair that, where a large quantity of goods of 
one pattern have to be printed, it is more advantageous to construct the face of metal. The 
metal used is brass, about h in. wide, of a wedge-shaped section, and of different thicknesses 
according to the work for which it is intended. The pattern having been drawn upon the pear- 
wood face of the blocks, those parts which are to receive the paint are furnished with parallel 
lines, similar to the shading in a wood-cut, hut on a much larger scale. Incisions are made along 
these lines with the help of small, thin, chisels, and the metal, having been cut into pieces of 
a suitable length, is driven in. The pieces are first perforated at short intervals with J-in. boles, 
to aftbrd a passage for the air in raising the blocks, and thus prevent inequalities in the paint 
due to suction. In hammering in the metal, a small block of steel, whose thickness equals the 
lieight of metal required, is placed upon the wood. The hammer is stopped by the steel as soon 
as the brass is driven in far enough, and uniformity in height is secured. Tire distance apart 
of the parallel lines is regulated by the thickness of the metal to be used, and this again by the 
area of tlie printing surface on the block. For curved lines, the metal is bent by hammering it 
with steel punches of various curves upon a block of lead. When the whole block has been 
metalled, the face is grouml down upon a fiat sandstone and smoothed with lump pumice. When 
a block is heavily metalled, it is sometimes necessary to drive small nails into the pear-wood face, 
to prevent it from yielding under the lateral pressure caused by the insertion of so many metal 
wedges. 

To secure an accurate fit, or “ register,” as it is termed, the outline-block is usually finished 
first, and the pattern is printed from it in lithographer’s ink upon a smooth surface of floor- 
cloth. While this ink is still wet, a fresh block is laid upon it, pressure is applied by means 
of an ordinary screw-press, and the pattern will be found transferred to the surface of the pear- 
wood. This process is repeated with other blocks, as many times as there are colours in the pattern. 
To keep the blocks in good condition, it is essential that they should be cleaned before the paint 
has time to harden upon them. This cleaning is best effected by washing them in coal-tar 
naphtha, with the aid of stiff scrubbing-brushes. Naphtha containing petroleum-spirit should be 
avoided for this purpose, as its solvent ]K)wer is much less. Spirit of turpentine is sometimes used • 
this is both more expensive, and more injurious to the workmen, who are constantly exposed to its 
vapour. Once the paint has been allowed to dry upon the blocks, they can only be cleaned by the 
slow process of scraping each separate little piece of wood or metal. They should be kept in a dry 
room, protected from sudden changes of temperature. If exposed to damp, they are liable to warp, 
and become useless for printing on flat surfaces. In band printing the printer stands between two 
tables, one covered with as many pads as there are colours in the pattern to be printed, and another 
supporting the floorcloth during the operation. The pad-table is generally furnished with a shelf 
for the paint-pots. The width of the printing-table slightly exceeds that of the blocks ; its length 
depends upon the width of the fabric to be printed upon it. Figs. 715 and 716 give’ a section 
and front view of part of a table for hand printing. The surface is padded with several thick- 
nesses of flannel, or one of felt, and is then covered with a piece of oilcloth or thin floorcloth At 
the sides, are hand-punches and pins I, by which is regulated the length of fabric pushed forward 
each time. There are two methods of ensuring accuracy in the “register” of the impressions 
One is by driving pins into the comer of the face of each block ; these, being in a prominent 
position, can he seen by the printer as he lowers the block, and as the pins of the first block leave 
small dots of paint upon the printed surface, it is easy to adjust the following ones. Should the 
small dots not be covered by tbe outline-block, they are removed by a palette knife while still wet 
Another and preferable method is to fi:r, across that si(ft of the table next to the printer a 
J-shaped bar of steel or iron n. Upon the upright edge of this bar, fl-shaped stops arq adjusted ’by 
screws, at intervals corresponding with the width of the blocks. One side of each block is 
* furnished witli two projecting metallic pegs, and if the printer brings these pe^s intd contact with 
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the fixed stops before lowering the block, an accurate register is ensured. Along the whole length 
of the table, and higher than the head of the printer, run two strong beams q, between which hangs 
the press. This is suspended so that it rests upon small rollers, which run on iron rails screwed to 
the upper surface of the beams. The frame of the press is furnished with cross-pieces, which catch 
the beams as soon as pressure is applied, and prevent the press from rising. The press itself is a 
simple screw j^ess, with a single 

short Ijver The pitch of the tis. 7i6. 

screw p- is so adjusted that about 
J turn of the handle sutEces to 
exert the whole pressure. A 
spring p* is inserted to cause the 
bottom of the press p^ to rise 
instantly when the handle is 
released. That part of the press 
wliich touches the blocks turns 
on a swivel, and has two pro- 
jections on its lower side, each 
of which falls on one side of the 
block ; the pressure is thus 
equalized. A short leather strap 
is nailed to the hack of each 
block, forming a loop, under 
which the printer passes his 
hand, for the purpose of lifting 
the block. 

The pads are covered in the 
same way as the printing table. 

The colour is spread over them 
by means of paint brushes, and, 
in order to save the printer’s 
time, this part of the work is 
generally performed by boys. It 
may here be remarked that, on 
account of tlie large proportion 
of lead contained in most of 
the paints, the greatest cleanli- 
ness is necessary in this department ; the hands and face especially should not be brought into 
contact with the pigments, and beginners should be warned as to the possible results of carelessness. 
In distributing the colour over the face of the pad, care must be taken to ensure uniformity, as the 
slightest inequality would show on the printed siuface. The block must be laid perpendicularly 




upon both the colour-pad and the fabricate be printed, as the least lateral movement would suffice 
to destroy the accuracy of the impression. Where any err^r in the printing has' occurred, the paint 
is removed by a palette knife while still wet, the surface of the floorcloth is cleaned with naphtha 
or spirit of turjisntine^nd a piece of tow, and a fresh impression is made. The paint as used has 
about the consistence of treacle, and, if kept for any length of time, it should be covered with 
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water, which prevents the formation of a sMn over the surface. The oil used for mixing the 

paint is composed of equal parts of boiled and raw linseed oil. Both these should be allowed to 

settle in tanks for at least ^ ^ 

719 

B montli before use. The 

proportion of driers to be ^ 

added to the paint de- S " ' S 

pends to a great extent ^ i 

upon the nature of the . 

pigment. For ordinary ~~IZ^ZZZZIZZZZZIZZZZ!_— - 

dark paints, ground lith- 
arge is used; for white 

and the more delicate 

tints, acetate of lead I | a | , 

(sugar of lead) is neces- I 

sary. Although a large 

proportion of driers 

hastens the solidification I'll 

of the oil which forms the //A 

medium of the paint, yet 
the film produced is not 

so elastic or so durable as 4 

when a smaller quantity J 4^ 

is used. Eaw oil alone IT"! " Ir j . 8 

gives a much better film I S i_ti , -1 

than boiled oil ; but an 1 L ^ ^ i 

addition of the latter is // I'H i 

necessary to meet the il ; . ; i-l i 

practical requirements of F 'll— tu-j ^ * j * i 

the case, raw oil drying c=r=te^=[ "* • ' 

Before pouring water ^ I \ — '• _, * ' 

on the surface of the '' In. ^ 1 1 j-i" 

mixed paint, the brushes 1 1 ^ ^.. ■ || C ^ 1 i > 

should be removed, and „j / ~ ^ J *1 ifl 

immersed in oil, to keep " || J L t 

them from drying, as ift ^ ^ZCJ t ' > f ' ^ ' 

water softens the glue J I ^ \ ^ fs ' -i I ‘ ' 

with which the bristles r*^ sJ / ^. «, r 'ii'^ '• 

are fastened, and loose | p S ' - j|( | i , 

hairs may then be trans- ^ ^ ■*■■ 4t-i • 

ferred to the blocks. ~ j . 

Although paint- ^ i : 

brushes are still usually ii ' j f 

employed for distributing — •vr-dTfl'nyi : It ,- 

the colour on the pads, »— “S— y_ H 5, | |J 

yet a species of “ doctor ” ^ •• ' f J 

or scraper has recently \ ^ ’ ' ' 1 ' , - r 

been introduced, which l/ ' ° _ ! i f*TUr;-| ^ 1 ” I 

threatens to supplant ^ t ' ■ • ■ '] ■ ' ■ ..■ q , _ :. 'j . 

them entirely for this Uxljj o 

purpose. Its construction 

is shown in Figs. 717 to 719: a is a bottomless trough, slightly I. 

shorter than the colour-pad upon which it stands, but longer than 

the block to be supplied with paint ; it is constructed of sheet iron - i 

or steel, and one edge d is seirated, or rather famished with teeth i "* ^ 

like a comb. The paint is poured into the trough as it rests upon the L ppt-y jJ 

pad, and would run out through the spaces between the teeth, were = 

it not prevented by the outer plate b. This plate, the lower edge ^ H 

of which is rounded off to prevent injury to the surface of the 
pad, can be so adjusted as to regulate the quantity of paint passing 

beneath it. The bolts c are furnished with eccentrics, which act upon one of thfc plates only, 
so that by turning them, the outer plate or “doctor” is raised or lowered rt pleisure. In using 
this trough, paint-brush of any kind is needed. The paint can bo kept in a can, "and poured ont 
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as r^nired, and the pads are cleaned with a palette knife after use. The only alteration reqnired 
in the pads is a narrow ledge about ^ in. high on the upper side, to prevent the paint running off 
Machine Many attempts have been made to print floorcloth by machinery; but their 

success has, with one exception, been only partial. All cylinder-machines are precluded, because 
m order to ensure durability, the paint must be laid on thickly, and while the cylinder is re’- 
volving part of the paint runs downwards on its face, rendering one part of the impression thicker 
thm .inother. Even machines which closely imitate the movements of hand printing have 
defects: e.g. they cannot be worked at a high speed, the paint being liable to splash when the 
blocks are raised too quickly. For simple patterns, the following machine has been found to work 
well m practice. Pigs. 720 and 721 are side views, and Fig. 722 is a transverse section of it. 


721 . 



The iron framework a is so mounted upon wheels x, that the whole machine can be moved from 

communicated to the shaft 

6 , which, in Its turn, se s m motion the shafts 6 . 6 , 6 ,. These shafts carry the cams c, c, C 3 , which 
serve to depress the blocks as reqnired. The smaller projections on the cams press blSs 
down upon the surface of the pads whicli supply them with paint, while the larger projections 

The frame A, ^3 h, which bears the blocks g,g„ slides up and down on the fixed guide bars 
a, 03 . The rods e, C 3 are furnished with set-screws, by means of which, their length and 
consequently the level of the blocks, can be adjusted. The weight of the frames and blocks is 
counterbalanced by the weights k,. Weighted levers, with adjustable weights, can be 
advantageously substituted for these hanging weights. The floorcloth upon which the pattern 
IS to be printed enters the machine over the roller 0 . Atp, it meets two punches, which punch 
l-in. holes in the margin of the cloth. A front view of these punches is given in Fig. 723 ^-hey 
descend at the moment when the fabric is stationary, for the purpose of receiving the impressiorof 
the blocks. As the cloth progresses, it reaches the roller q, which is provided with holes 
corresponding with the pegs f, upon which the fabric is thus firmly fixed. A preferable meS 
of doing this IS by substituting a second couple of hollow punches for the perforated roller q 
These punches press the cloth tightly upon the pegs, where it remains until it has passed tbrou.^h 
the machine. The pegs are fixed in the steel band f. in the manner shown on the left in F^g 72T 
which is a transverse section of the band lying in the groove cut for it in the bed of the ’ 

The illustration on the right of Fig. 724 gives a side view of one of the pegs The sL“ tends 
one on each side of the machine, afibri^a means of keeping the fabric rigid wLle f . 

and enable it to be adjusted accurately at the moment^of printing. The forwa J motion 
mnnicated ta the cloth from the shaft h\ through the rod stend lever s> The final a ,t 1 
effected by tlicpluraer t which enters a recess in the ratchet-wheel r, and remains therfwMe the 
blocks are descending; t also derives its motion from the auxiliary shaft 6 ', throngk the rod f and 
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lever The bed of the machine, upon which the cloth is drawn forward, is rendered elastic by 
means of several thicknesses of flannel, covered with oilcloth or thin linoleum. The printing- 
blocks jr, ^ 3 , which are of the same constmction as those for hand printing, but slightly stronger, 
receive their colour from the pads «. These are padded and covered in the same way as for 
hand printing, and slide backwards and forwards on the guides The motive power is com- 
municated to them by the chains », whose stops c’ catch the projections on the framework 
bearing the pad. The chains are carried by the wheels ic, Wj, to which their ends ara fixed. 
The reciprocating motion is produced by the mangle-wheel w, which is driven backwards and 
forwards by the pinion x. _ 

This, in its turn, derives its 
motion from the wheel y> 
with which it is connected 
by a universal joint : x works 
alternately on the inner and 
outer side of the mangle- 
wheel w, and thus causes 
the pads to advance and 
retreat as required. The 
space between the stops 
allows the pads to pause at 
the end of their motion, 
while the blocks are de- 
scending upon them. To 
diminish the shock caused 
by the sudden stoppage of 
the pads and their frames, 
indiarubber cushions, or me- 
tallic springs, are fixed at 
each end of the slide upon 
which they move. The 
colour - pads are supplied 
with paint from the troughs 
z, which are provided witli 
two scrapers, capable of ad- 
justment to regulate the 
flow of colour. The form of 
scraper used for hand print- 
ing (Figs. 717-719) has been successfully adapted to this machine. 

Where patterns containing large surfaces of colour are to be 
printed, it is advisable to give the blocks a very slight rocking 
motion, while in contact with the printed surface; by this means 
the paint is evenly distributed. When the cloth has passed through 
the machine, it is raised, by means of a roller covered with oarding- 
wire, to the top of the drying-stove, in which it is arranc'ed in 
bights by hand. To avoid the damage occasioned by the wet 
painted surfaces coming into contact with each other when not 
racked off accurately, the printing-machine is furnished with a 
simple apparatus, which makes a mark upon the margin of the 
cloth, at intervals corresponding with the height of the drying 
buildings. The men entrusted with the racking-off of the cloth 
have then only to bring each mark upon the top of a batten, and 
all loss from the above source is avoided. A machine of this con- 
struction for six colours can print 15,000-18,000 sq. yds. weekly, and 
requires the attendance of two men and a lad, as well as two men 
for racking-off the cloth when printed. 

After printing, whether by hand or machine, the cloth is run over rollers in+n ri, 
stoves where it is seasoned in the same way as plain linoleum. When sufficiently matureTth! 
printed cloth is removed to the trimmmg-room, where the edges are cut straight hv hn a lu 
help of straight-edges of iron or steel. T^e surface is al^ well washed with scan “d "'f 
remove the dust which has accumulated during the various processes Fich • ^ 
face inwards upon a round pole, and is ready for use. ^ P'®"" i.® 

In laying down linoleum, it is advisable to cement the ed^es to the floor » 

this purpose isr^ thick solution of shellac in methylated , spirits of wine. ' A^sm^l proportion 
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rosin 13 sometimes added ; but tliis does not improve the quality, however much it may diminish 
the price. 

In addition to its use for covering floors, an attempt has been made to employ linoleum as a 
covering for walls. A compound consisting of linoleum, cement, and wood-fibre (instead of ground 
cork) has lately been introduced under the names of “linoleum muralis” and “lincrusta.” Tiie 



ease with which this material can be moulded and embossed would render it peculiarly applicable 
to decorative purposes, did it not possess grave defects from a sanitary point of view. Wall 
coverings made of it are quite impervious to air and prevent that infiltration of air through the 
walla of a room which is so essential to the well-being of its occupants. Besides this disadvantage, 
linoleum cement has a smell sui generis, which 
will sometimes last for years, and is not 
adapted to improve the air of a room, whose 
walla are covered with it. Another objection 
to the linoleum muralis is the large amount 
of lead it contains, although this defect might 
perhaps be remedied. 

Corticine. — Cortioine much resembles 
linoleum in its composition, the chief difference 
in the manufacture being the method of 
oxidizing the linseed-oil. For making corticine, the oil is boiled at a high temperature, until it 
begins to thicken. It is then mixed with the ground cork, in the same manner as linoleum cement. 
There are two disadvantages in this method of oxidizing the oil. In the first instance, there is a 
considerable loss of weight, while there is a gain by the method used in making linoleum. The 
second and more serious defect in this process is the peculiar, sickly smell acquired by the oil 
during thickening. This odour is characteristic of corticine. and affords a ready means of dis- 
tinguishing it from linoleum, from which it differs but little in other respects. Although the 
disagreeable smell of thickened oil can be easily removed at an early stage of the manufacture, this 
does not yet appear to have been doue on a large scale. 

Boulinikon. — Bouliuikon is also a kind of floorcloth in which oxidized linseed-oil forms the 
matrix. It may be described as a coarse felt, made of various fibrous substances, and saturated with 
linseed-oil. This oil is oxidized by heating the material in stoves at a much higher temperature 
than that necessary for either liuoleum or corticine. During the operation of stoving, very large 
quantities of acrolein are given off, while the oil itself becomes tough and hard. 

Kamptulicon; Cork Carpet. — These are composed of comminuted cork, cemented together 
by indiarubber. Waste indiarubber of various kinds is first converted into a paste, by means of the 
ordinary solvents (see Indiarubber Manufactures). This is then mixed with tlie ground cork, 
in ordinary mixing-rollers. The mixture is roiled out into a sheet, which is afterwards vulcanized. 
Patterns can be printed upon it in the same way and by means of the same apparatus as are used 
for linoleum or oilcloth. In laying down kamptulicon, the whole of the lower side should be 
cemented to the floor with indiarubber cement, but even with this precaution, it will sometimes 
spread under the feet, producing the appearance known as “buckling.” Owing to the high price of 
indiarubber. kamptulicon is being rapidly superseded by those floorcloths in which an elastic 
cement containing linseed-oil is substituted for the indiarubber. 

(See Cork ; Oils.) W. F. E. 
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FOOD PEESERVATION. 

The art of preserving food in a fit condition for human consumption has probably occupied 
men’s minds from very early times ; I^t it is only within quite recent years that the subject has 
attracted scientific attention, and has grown from a domestic to a commereia’l scale. The curing 
of bacon, the preserving of fruit, and the making of pickles, are all strictly included under the 
heading of thU ar*^?^ ; but the object here will be to avoid such matters as may be found in any 
handbook of cookery, and to confine attention to the processes which have been devised and executed 
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on a wholesale basis, and which, collectively, exercise a most important influence upon the food-supply 
of the United Kingdom. For convenience of reference, the subject may be divided into the following 
heads : — Dairy Produce ; Fish ; Fruit, Grain, and Vegetables ; and Meat. 

Dairy Produce.— This heading embraces eggs, milk, and butter. 

Eggs. — The best method of preserving eggs in a fresh state for an indefinite period is by the 
exclusion of air and moisture, and the application of an antiseptic. The eggs, as taken from the 
nest, are coated with butter (or other sweet animal fat) containing 2-3 per cent, of salicyKc acid, 
applied by a little wool. Each egg is then placed in a box containing sawdust, which has been 
dried, even to scorching, then poured into tlie box, and allowed to cool perfectly. The eggs should 
not touch, and should be quite covered with the sawdust, and the box should be nearly air-tight. 
Ordinary methods are (1) Scalding; (2) short immersion in silicate of soda. 

Mii.K. — Milk may be kept sweet in the pans for a short time by the addition of a little borax. 
For its preservation for lengthened periods, several processes are in vogue. 

Condensed Milk. — The compound known as “ condensed milk ” is an illustration of the application 
of the drying or desiccation theory, accomplished by evaporating the excess of moisture, adding 
sugar, and packing in hermetically sealed vessels. The milk, as received from the dairies, is placed 
in vessels having a capacity of 750-1000 gal., where it is maintained at a slightly raised temperature, 
by means of steam-heat, and undergoes evaporation in meuo. The duration of the process varies 
from 2 to 5i hours. Eefined sugar in powder is added in the proportion of about i by weight of 
the total condensed product ; and when the mass assumes the consistency of thick honey, it is put 
into tin boxes, and hermetically sealed. The proper conduct of the operation is by no means easy. 
There is much danger of a decomposition of the easeiue in the presence of heat and sugar, especially 
if the milk has been in the slightest degree “ turned ” ; aUo much of the fatty constituents will 
distil with the water, if the temperature is allowed toexceed SS^ (100° F.). Attention has recently 
been called, in the An dyst and elsewhere, to the fact that these unfavourable conditions do 
frequently come into play, and that the loss of nitrogenous matter by decomposition, and the loss 
of equally important fat, partly volatilized, partly decomposed, so generally sustained by condensed 
milk, render it unfit to replace new milk in the nursery. Small quantities are prepared (almost 
solely for the American market) without the addition of sugar, in which case the evil is lessened ; 
but the product does not keep so well. 

Mahrun’s process. — This simple process was probably the foundation of the preceding. The milk 
is warmed at a moderate temperature, in a tin vessel, furnished with a leaden tube, for the expulsion 
of the air. The tube is then compressed, and the orifice is soldered up. After 6 months’ keeping, 
the milk is as good as new. The process received a prize of 1500 fr. from the French Academy of 
Sciences. 

Morfifs process. — In 1 gal. of milk at 55°-60° (I30°-H0'’ F.), is dissolved 1 lb. of gelatine ; the 
mixture is left to cool to a jelly, when it is cut into slices, and dried. The compound is used to 
gelatinize more milk, and this is repeated till the gelatine is in the proportion of 1 lb. to 10 gal. 
of milk. 

Butter. — The Aylesbury Dairy Co. are the proprietors of a preservative for butter, the composi- 
tion of which is kept secret. Butter preserved witli the compound has remained good for more 
than a year, under most trying conditions. The process should be the means of introducing large 
quantities of fresh butter from distant pastoral countries. 

Fish.— Before alluding to recent processes for preserving fish in a fresh state, some space may 
be devoted to the ordinary methods of curing fish. 

Herrincjs.—Doe, fish are spread on a floor, and sprinkled with salt ; when sufficiently salted, they 
are thrown into large vats, and washed. Each fish is then threaded through the gills, on long thin 
spits, holding 25 each. These are hung upon trestles in the smoking-room, where fires of oak- 
boughs are kept smouldering. For “bloaters,” to be consumed in England, the smokini^ lasts 
about 24 hours ; “ red-herrings ” for export are salted more, and are smoked for 3 or 4 to 40 days, 
usually about 14 days. “ Kippers ” are taken while fresh, and split up. They are then washed' 
and thrown into vats with plenty of salt for a few minutes ; finally they are spread out on tenter- 
hooks on racks, and hung up for 8 hours’ smoking. 

Oysters.— A method of preserving oysters is adopted by the Chinese. The fish are taken from 
the shells, plunged into boiling water for an instant, and then exposed to the sun till all the 
moisture is removed. They remain fresh for a long time, and retain their full flavour. Only the 
fattest can be so treated. Oysters are also largely “ canned,” much in the same way as salmon 

/Salmon.— The fish are beheaded and cleaned, and cut by a series of knives into the right lengths 
to fill 1-lb. cans. Wfhen these have been filed to within ifn. of the top, the covers are put on and 
soldered. In an air-tight condition, the full cans are passed to the boilers, vats measuring 
5 ft. X 4 ft. X 4 ft., where they are steamed for 1 hour. They are then taken out and cooled. A 
, smaU hole in the centre of each lid, hitherto remaining soldered up, is openbd by liviplying a hot 
iron, and the«ir and cooking-gases are allowed to escaije. The cans are then ^Mtantaneously 
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made air-tight again, and are boiled for two hours in a bath of salted water, the salt being added to 
raise the boiling-point. They are then left to stand till quite cool. 

Sardines. — The beheaded and cleaned fish are spread upon sieves, and plunged for 1-2 minutes 
beneath the surface of boiling oil in coppers. After draining a little, the fish are packed closely in 
tin boxes, which are filled up with pure cold oil, and soldered. The quality deteriorates with every 
immersion, owing to the matters disengaged by the boiling oil, and the coppers need frequent 
replenishing with oil. 

Shrimps. — To preserve shrimps in a dried state, they are boiled for J hour with frequent 
sprinkling of salt ; then spread out on hard dry ground, with frequent turning, to dry and bleach 
for 3-4 days. They are then trampled to remove the shells, and are winnowed and bagged. 

Eckart’s process. — This consists in the application of an antiseptic under great pressure. The 
antiseptic solution is made by adding 33 lb. of salt, and } lb. saltpetre to 100 lb. of water; and i lb. 
of salicylic acid to 100 lb. of water. A mixture is then made of 75 parts of the salt solution and 25 
parts of the salicylic acid solution. This is applied under a pressure of at least 12 atmos. The 
goods are then packed in barrels or cases, and surrounded with gelatine, to exclude the air, and 
prevent desiccation. The fish keep good and retain their flavour for 10-14 days. The same 
process is applicable to meat, game, &c. 

Eefrigeration. — This process, described further on under Meat, is equally applicable to all kinds 
of fish. 

Fruit, Grain, and Vegetables. — For the preservation of grain, no further precautions are 
necessary beyond gathering it when ripe, and keeping it dry. The preservation of fruit and 
vegetables may best be studied under the three heads of desiccation, pickling, and cooking. 

Desiocatiox. — The simplest form of desiccation is by ordinary sun- and wind-drying, as conducted 
in hay-making. The next step is by radiated sun-heat, as in coffee-drying (see Coffee) ; a further 
advance is made by the application of artificial heat, as in hop-drying and tea-drying (see Hops, 
Tea). The primary object in all these cases is the removal of the water mechanically present, and 
without whose presence, fungoid growths and decay cannot exist. As a cm'ative agent simply, the 
application of heat is, however, unnecessary and injurious, causing a partial destruction of the 
flavour, and more or less fermentative change. Research has proved that, between the limits of 
0° and 15^ (32° and 60° F.), vegetable substances retain their flavour and all other qualities, while 
giving up their moisture, no fermentative action being engendered. This has led to the adoption 
of the 

Cold-hl'ist system. — The fruit or vegetables are deprived of moisture by subjection to dried air 
at a low temperatiue. The air is compressed in a ch, amber containing chloride of calcium, or any 
other compound possessing strong dehydrating qualities. Chloride of calcium is in practice 
probably the best, as it so readily gives up the absorbed water on being heated. The compressed 
and dried air is then admitted into a chamber containing the substances to be treated. The 
e.xpansion lowers its temperature somewhat, which should be maintained between 32° and 60° F. 
The substances are distributed throughout this chamber on perforated trays, so as to be fully 
exposed to the current of cold dry air passing through. All the moisture is thus removed, without 
the least detriment to the flavour, colour, and other virtues of the substance acted upon. The 
process has a great advantage over hot-drying, both in the cost entailed and the result achieved. 
Fruit and vegetables thus prepared, and packed with ordinary care, remain good for an indefinite 
period, and resume their natural shape and dimensions when placed in water. 

Hot-air process. — Great quantities of vegetables continue to be- prepared by this process, which 
has been in use for some time by Whitehead, and other well-known firms. A common method of 
conducting the operation is as follows : — The fruit or vegetable is pared and cored, if necessary, 
and then finely shredded. The shreds are spread on galvanized-iron wire screens in the evaporator, 
a 3-storeyed chamber, through which passes a ciu-rent of air heated to 116° (240° F.). The screens 
rest on endless chains, that move upwards at intervals of 3-5 minutes, when a fresh screen is put 
on below, and a finished one is taken off at the top. The evaporation is very rapid. The cores 
and peelings of apples, &c., are made into vinegar. 

Another plan is by means of a vacuum-pan, heated to 49°-77° (120°-170° F.). The air is dried 
by passage over chloride of calcium. The operation occupies 20 minutes. 

Masson and Gannal’s process. — Vegetables are submitted for a few minutes to steam at 70 lb. a 
sq. in., then dried by air at 100° (212° F.), subjected to hydraulic pressure so as to form tablets, 
and, when required for use, are soaked in cold water for 5 hours. 

Carsten’s process for Potatoes. — The potatoes are peeled and cut into discs, and are scalded by 
immersion in nearly boiling water. They are then dried hard in an oven. To preserve the white 
colour, they are treated with water, Acidulated with 1 per cent, of sulphuric acid. They are 
then washed in cold water, and dried. 

Quick-lime J'or Potatoes. — For preserving potatoes in store, the floor is sprinkled with fine 
quick-lime ; Ihis is covered with a layer (4-5 in. thick) of potatoes ; this by a sprinkling of quick- 
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lime again, and so on, nsing the lime in the proportion of about 1 measure to 40 measures of 
potatoes. This method checks disease when it is present, and improves the potatoes if they are 
watery or waxy. Layers of straw and powdered plaster of Pans may be substituted for the 
lime. 

Sacc’s process. — Saco’s process for preserving vegetables is as follows: — The vegetables are 
warmed to destroy their rigidity, and are then packed in barrels, and sunoundeS with J their 
weight of acetate of soda in powder, by which their moisture is absorbed. In summer, the attion is 
immediate ; but in winter, it may be necessary to put the barrels into a room heated to 20° (G8° F.). 
After 24 hours, the vegetables are removed, and kept in a dry atmosphere. For use, they are 
soaked in cold water for 12 hours. 

Cooking. — The preservation of vegetables by cooking them in sealed cases is dependent upon 
the destruction of all organic germs by the heat of the boiling, and the perfect exclusion of air. An 
example of the simplest form is the 

Canning of Tomatoes. — The fruits are scalded to loosen the skin, and then dipped in sieves into 
water, heated by injection of steam, for J minute. They are then skinned, and picked over, and 
passed into the steamer. Thence they fall into the hopper, and are fed by the “ stutfer,” a cylinder 
worked by a treadle, into the cans. The filling of these is adjusted by boys, and they are sealed 
up. The cans are then boiled for 2 hours, then partially cooled, the air is let out by a pin-hole, and 
they are immediately soldered up, and the cooling is completed. 

Many other vegetables are canned in a similar manner. Those which have a green colour lose 
it during the operation, by the destruction of the cblorophyl. The same remark applies to those 
dried by heat. The green colour may be replaced by adding a solution of ehlorophyl, exhausted 
from other plants ; or the natural colour may be retained by treatment with alkaline earths, according 
to Possoz, Biardot, and Le'cuyer. 

Pickling. — In piokliug vegetable substances, advantage is taken of the curative properties of 
acids, alcohol, sugar, saltpetre, salt, &o. 

By Acids. — Curing by means of acids, as acetic acid, vinegar, &c., is the process commonly known 
as “pickling.” In the ordinary way, the vegetables are kept soaking for a long time in brine, and 
are then pickled by acetic acid. An improved method, by which months of time are saved, is to 
exhaust them under an air-pump, and then to force in spiced vinegar under a pressure of 45 lb. 
a sq. iu. 

By Alcohol. — This is too expensive for commercial purposes. An example is the preservation of 
cherries in brandy. 

By iSwifa)-.— Sugar is very largely used for preserving fruit in an edible condition, either in bulk, 
or in separate pieces. 

Marmalade. — The manufacture of marmalade is a type of the process carried on in bulk. The 
peel is removed from the oranges, and their pulp is squeezed, to liberate the juice. The peel is 
softened by steaming, and is then sliced by revolving knives. The pulp is boiled, and then passed 
through a “ se.archer,” to remove the tough skin and pips. The juice and sliced peel are then 
mixed and boiled with lump sugar in steam-jacketed copper pans. Wherever possible, the appliances 
used are of oak. 

Candied Fruit. — The “ candied-peel ’’ of citrons, lemons, and oranges, is thus prepared. The 
fruits are placed in vats, and boiled till soft enough to absorb the sugar. The pulp is then entirely 
removed, and wasted, no attempt having been made to utilize it for the production of essences, or 
vinegar. The peel is put into tubs, and treated with hot syrup of sugar fur 10-14 days. It is then 
dried on sieves, in a room heated to 38° (100° F.). It is finally candied by immersion in a boiling- 
limpid syrup of sugar, left to drain on a sieve over the pan, and again hot-diied and packed. Whole 
fruits are prepared in a similar manner. 

Meat.— Dr. Kichardson says that putrefactive changes in meat are due to the decomposition of 
the water contained in the tissues. The means which have been found to arrest this decomposition 
are (1) a low temperature ; (2) a high state of desiccation ; (3j the application of antiseptics ; (4) the 
exclusion of air. 

Subjection to a low temperature is a thoroughly effective way of preserving meat, 
but it can be considered only as temporary, decomposition emsuing when the cold state is abandoned’ 
Nevertheless, its efifects are sufficiently lasting to serve practical ends, and the process seems most 
. likely to solve the problem of conveying large quantities of fresh meat to this country. Numerous 
plans have been devised, all aiming at the production of a sufficiently low temperature at a 
remunerative cost. The principal are : — 

Harrison’s.— The meat is first frozen, and is then packed in a chamber on board ship the air of 
which is maintained fin a thoroughly dry^tate. so as to keep up a alow but constant Evaporation 
from the surface of the meat. The meat is placed in tanks, which are kept cool bydireetin- a 
stream of brine among ice, and regulating the strength of the brine so as tn prodnee the deshed 
degree of cold. ^ The ice and brine are kept in tanks above the meat, and from tliem streams 
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constantly trickle over and around the meat-tanks. The consumption of ice is less than 50 tons 
for 50 tons of meat, and the proportion decreases with larger quantities. The meat retains its full 
flavour, and will keep good in a temperature of 17°-20° (63°-68° F.) for 70-80 hours after removal 
from the tanks. The drawback is the bulk of ice required. 

Tellier’s.-^The joints of meat are placed in a chamber, through which is passed a current of air 
charged with ether, or other volatile substance, so as to reduce the temperature sufBciently low to 
preserve the meat, without freezing its juices. 

Mort and Nicolle’s. — In this process, the freezing agent is ammonia solution, under a pressure 
of 50-70 lb. a sq. in. The freezing-room is kept below 0° (32° F.), and the meat is frozen 
quite hard. 

Poggiale’s. — A low temperature is maintained by the evaporation of methylic ether, and 
circulation of chloride of calcium. 

Bell and Coleman’s. — This process is, perhaps, the most completely successful of all that have 
been introduced, and is equally applicable to the preservation of fresh meat during transport by 
land or sea, and while being stored. The meat is placed in a chamber, made as nearly air- 
tight as possible, and of the best-known non-conducting materials. The air which is made to 
circulate in the meat-chamber is cooled so as to maintain a temperature never exceeding 10° (50° F.), 
and never so low as to actually freeze the meat. The cold is obtained by the re-expansion of com- 
pressed and cooled air. Cold-producing machines on this principle are by no means new, but a 
great difficulty hitherto met with in applying this system has been the formation of particles of ice 
during the re-expansion. This is avoided by a more effectual cooling of the compressed air, and by 
subsequently treating tlie air so as to separate moisture from it, by subjecting it, before re-expansion, 
to an atmosphere cool enough to ensure the deposition of any remaining moisture that would be 
liable to freeze ; moreover, care is taken that the air shall not be so highly dried as to have a 
desiccating effect upon the meat. 

The compression of the air is effected in the apparatus shown in vertical section in Fig. 725. 
The air enters by pipes a above the cylinders, and through valves b in tlie upper parts of the 
cylinder ends ; it passes out through valves 
c in the lower parts of the cylinder ends, 
and by pipes d beneath the cylinders. At 
each end of each compressing-cylinder e, is 
fitted up a small pipe /, for injecting w'ater 
to absorb some of the heat developed 
during compression ; this water drains 
into the discharge-pipes d, and is led away 
by pipes g. The compressed air passes 
from the discharge - pipes d into the 
apparatus for completing the cooling and 
separation of the moisture. This apparatus 
is shown in vertical section in Fig. 726. 

It comprises two vertical cylinders a b, 
and a set of pipes c. The first vessel a is 
formed with an inlet d at its lower part, for 
admitting the compressed air, which passes 
upwards through a, then by a connecting- 
passage f, to the top of b, in which it 
descends, and thence passes into the pipes 
c. At the top of a, is a pipe / for the intro- 
duction of water of ordinary temperature (or colder when conveniently obtainable), such water being 
forced by a pump so as to overcome the internal pressure of the compressed air. This injection- 
pipe is fitted with a rose-nozzle g, for spreading and distributing the water over the area of the 
vessel, it being important that the air and water should mingle intimately. To ensure complete 
contact and action between the water and air, so that the water may abstract as much as possible of 
the heat rendered sensible by the compression of the air, the vessel u is provided with a number of 
perforated metal diaphragms h, whicli are fixed across the lower part of the vessel, but above the 
air-inlet, and are arranged with the holes in each opposite the solid metal of the next above and 
below, in order that the subdivided currents of air may have their directions continually changed, 
and bo made to impinge upon the wetted surfaces of the diaphragms. Similar diaphragms i are 
fitted in the second vessel 6, for separating from the air any moisture it carries over from <i into b. 
The jets of air, passing through the perforations in each plate in succession, impinge on the next 
plate, and fleposit the suspended moisture. At the bottom of each vessel, is a casing j k, to receive 

the water reilfly fai^rawing off. ^ 

Assumin'^ that the water emploved is of the ordinary temperature, it cannot reduce the air 
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below that temperature, and the air will etill retain Bome moisture, both mechanically suspended 
and invisible, which will be precipitated, and possibly congealed, on the air being subsequently 
expanded, and becoming of considerably lower temperature. It is the purpose of the pipes c to cause 
the separation and deposition from the air, before it reaches the expansion-cylinders, of any moisture 
which would thus tend to congeal. These pipes are placed in an atmosphere below^ the ordinary 
temperature, and, being inclined up- 
wards from b, the moisture deposited in 
them, in consequence of the additional 
cooling of the air in passing through 
them, drains back into b. The pipes 
are best placed in the chamber in 
which the meat is preserved, the tem- 
perature there being always kept above 
the freezing-point. They should be of 
considerable length, the precise length 
in each case depending upon the tem- 
perature intended to be maintained 
in the chamber, and other circum- 
stances. Where several chambers are 
to be kept cool, e. g. a number of vans 
composing a railway-train, or several 
separate compartments in a ship, the 
pipes may be arranged in only one 
compartment. At their higher ends, 
the pipes communicate with a single 
pipe, which leads the air to the expan- 
sion-cylinders ; after the air has been 
expanded, it is led to the chambers, 
where it is discharged in its expanded 
and cool state, being distributed by 
pipes fitted with valves, which con be 
adjusted so as to secure a temperature 
as uniform as possible throughout. 

The air drawn into tlie compressing-cylinders e by the pipes a will generally be led from the 
chambers, so that the same air continually circulates through the entire apparatus, and has to be 
deprived only of the heat which it absorbs each time it passes through the chambers. The cooling 
action of the machinery depends on the power developed by the steam-cylinders, and the tempera- 
ture in the chambers can consequently be regulated by suitably adjusting the steam throttle- 
valve. (See Ice.) 

Knott’s and Kent’s.— In Knott’s refrigerating-car, air is cooled by passage over a freezing-njixture, 
or ice alone, and a constant circulation of it is kept up, the temperature being best maintained at a 
little above the freezing-point, say at 33° F. The air is both dried and cooled. Kent s well-known 
refrigerator-safes are made upon much the same principle, the great feature being a downward 
■ draught. Importations of meat from America have been made by this system, the mLt being sewn 
up in bags and suspended in a chamber, surrounded by a temperatm-e of about 3° (37° pt), the 
draught being produced by a steam-fan worked over the ice-tanks. 

Desiccation.— Animal matter, preserved by the absorption of its moisture, loses its flavour, and 
becomes tough and indigestible ; the fat becomes rancid, and, in damp weather, the meat absorbs 
moisture, and turns mouldy and sour. These tendencies are corrected by adding ahsoibeiit sub 
stances with fat food— as sugar and spice, to form “pemmican,” and farina, toVoduce “meat- 
biscuits.” Altogether, the process seems ill-adapted for preserving meat in a fresh state, and two 
methods only need be mentioned. 



Tellier’s.-The meat is placed in vessels, whose air is repeatedly exhausted, and replaced by 
carbonic acid gas, which latter is finally absorbed by a concentrated solution of potash. The meat 
loses 18-20 percent, by weight, and is kept in vactio. 

Saec’s.— This process has been described above, under Fruit. When applied to meat the brine 
produced furnishes an extract of meat on evaporation, the acetate of soda crystallizin':- out This 
extract is added in the proportion of about 3 per cent, to the preserved meat The latter b f ^ 
requires to be steeped for 12-24 hours in water containing about 4 oz. sal ammoniac to the 

Aafeepiics.-The use of chemical antbefties has long been known, common salt being a v'ery 
generally employed agent of this class. The difficulty seems to be to ensure the meat rttainim- ito 
freshness, and to avoid its acquiring any unpleasant flavour. From 
• devised, the following are selected as being most noteworthy. ^ ^ processes 
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Herzen's. — The quarter-carcases are soaked for 24-36 hours in a solution composed of 3 parts 
borax, 2 parts horacic acid, 3 saltpetre, and 1 salt, in 100 parts water ; they are then packed with 
some of the same. Before use, they need 24 hours’ soaking in fresh water. 

Eeynoso’s. — The meat is subjected to the action of compressed nitrogen, carbonic oxide, &c. 
After being kept in this state for 40 days, the freshness has been so maintained that blood has flowed 
from the joints. 

Eijhardson’s. — Dr. Eichardson made some test experiments with meat treated with various 
antiseptics, under a temperature varying from 7° (45° F.) to 43° (110° F.), for a period of 75 days. 
The results may be summarized thus : — Methylene : preservation, good ; colour, imperfect. 
Methylal : faint taint of decomposition. Cyanogen ; preservation, excellent ; colour, perfect ; 
structure, firm. Sulphurous acid: some tainted; colour, dark. Sulphurous acid and lime-juice: 
some tainted ; colour, indiiferent. Sulphurous acid and glucose : some tainted ; structure, dense. 
Nitrate of methyl : preservation, good ; colour, yeEowish ; structure, firm. Formates : entirely 
fresh, and excellent in colour. 

Estor’s. — This consists in treatment with sulphurous acid and chlorine in succession. 

Garagee’s. — The animals are killed by inhaling carbonic acid, &c., and the carcases are kept 
in an atmosphere of carbonic or sulphurous acid. This does not prevent decomposition where 
bruises exist. 

Medlock and Bailey’s. — The meat is immersed in a solution composed of equal parts of water 
and bisulphite of lime, of 1 • 05 sp. gr. It acquires no unpleasant flavour. This is one of the most 
successful of the antiseptic processes. 

Pelletier’s.— The meat is covered with a coating of gum, then immersed in acetate of alumina, 
then in solution of gelatine, allowing the whole to dry on the surface. The antiseptic acetate of 
alumina forma an insoluble compound with the gelatine. 

Pagliare’s. — Gum benzoin is boiled in a solution of alum. The meat is immersed in this 
compound, and excess moisture is driven off by a current of hot air, leaving the antiseptic on the 


meat. 

Jones and Trevethick’s. — The meat is put into tin canisters, which are hermetically closed, 
except two holes in the lid. These are plunged into a vessel containing water, and after the air has 
been exhausted by an air-pump through one hole, sulphurous acid gas is admitted through the 
second, and this alternation is continued till alt the air is out. The sulphurous gas is then replaced 
by nitrogen, and the holes are closed. 

Exclusion of Air . — As the presence of oxygen seems to be essential to the existence of decompo- 
sition, many plana for the preservation of meat have been based upon the exclusion of air from it. 
By far the most important are the numerous modifications of cooking in air-tight cans, called 
“ canning,” which have been conducted for years with great success. The heat of the cooking 
destroys any microscopic germs, if such be present, and, at the same time, expels all air from the 
receptacle and from the substance itself. The preservation is complete, but over-cooking is 
unavoidable, and the meat is rendered soft, fibrous, and insipid. 

“ Cannino-.”— There are three chief modifications of the canning process (1) “ Aberdeen ” ; (2) 

“ steam-retor't "’ ; (3) “ chloride calcium bath.” The Aberdeen process probably originated with 
Appert, whose plan was brought into use during the Crimean war. The meat is placed in vessels 
nearly closed ; these are then put into a close boiler, and the heat is raised to 112° (234° F.). After 
about 3 hours’ cooking, the vessels are hermetically sealed. McCall’s improvement upon this 
consists in the addition of a little sulphite of soda. Jones’ improvement lies in the fact that the 
water is first driven off at 110° (230° F.) in vacuo, and the heat is then raised to, and kept at, 132° 
(270° F.). The special feature is the vacuum, all the oxygen being extracted by means of tubes 
connectinc' the tins with the vacuum-chamber ; this greatly reduces the time. By the steam-retort 
plan the meat is canned up, leaving a pin-hole, and the cans are put into a retort under steam at 
110°’(230° F.) and kept there for l|-2 hours ; they are then taken out, and the pin-holes are soldered 
up while steam is issuing from them. The cans are again steamed at 116° (240° F.), and cooled. 
The object of the chloride of calcium bath is to obtain a higher temperature. The raw meat is put 
into cans having a pin-hole, as before. The cans are placed for half their depth in a solution of 
chloride of calcium, boiling at 127°-132° (260°-270° F.). The heat is gradually raised trom 82° 
(180° F ) to 110° (230° F.), and the iteam is allowed to blow off for -1 hours, during which time the 
meat is beinc' cooked. The holes are then closed by a drop of solder, the heat is raised to 127°-132° 
i9fi0°-270° F I for h hour, and the cans are withdrawn and cooled. Eitchie’s deviation from this 
consists chief! V in desiccating tlie meat first in an oven at 204°-216° (400°-420° F.), and tlien 
packing it in cans, with tlie addition^of meat jelly to create steam, before subjection to the chloride 

of calcium bath. * , * t • i. 4 . • 

Nayloi^s process.- The meat is cooked, and then packed in cases, and covered with stearme 

^*^*Eedwoo^’s process.— The meat is immersed in melted paraffin at 115° (240° F.), to concentrate. 



1022 


FRUIT. 


the juices, and expel the air. Thus condensed, the meat is covered with a coating of paraffin. 
Before use, it is placed in boiling water, which removes the paraffin ; it can only be used in its cold 
state, not bearing re-cooking. 

Bibliography.— il. Appert, ‘Art of Preserving Animal and Vegetable Substances’ (London: 
1811); G. Buchanan, ‘ Preservation of Vegetables ’ (Jour. Soc. Arts, Vol. xix., No. 950, London: 
1870-1): ‘ Report on Pood Preservation’ (Jour. Soc. Arts. Vol. xxi., No. 107S, London : 1872-3) ; 
‘ Food Preservation ’ (Jour. Soc. Arts, Vol. xxiii., No. 1193, London ; 1874-5) ; A. H. IJassall, 
‘Pood’ (London; 1876); B. W. Richardson, ‘Preservation of Animal Structures’ (Jour. Soc. 
Arts, Vol. xxvii.. Nos. 1372-3, London : 1878-9); W. H. Archer, ‘ Abstracts of English and Colonial 
Specifications relating to the Preservation of Food, &c.,’ and Supplements (Melbourne). 

FRUIT (Fe., Fruit ; Gee., Obsf, Fruchf). 

The scope of this article embraces only the chief foreign fruits wliich form objects of commerce. 
The extent of this commerce may be judged from the fact that the value of our total imports 
of fruit in 1879 amounted to about 6,750,000/. The only kinds of fruit distinguished in the 
Customs Returns are almonds, currants, figs, nuts (see Nuts), oranges and lemons (coUectively), 
plums, and raisins. Of the unenumerated varieties, the imports of those preserved without sugar, 
in 1879, were : — From Italy, 8,597,468 lb., 52,039/. ; United States, 3,592,925 lb., 51,418/. ; Spain 
and Canaries, 1,743,863 lb., 14,876/.; British W. Indies, 751,701 lb., 7480/.; British E. Indies, 
608,623 lb., 3347/.; Sweden, 498,425 lb., 2587/.; France, 381,218 lb., 7211/.; Portugal, Azores, 
and Madeira, 195,7171b., 3181/.; other countries, 515,080 lb., 62531. Our imports (in bushels) 
of uuenumerated raw fruits, in the same year, were ; — From Belgium, 902,983, 268,914/. ; United 
States, 734,904, 315,814/. ; Holland, 598,952, 251,313/. ; France, 477,473, 264,902/. ; Spain and 
Canaries, 429,116, 252,968/.; Germany, 418,778, 131,307/.; British N. America, 213,783, 102,495/.; 
Portugal, Azores, and Madeira, 182,755, 105,015/.; Channel Islands, 47,034, 29,704/.; British W. 
Indies, 24,671, 16,552/. ;] other countries, 129,502, 7892/. In the same year, our receipts of 
uneuumerated dried fruits (in bushels) were: — From Turkey, 252,606, 106,097/.; Bombay and 
Scinde, 16,211, 11,373/. ; Egypt, 12,130, 10,076/. ; United States, 8590, 10,946/. ; France, 2231, 
5334/.; other countries, 9279, 10,113/. The imports of enumerated fruits will be given under 
their separate heads below. 

Almonds (Fr., Amandes ; Gee., Mandchi ). — These are the fruit of Amygdahis communis (JPmnus 
Amygdalus), a tree of moderate size. Its indigc nous growth probably extended from Persia, through 
Syria and Asia Minor, to Algeria ; at a very early date, it spread throughout the Mediterranean 
region, and even penetrated into the continent of Europe in favourable localities. The fruit ripens 
in S. England, but frosts destroy the tree in many parts of Central Europe. The tree ascends to 
3000 ft. iu Mesopotamia, 4000 ft. in Anti-Lebanon, and 9000 ft. in S. Kurdistan. The fruit is of 
two distinct kinds; — “ sweet ”(var. c/c/cis), and “ bitter ’’ (var. amara). No permanent hotanioal 
difference is noted in the trees yielding the two varieties, nor in their geographical distribution. 
The sweet almond is of numerous kinds, showing marked changes in shape, size, and firmness of 
shell. The most esteemed are the so-called “ Jordan ” almonds (a corruption oljardin — “ garden ”), 
which come from Blalaga. These are usually imported without the shell, and differ from all 
others in being oblong and of large size. Their approximate value in the London market, when 
new, is 160-2S5s. a ewt. The other kinds best known here are “Valencia,” 100-120s. ; “ Sicily,” 
about 102s. ; “ Barbary.” 60-90s. These sorts are all used as dessert fruits. The bitter almond 
also exists under several forms and sizes. The best are “ French ” ; next come “ Sicily ” ; and 
“ Barbary,” 60-85s. “ Soft shell ” almonds are only worth about 55s. The bitter kinds are” used 
for the preparation of the “ essential oil of almonds” (see Oils— Almond). 

In 1860, we imported 19,638 cwt. of sweet almonds, and 7361 cwt. of bitter ; in 1870, the figures 
were 36,189, and 7618 ; in 1872, the total import had grown to 70,270 cwt., value 204,592/. ofthis 
Morocco contributed 33,500 cwt.; Spain and Canaries, 22,000; and Italy, Portugal, France, &o. the 
remainder. In 1876, the total was 77,169 cwt., value 244,078/. The figures for 1879 show’ a great 
falling off in quantity, and rise in price Italy, 13,615 cwt., 62,476/. ; Spain and Canaries 
12.999, 73,062/.; Morocco, 12,863, 52,148/.; Portugal, 3802, 13,594/.; other countries, 298o’ 
11,625/. ; total, 46,319 cwt., 212,905/. Large quantities are shipped from the Persian (Inlf to 
Bombay. The exports from Chef'oo, in 1878, were 1035 piculs (pi 133 ‘ lb.), 2957/. In the same 
year, Tangier exported 4 cwt., 12/., to Great Britain; Malaga shipped 22'’o99 boxes, and .3001 bush • 
Bagdad despatched to Europe and India 260 cwt., 1797/. ; and Mogador exported 3780 casks’ 
27,600/., to Great Britain, and 1429 casks, 9200/.. to Prance, the total weight hein- 10 870 cwt In 
1879, Tangier exported 10 cwt., 30/., to Great Britain, and 8 cwt., 24/., to France rad A]>^iers ’ 

Bananas.-The terms “ banana ” and </‘ plantain ” are Applied to the fruits of mray species 
and varieties of the genus Mma, which is found throughout the tropics and subtrcmics The 
kinds -yielding edible fruit are cultivated as far north as Japan, Madeira, Syria N. 4frira and 
' even parts of S. Europe. They bear at an elevation of 4590 ft. in a temperature’ of\6° (6P F ) 
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bnt the cultivation is not profitable. Many varieties are found in India, China, the E. Archipelago, 
Persia, Asia Minor, Arabia ; some are cultivated in Guinea, Madagascar, Abyssinia, Nubia, Egypt, 
Greece, Sicily, and Spain; but its greatest development seems to be attained in Equatorial 
America : Mexico, Central America, Colombia, Peru, Brazil, the Guianas, the W. Indies, and even 
in Louisiana and Florida. The plants like a warm, moist soil, and prefer the neighbourhood 
of the sea. They are propagated by slips about 8 in. long, frequently as “ shade ” for other crops. 
They Require 5-20 months to mature, according to the variety and the locality. The fruit seldom 
reaches this country in perfection, and is little appreciated. In the tropics, it forms the chief food 
of several millions of people. In 1879, the United States imported 305,094 bunches of bananas 
from the tV. Indies, chiefly Baracoa; and 240,000 from Panama. In 1878, we imported 1829 
bunches from St. Michael’s (Azores) ; in 1879, 504 bunches. The leaves afford a valuable fibre 
* (see Fibrous Substances— Musa sp. div.). 

Citrons (Fa., Citrons ; Ger., Cltroneri ). — Citrons are the fruit of Citrus medica, an evergreen tree, 
about 8 ft. in height. It thrives in the open air in India, Burma, China, Persia, the Mediterranean 
region, Florida, and the W. Indies. Its cultivation is confined within narrow limits, having given 
way before the more prolific lemon. The trees are still scattered along the Western Eiviera, about 
Paola and Pizzo on the western coast of Calabria, in Sicily, Corsica, the Azores, and Greece. The 
fruits, weighing several pounds, are chiefly used for making candied peel. Leghorn was the great 
seat of the candied citron-peel trade, exporting about 5000 boxes (1000-1100 tons) in good seasons. 
This trade has declined, and the peel is now largely shippe<l in brine to England and Holland. 
Statistics of this trade are very meagre and unreliable, no trouble being taken to distinguish citrons 
from lemons. The values of the exports from Syra in 1878 were To England (including figs and 
raisins), 1448(; Turkey, 3071.; Austria, GO/.; Danubiau Principalities, 18/. The orangeries of 
Florida produced 23,789 citrons in 1879. 

Coconuts. See Nuts— Coconuts. 

Currants (Fk., Saisins de Corinthe ; Geb., Korintken .) — Imported currants are the seedless fruit 
of a variety (corinthiaca) of grape-vine, Vitis einiferu, peculiar to Greece. The plant is cultivated 
chiefly in Zante, Cephalonia, Ithaca, and near Patras. Until the independence of Greece, the 
culture was insignificant, and confined to Patras, Egialee, and Corinth ; but in 1860 the area 
occupied by it was 15,300 hectares (of 24 acres) ; and in 1875, 36,631 hectares, of which, 29,138 were 
in the old kingdom, and 7493 in the Ionian Isles. The total crop shows an average production of 
about 16 cwt an acre. The currant-vines prefer the littoral districts and the lowlands, leaving the 
higher lands to the grape-vine. Gypseous and calcareous marls are preferred to limestone, as they 
favour deep penetration of the roots, and do not allow of too rapid escape of moisture. The vines are 
planted 3-4 ft. apart in rows 6 ft. apart. They are propagated by grafting upon grape-vine 
stocks, or by planting out, in the spring, young shoots taken at the end of the previous year from 
old currant- vines cut off below ground. The grafting stock is cut down at 1 ft. below the surface, and 
2-3 shoots are inserted in perpendicular chisel-cuts near the bark. Moist marl is then applied to 
the wounds, and wrapped on with leaves and rushes, after which, the earth is filled in around, 
leaving 2-3 eyes above the surface. Grafts bear fruit in 3 years ; slips, in about 6. The plantations 
are irrTgated from October to the end of the year, and are subsequently kept constantly moist ; in 
December, they are cleared of dead and weak wood ; in February, they are pruned, and the median 
shoots are removed from the buds, leaving only the lateral ones; in February-March, basins of 
earth are hoed up around the stems, to facilitate watering; in April-M,iy, when the leaves show, 
the e-round is well turned, manured if necessary, and re-leveled; in June, the new shoots are broken 
back ; in July, the fruit begins to ripen ; and in August, it is harvested. An operation, known as 
“ rinc-cutting,” or peeling a circle off the vines which are in blossom, is much practised ; it is 
said "to concentrate the sap in the young forming berries, producing more heavy, thin-skinned 
and delicate fruit. The trees are very liable to attacks of oidium, against which, a dusting of 
brimstone is applied while the fruit is ripening. Becently a new malady, called Anthricnose, 
has done much temporary damage, especially nearPirgos: the young shoots were aftected by a 
rou"h excrescence, followed by tiie leaves and fruit withering and dropping off; it was checked 
by the hot weather, and does not seem to have left permanent effects. After 7 years, the vines 
do not yield profitably. When ripe, the currants are gathered, and spread on a drying-ground, 
in lavers 4 in. thick, exposed to the sun. Kain at this time is disastrous, damaging, and even 
destroying! the crop. No precautions are taken to prevent rain causing fermentation dining the 
drvino-, beyond the occasional turning which is done to detach the fruit from the stems. Tlie dried 
currants are packed in large butts for exportation. Besides their well-known culinary application, 
they were largely used by French wine-makers last season, to replace the deficiency of the grape 
vintage. For this purpose, the curPants are shippet in bulk or in bags. The approximate 
values of ths various brands known in this market are ; — Vostizza, 34-43s. a cwt. ; Cephalonia, 
24-34S ■ Zante, 24-54s.; Fatras, 23-34s.; Gulf, 25-42s.; Provincial, 21-34s.; Pyrgos, 21-34s. ; 
old all ’ kinds, 16-33S. In 1879, the shipments from the Morea were (in toi«) To United 
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Kingdom, 52,102; France, about 14,000; United States, 7470; Trieste, 1439; N. Europe, 397; 
Canada, 277; Russia, 195. About 1000 tons were exported from the Ionian Isles. The value of 
the exports from the provinces of Calamata and Messenia was 107,184/., being a middling 
crop; ■went to France, and the remainder to England, Geimany, and Russia. The produce 
exported from Nauplia was valued at 19,740/. The crop in the Pirgos district reached 24,000 tons, 
value 360,000/. In 1877, Syra exported 6183/. worth to Fiance, and 451/. to Austrii.. Our imports 
in 1879 were:— From Greece, 1,136,957 cwt., value 1,461,252/. ; other countries, 11,555 cwt ,^14,176/- 
The import duty is 7s. a cwt. The cultivation of currants has recently assumed some importance 
in S. Australia. 

Dates (Fk., Baites; Ger., Dattelri ). — The name dates is applied to the fruit of the date-palm 
(Phcenix dactylifera), a handsome tree, 60-80 ft. high, found from the Canaries, through N. Africa, 
to India and S.-E. Asia. Although the countries where the date flourishes best are characterized' 
by absence of rain, the tree will not fruit unless its roots are well watered. The best trees are 
produced from slipped plants; those raised from seed are much slower in maturing, and generally 
poor. The slip is taken from the foot of the stem of an adult tree ; when first planted, it must be 
watered daily for 6 weeks, and on alternate days for another 6 weeks, after which, the trees are 
watered once a week in summer, and every month in winter. The nut does not commence to 
germinate for 6-12 months after planting, and grows very slowly for the first 2 years. The trees 
yield fruit in 5-6 years, but do not come into full bearing for 20-25 years, after which, they continue 
fruitful for about 150 years. Trees in full bearing produce 8-10 bunches, each containing 12-20 lb. 
of fruit; taking an average of 144 lb. a tree, and 100 trees a hectare (2J acres), the product is 
about 50 cwt. an acre. One tree has been known to yield 4 cwt. The dates of N. Africa are 
superior to any others. The region of Ziban, south of the province of Constantine, in Algeria, is 
conspicuous for extended and careful culture and superior fruit. Laghouat, in the province of 
Alger, is another centre. Tunis possesses about 2,000,000 trees. In Egypt, there are 4.000,000 
female trees, yielding annually about 5,000,000 cwt. ; those of Upper Egypt and the Oasis are the 
most delicate. Bussora (Turkey) has enormous date-groves, stretching along both banks of the 
Euphrates and Shat-el-Arab for a distance of over 140 miles, yielding 40,000-60,000 tons in good 
seasons, about half of ■which is exported. The best fruit is that which is gathered just before it is 
ripe, and is exposed to the sun for several days, to mature. The crushed dates, which arrive here 
in bulk, are inferior and damaged, having ripened on the trees, and faUen. Of the numerous 
varieties of the date locally distinguished, that best known in Europe is called Beglet naitr. The 
approximate comparative values of the sorts imported into England are : — Tafilat, 70-S4s. a cwt. ; 
Egyptian, 28-45s. ; Bussora, 13-21s. Our imports are not enumerated. The most recent statistics 
concerning exports are as follows: — Mogador, in 1878, exported 2 casks, value 5/., to Portugal; 
Tripoli shipped 500/. worth in 1878, and .3500/. in 1879 ; Tangier, in 1878, sent 816 cwt., value 
1836/., to Great Britain and Colonies ; Bagdad, in 1878, despatched 23,617 cwt., value 8588/., to 
Europe; the values of aU Egyptian exports in 1879 were 11.800/. to Austria, 9000/. to Great 
Britain, 6050/. to Turkey, 680/. to Greece, 660/. to France, and 3080/. to otlier countries. 

Figs (Fb., Figues ; Gee., Feiqen ). — The edible fig is the fruit of Ficus Carica, a small tree, 15- 
20 ft. high. Its native country extends from the steppes of the E. Aral, along the S. and S.-W. 
coasts of the Caspian, through Kurdistan, to Syria and Asia Minor. It is found on the plains of 
N.-W. India, and on the outer hills of the N.-W. Himalaya, up to 5000 ft., as well as in tlie Deccan 
Afghanistan, and Beluohistan. In Asia Minor, it is met with wild at 4800 ft. The tree was early 
introduced into Mediterranean Europe; and in the United States, with protection in winter 
succeeds as far north as Pennsylvania. Commercial supplies of figs come most largely from Asiatic 
Turkey, especially the country in the vicinity of Smyrna. Although the tree flourishes in nearly 
every part of Greece, it is cultivated on a considerable scale only in the provinces of Messenia 
Calames, Andros, Carystie, Tenos, and Pylie. In 1875, the plantations occupied 6348 hectares 
(of 2§ acres), and produced about 242,000 cwt., or an average of 1700 lb. an acre. Several districts 
in Italy and Spain also furnish minor quantities, and Majorca has recently commenced an export 
trade with France. The soil and climate south of the Dividing Range, in Victoria are well 
adapted to fig culture. ’ ' 

There are a great many varieties of the tree. Under cultivation, two crops yearly are generally 
produced— one in early summer, from the buds of the last year ; another in autumn, from the buds 
of spring growth. The latter is the more important. The aid of hymenopterous insects is 
necessary for the fertilization of the flowers. When ripe, the figs are not left to dry and shrivel on 
the trees, but are plucked, and placed on light trays, exposed to sun and air, great care being taken 
to protect them from rain and dew. They become either “ natural,” or “ pulled ” The former are 
left to dry in their natural form, and ar«- packed without? compression ; the latter which are the 
finest, are kneaded and flattened during the drying, and are packed in layers ” with considerable 
compression, in small boxes, or rush baskets The flattening process is carried to an unreasonable 
‘ degree, and often causes the fruit to split, when its quality deteriorates. Tho'bestVmyrna figs are 
' ' ‘ ' 
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labelled “ eleme,” a corraption of a Turkish word meaning “ hand-picked.” The merits of a good 
fig are a thin skin, the seeds visible through it, and the pulp dark and luscious. The quality seems 
rather inclined towards retrogression. Figs grown elsewhere than in Turkey are inferior in size, 
flavour, and packing. The saccharine efflorescence is of natural origin. 

The exportSjOf figs from Bagdad in 1878, were 35 cwt., value 700/., to Europe and India. The 
crop in Thessaly fell from 653,000 okes (of 2^ lb.) in 1877, to 225,000 in 1878, and 46,000 in 1879. 
The experts from Syra in 1877 were ; — To Great Britain (including raisins) 089/. ; Austria, 125/. 
The Calamata crop in 1878 went chiefly in barrels to Taganrog, Odessa, and Trieste. The exports 
seawards from Brindisi in 1878 went principally (about 700,000 kilo.) to Austria, to be roasted and 
ground, for the purpose of adulterating coftee. In 1879, the Brindisi exports were 993,917 kilo, to 
Austria, 19,716 kilo, to France, besides other shipments. 3I.iljga exported 14,217 cwt. of figs in 
1878. Huelva, in 1877, sliipped 2100 boxes, value 525/., to Great Britain. Our imports in 1879 
were : — From Asiatic Turkey, 85,295 cwt., 183,127/. ; Spain, 9088 cwt., 96067. ; other countries, 
10,944 cwt., 11,878/. The duty is 73. a cwt. The approximate relative market values are: — 
Turkey, layers, new, 33-lOOs. a cwt. ; natural, 30-35s. ; Spanish, &o., 20-24s. 

Iiemons (Fb. Zimons, Citrons ; Ger., Zimonen, Cdrtmen). — Lemons ore the fruit of Citrus 
Zimonum, a tree of 10-15 ft. in height, indigenous to the forest of N. India, Kumaou, and Sikkim, 
found scattered in gardens in many sub-tropical countries, and cultivated industrially in Italy, 
Sicily, Corsica, Spain, Portugal, and Florida. 

The cultivation of the lemon is carried on in combination with orange-growing, and the rules 
adopted with the one are equally applicable to the other (see Oranges). The lemon bears fruit 
twice yearly. It flowers with the orange in May, and again, but not so plentifully, in the autumn. 
The fruit may be plucked and used at any time after it has attained a fair size, though it may 
be green ; but for convenience, it is gathered with the orange crop in September, for exportation, 
another lighter harvest being made in early winter. Many vaiieties are proiluced. The moot 
remarkable is the Instrato, which is obtained by gathering, while yet green, all but a few lemons 
from the tree. Those which are left monopolize the fruit-producing powers of the tree, and thus 
attain unusual size. They preserve their flavour for a long time, and bear sea voyages well. 
Statistics concerning the lemon trade are meagre, and generally confounded with oranges. Sicily 
takes the lead. The exports from Palermo in 1878 were 463,977 boxes, each containing about 350. 
Malaga, in 1878, shipped 31,930 boxes. Syra, in 1877, sent 120/. worth to the Danubian 
Principalities, and 124/. to Austria. Tripoli, in 1878, exported 500/. (including oranges). 
Mooador, in 1878, despatched 54 oases, value 60/., to Great Biitain. Our imports are classed with 
orano-es (?. v.). The United States, in 1879, received at New York, 315,176,750 lemons, of which, 
113 463 620 perished on the voyage. This enormous loss, and the low prices caused by a glut in 
the 'market, were the ruin of many producers and shippers in Sicily, whence America is chiefly 
supplied. The Florida orangeries are now supplying considerable numbers of lemons, the crop of 
1879 being estimated at 344,498. The approximate London values are : — Naples, 20-30s. a case ; 
Malaga, 28s.'32s. Hd. a box. The fruit yields a useful oil (see Oils— Lemon). 

Limes (Fa., Zimuns). — Limes are the fruit of Citrus Zimetta, a member of the orange family. 
The tree grows wild in the tropics, but does not flourish so far north as the Azores. It attains the 
greatest perfection in the W. Indies. The island of Montserrat has long had a reputation for the 
product, and the lime estates of Dominica are now yielding greater profit than any other kind of 
culture. The tree flourishes best in good light soil, near the sea, and needs much moisture ; yet it 
is fruitful in soils that prove too poor and dry for cocoa or coffee. Protracted drought is particularly 
fatal to it. In Trinidad, it rarely recovers from a drought which is severe enough to cause a curling 
of the leaves. The means of irrigating in dry weather are, therefore, essential to success in lime- 
pTowin". The trees are generally planted about 15 ft. apart. They require regular pruning, and 
to be freed from parasites during their early growth. They come into full bearing about 7 years after 
planting the seed. In Trinidad, the trees do not, as a rule, remain fruitful over 15 years ; but in 
Dominica they may last longer. The harvest is heaviest in September-January ; but the 
Montserrat plantations yield more or less throughout the year. The extraction of the juice is very 
simple. The fruit is carried to the manufactories, there sliced by water-power, and passed through 
squeezing-rollers. The extracted juice from choice fruit is at once put into casks ; that of inferior 
fruit is boiled down to its original bulk, and sold for making citric acid. In 1874, Dominica 
exported 12,462 gal. of lime-juice, value 1600/.; Jamaica, 107,558 gal., 5378/., and 475 barrels of 
limes value 190/. ; and Montserrat, 400-500 puncheons of juice yearly. New Y'ork, in 1879, 
imported 988 barrels of limes. The fruit-gardens of Florida produced 3739 bush, of limes in 1879 ; 
and in the same year, the South Sea Islitods exported 13,406 gal. of lime-juicej locally valued at 
447/. Lime-juice is worth about Is. 3d.-ls. 9d. a gal. 

Oranges (^R., Oranges; Geb., Pomeranzen). — The orange family {Aurantiaceai) is a large and 
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the sake of its essential oil (see Oils — ^Bergamot). The shaddock or pompelmonsse (C. decumana) and 
the forbidden fruit are varieties produced in small quantities for their edible fruits. Lastly there 
is the common orange (C. Aurarduan [riilijarisJ), whose culture will now he described. There are 
two marked varieties of the common orange — the bitter, Seville, or bigarade orange (var. amara) ; 
and the sweet, Portugal, or China orange (var. dulcis). Of the former, some 82 varieties are 
distinguished ; of the latter, 43. 

The orange is said to be a native of N. India. A wild orange, growing in Sikkim, feurwhal, 
and Khasia, is thought to be the parent of both sweet and bitter varieties. However that mtiy be, 
the fruit is now commonly grown throughout the tropics of both hemispheres. In Europe, its 
limit crosses the northern part of Spain and the extreme south of Provence, traverses Italy a little 
above Florence, descends nearly to Greece, and, passing Cyprus, enters Asia. Throughout thf 
Mediterranean basin, and the Azores, orange-culture flourishes. W. Africa has recently taken up 
the industry. China and Japan produce some of the choicest varieties. In several of tho 
Australian Colonies, and in Fiji, the culture is well established. The W. Indies are now 
producing very large quantities ; and the Gulf States, California, Mexico, and BrazU, must not be 
omitted. 

The tree needs a humid soil, with a warm, somewhat moist, regular, and calm climate ; sudden 
changes of temperature are especially injurious. The best method of propagating is by youn" 
plants produced from wild seed, upon which are grafted shoots of cultivated trees, when they are 
about 8-9 years old. Meantime the land must he kept clean, and manured. At 4 years, tho 
plants are removed to 2 ft. apart, and, at 7-8 years, to SJ ft. After 2-3 years more, the graftino- 
takes place ; 2 years later, the trees are finally transplanted ; and 3 years afterwards they should 
yield a first crop. The distanee apart at the last planting varies from 13 ft. in the Neapolitan 
Provinces, to 25 ft. in Trinidad. In the Azores, 25-30 ft. is the common figure, the intervenin®* 
space being occupied by melons, &c. Much depends upon the amount of pruning, the object being 
to admit plenty of air and light. When the tree has borne fruit for 6 years, it is considered full 
grown, and may then be expected to continue prolific for CO-70 years. Plantations require diggin®- 
over twice a year, taking care not to injure the siuface-feeding rootlets. Hollows are left at” the 
feet of the trees, to receive manure, and collect moisture. Bees should always be kept on 
orangeries, as the honey is superior. The trees bear fruit once a year. At least 6 months are 
required to ripen the fruit ; but it is usually gathered while yet green, packed separately in very 
thin paper, and stowed into boxes, ready for shipment, as it ripens after being picked. The trees 
are principally valued for the fruit, that of the sweet kind being eaten fresh, while that of the 

bitter is made into marmalade (see Food Preservation). Orange-flower water (see Perfumes 

Orange-flower) is made when the trees are sufficiently numerous ; another perfume (see Perfumes 
— Orange-zesle) is made from the rind of the sweet orange ; and the leaves are frequently used for 
scenting rooms. The timber is much valued for inlaid work. 


In the Neapolitan Provinces, the blood orange is chiefly grown, the trees yielding .500-2000 
fruit annually. Salerno is noted for its mandarin oranges. Sicily is a very large producer • the 
exports from Palermo (in boxes of 350) were in 1875, 379,421 ; 1876, 432,549 ; 1877, 295’373 ,- 
1878, 320,482. Spain has an important position in the trade. Seville, in 1877, exported 5 500 000 
kUo., value 55,0007, to Great Britain ; 3,293,000 kilo., 32,9307, to Prance ; and 87 000 kilo 870/ 
to Belgium. Huelva, in 1877, exported 5590 boxes, 44727, to Great Britain. Malaga, in 1878 
shipped 27,250 boxes of oranges, and 5858 cwt. of orange and lemon peel. Oporto, in 1877 sent 
228,000,000 oranges, of inferior quality, to Great Britain. The Azores, in 1878, shipped from St. 
Michael s to the United Kingdom, 410,101 rnalotes (or half-boxes, containing about 400) of the 
native orange, and 4577 rnalotes of tangerines, a variety of the mandarin orange In 1879 the 
figures were reduced to 263,205 and 3485 respectively. The orange-groves in the valley of the 
Seller (Balearic Isles) have recovered their usual condition, and promise large crops a®ain Some 
parts of N. Africa, especially the Algerian province of Alger, grow oranges lar®elv ° Algeria in 
1865, exported 14,285,580 ; Morocco, in 1873, shipped 1,577,700 ; Tripoli, in 1878, despatohfd 500/ 
worth (including lemons); and Tangier, in 1879. exported 30,000 to Great Britain, aTdToorto 
Germany. The orange-gardens of Jafia number about 400, and are irrigated by weiis The exports 
in 1879 were :-to Turkey, Egypt, and Syria, 17,500,000 ; Europe, 8,750,000; total value 26 250/ 
On heavy soils m New South Wales, oranges and lemons thiive admirably. The orangeries at 
Paramatta supply quantities of the fruit to other portions of the continent. Most members of the 
Citrus family grow luxuriantly m the valleys of the Humber and the Clarence and alone the 
coast districts. In S. Australia, especially around Adelaide, the trees flourish extremelv well 
The same may bo said of some parts ^of Queensland, eppere are good prospects of our r4ivin- 
supplies from these colonies before long. Orange-culture has taken a great start in the W Indies'” 
The average annual crop is 500 oranges a tree, sometimes reaching 1000 ; the trees are 25 ft 
apart, or 6^70 an acre. An important feature for the industry is that the' brop Ws in generallv 
8 weeks before ^he Mediterranean crop, an that it takes the market at a favourable time Mean 
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time New York is a very large customer. In 1879, that port received 16,399,421 oranges from the 
W. Indies, nearly half being from Kingston (Jamaica). The losses amounted to 44 per cent. 
Oranges, lemons, and limes grow wUd and abundantly in Florida, and south of the lakes in 
Louisiana and Mississippi. Some of the finest groves are on the St. John’s, Indian, and Oclawaha 
• rivers. The district included between 27° and 29° 40' N. lat., and 80° 30' and 82° 40' W, long, 
seems to be peculiarly adapted to oranges and lemons. In 1879, tlie Florida orange-grove’s con- 
tained 29,481,541 trees, of which 18,821 were in bearing. The crop produced was 16,034,558 ; while 
that of 1880 is estimated to reach 100,000,000. This immense production will no doubt stop the 
importation from the W. Indies, &o., to New York. In California, oranges and lemons grow well. 
The county of Los Angelos produced 5,280,000 oranges in 1879 ; the trees numbered over 90,000 
fu 1874. In Brazil, the industry is not yet of much importance. Ceara, in 1878, exported 8017 
cases to England, and 817 to New York. Tahiti, in 1878, shipjred 4,207,000 oranges, value 4207/., 
and in 1879, 2,148,000, value 2148?., principally to San Francisco. Hankow, in 1878, shipped 1592' 
pioils (of 133i lb.) of orange-peel ; and Wenchow exported 4400 pzcuis of fresh oranges. Our imports 
of oranges and lemons in 1879 were From Portugal, 2,084,896 bush., 832,696?. ; Italy, 717,867, 
252,940?.; Azores, 370,629, 128,605?.; Portugal, 235,947, 92,465?.; Brazil, 3950, 2343?.; other 
countries, 19,770, 8912?. The approximate prices of the best-known kinds are Valencia 
16s.-22s. 6d. a box; Lisbon, 13-16s.; Palermo, 7s. 6d.-12s. ’ 

Pineapples (Fb., Anams ; Geb., Aacmasc).— These are the fruit of Ananassa saliva, a plant 
found in a wild state in most parts of India and Ceylon, the Malay Peninsula, Straits Settlements, 
China, and the E. Archipelago ; also in the Azores, W. Indies, Tropical America, and the W. coast 
of Africa. It has recently been introduced into the Australian colonies. The plant is propagated 
by suckers, which bear fruit in 12-18 mouths. Sometimes the crown of the fruit is planted but 
this takes 3 years to mature. They are set out in rich soil, about 18 in. apart, and weeded every 
3 months. In tlie Bahamas, 20,000 suckers are planted on an acre ; but in Jamaica, the distances 
arc 3i ft. X ^ ft., or 4840 to the acre. The latter plan gives 4000 fruit an acre in 16-18 months 
after planting. The W. Indies are tlie chief seat of pineapple culture. It is mostly carried on in 
Eleuthera, Abacos, and San Salvador. 'Two kinds are grown : “ sugar-loaf,” the best, principally 
shipped to England; and “Spanish” or “red pine,” for the American market. New York, in 
1879, imported 2,740,002 of which 26 per cent, perished. In 1874, the value of the total shipments 
from the W. Indies was 40,066?. Pineapples grown in the Azores are much finer than W. Indian, 
and are more carefully packed. Great quantities of the fruit are produced in Assam, and the 
gardens of Malacca and Singapore yield enormous specimens; but tliese do not enter into oom- 
nierca In 1876, Queensland had 86 acres under this crop. The fruit is picked while green, and 
allowed to ripen on the voyage; hence the inferiority of imported pineapples to our own hot- 
house productions. Large quantities of the canned fruit now arrive from the W. Indies. The 
plant yields a most valuable fibre (see Fibious Substances — Ananassa). 

Plums (Fr., Prunes ; Geb., Pflaumen). — The various kinds of plums and prunes now met with 
under cultivation are supposed to be derived from Prunus doinestioa. It is believed to occur truly 
wild in Greece, the S.-E. shores of tlie Black Sea, the Caucasus, and the Elburz range (N. Persia). 
The culture of the tree on a really large scale is now confined (1) to the valley of the Lofre, where 
the very superior “ French plums ” are grown ; (2) throughout Germany, where a variety termed 
Quetschen (^Prunus ceamomvxx) is largely cultivated, and supplies the English market with dried 
prunes when the French crop fails ; (3) in Bosnia, Servia, and Croatia. In the three last countries, 
the plum crop is the most important, the Possavina district, in N. Bosnia, producing 15,000- 
20,000 tons in a good season. 'The best are grown on the sides of the low valleys descending into 
the great plain of the Possavina. The culture and drying of the fruit is rudely conducted, yet the 
latter process is so well understood that the peasants are hired for the purpose into Servia and 
Austria. The Servian and Croatian plums are infeiior to the Bosnian, and readily undergo 
fermentation. The Bosnian plums go by the Save to Sissek for Trieste, and by the Save and 
Danube to Budapest. The Servian plums are very extensively used for making a spirit termed 
sligovitch. Servia is estimated to have about 155,000 acres under plums. Both Bosnian and 
Servian plums are largely exported to Germany and the United States. The crop of 1877 was 
reckoned at 18t0 tons Bosnian, and 2500 tons Servian, besides 1000-1200 tons Slavonian plum 
jam, consumed mostly in Bohemia and Germany. The exports from Fiume to the United States in 

1878 were 415 tons. The import duty discourages shipments to this country. Our imports in 

1879 were; — ^French plums and prunelloes; from France, 7230 cwt., 42,880?.; otlier countries, 
44cwt., 234?. Prunes: from France, 8102 cwt., 11,824?.; other countries, 675 cwt., 1160?. Dried 
or preserved plums; from Portugal, 437 >»vt., 4377?. ; othe* countries, 405 cwt., 1513?. The import 
duly is Is. a cwt. Tlie value of French prunes is 22-45s. a cwt. 

Kaisins ({"b.. Raisins; Gee., Sosmen). — Raisins are the dried fruits of the common grape-vine 
(Fibs viuifera'). ^'he/ %re not, as might be supposed, produced wherever the vine is cultivated; 
on the contrary, their preparation is a specialty of certain districts. One of the mosY important of 
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these is a strip of Spanisli territory bordering the Mediterranean, about 100 miles long, and 5-6 
wide. Two kinds of raisins are here produced ; the muscatel or dessert-raisin, chiefly in ttie 
neighbourhood of Malaga ; and the common pudding-raisin, peculiar to Valencia. Unfortunately, 
the phylloxera has made such ravages throughout this district, that the industry is almost 
threatened with extinction. The region next in importance has its outlet at Smyrna. Here the 
small stoneless or Sultana raisin is grown, not only on the mainland, but also in the island of 
Ghesme, which gives its name to a portion of the crop. There are large districts in Per^a where 
raisins are produced, but the expense and difficulty of transport cause them to be consumed locaUy. 
Greece furnishes small supplies of sultanas. California is becoming a large producer of muscatels, 
for consumption both in the E. States, and in China. The decay of the Cape wine trade has driven 
the growers to convert much of their grapes into raisins. Pinally, S. Australia is rapidly developing 
a raisin trade. 

The vines begin to bear in the 2nd year, but are not in full bearing till the 5th ; they continue 
productive for 50-75 years. The sultana vines are planted in rows 6-7 ft. apart ; they are 
productive in the 3rd year, and are in perfection at the 4th-6th year. The matured fruits do not fall 
off, but remain attached to the plant, where, with sufficient heat, they wither and dry. The drying 
is an operation requiring the greatest care. It is usually hastened by one of the following methods. 
In Spain, the ripe bunches are clipped off one by one, and placed on sloping floors, covered with 
small pebbles, to cure in the sun. Perhaps the finest kinds are obtained by partially severing the 
stalks, and leaving the bunches hanging on the vines, the leaves being at the same time removed, 
BO as to admit the sun. In Asia Minor, the plucked fruit is slightly sprinkled with oil during the 
curing, to prevent too rapid evaporation, and to favour the preservation of the fruit in transit. 
Occasionally, the bunches are dipped into warm water, or a lye of wood ashes and lime, especially 
in Valencia. Of course, it is essential that damp shall be rigidly excluded during the drying 
period When dry, the fruit is carefully assorted. The muscatels are classed'as layers (neatly 
packed in fancy boxes), bunch, and loose, the last being picked off the stems. The best are for the 
London market ; the worst, chiefly for Scotland and America. Of Valencia raisins, about half 
come to London, a large proportion of the remainder going to the United States and Canada. 
Sultanas are very largely consumed in Germany, and in our Midland Counties. The *■ eleme” (or 
hand-picked) are specially packed for our colonies, and for ships’ stores, and come chiefly from 
Karabouma and Vourla (Asia Minor). The Chesme growth, unpicked and unselected, form the 
great bulk of the German importations, and are popular in our Eastern Counties. The approximate 
relative values are as follows Muscatel : layers, 40-150s. a cwt. ; loose, 30-42s. Valencia : 25-34». ; 
good and fine, 28-49s. Smyrna : red, 23-3os. ; eleme, 30-45s. ; sultana, 30-56s. ; Belvidere, 30-31s. 

The exports from Malaga, in 1878, were 2,134,518 boxes, 28,006 frails, and 19,343 barrels ; in 
1879, 1,984,183 boxes, 23,000 frails, and 18,442 barrels, of which, 1,520,000 boxes, and 22,832 frails 
were sent to the United States, and the remainder chiefly to Great Britain, France, and Germany. 
The boxes contain about 25 lb. ; the frails and barrels, 50 lb. Bagdad, in 1878, exported 477 cw't. 
of black raisins, value 4591., to Europe and India. Trebizonde exported 550 eases (of If cwt.), 
value 2200f, in 1877, and 623 cases, 1272/., in 1878, of Persian raisins to Great Britain. In 1877, 
Syra shipped 6891. worth of raisins and figs to Great Britain ; and Nauplia, about 220 tons of 
sultanas. In 1878, Syra exported 331. worth of raisins to Turkey, 14481. (including figs and 
citrons) to Great Britain, 2611. to Austria, 1371. to France, 1271. to Russia, and 261. to Italy. The 
values of the exports of raisins from Samos in 1879 were : — To France, 60,0001. ; Austria and 
Germany, 15,0001. ; Holland, 30001. ; England, 15001. ; Turkey and Egypt, 12001. Our imports in 
1879 were:— From Spain, 339,294 cwt, 586,0231.; Asiatic Turkey, 220,078, 380,4411.; Greece, 
8788, 15,3141. ; other countries, 17,378, 23,8501. 

Tamarinds (Fa., Tamarins; Geb., rumarinden).— Tamarinds are the fruit of Tamarindus 
indica, a tree of 60-80 ft. in height. It appears to be truly native in Tropical Africa, between 
12° N. and 18° S. lat., and is found abundantly from the Upper Nile regions to the Zambesi. It 
occurs in Tropical Australia, throughout India, in Java, Brazil, Ecuador, Mexico, and largely in 
the W. Indies. Commercially, the fruit is divided into three kinds : E. Indian, W. Indian, and 
Egyptian. The first consists of the fruits deprived of their outer shell, and pressed into a mass 
usually without the addition of sugar. The second class, when shelled, are placed in layers in a 
cask, and covered with a layer of boiling syrUp, the cask being closed when this has cooled. A 
better sort, rarely found on sale, is prepared by packing the fruit with alternate layers of sugar, 
in stone jars. The third or Egyptian kind, prepared in Arabia, Darfur, Kor.iofan, Sennaar, and 
Abyssinia, is kneaded into discs, 4-8 in. wide, and 1-2 in. thick, dried in the sun. The W. Indian, 
brown, or red, tinfarinds are those usufclly found in ouf shops. They are shipped from several 
of the W. Indies, and from Guayaquil. E. Indian, or black, are used in the jnanufacture of 
tobacco, and medicinally (see Drugs) on the Continent. Bombay exports^ 6286 cwt. in 1871-2. 
Egyptian are. largely consumed in Egypt and Central Africa, and occasioAally'fteach S. Europe. 
E. Indian tamariivls are worth about 8-15s<-a cwt. ; W. Indian, about 10-20s, ^ 
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CFk., Pelleterie ; Geb., felzicaaren). 

The term “ furs ” is applied to the hairy coating attached to the skins of many animals when 
prepared ; before preparation, the skins are called “ peltry.” On the living animal, the fur proper 
which IS short, soft, curly, and barbed, is prevented from becoming matted by the interposition of 
longer, straight, smooth, and stiff hairs, collectively termed the “overhair,” and which often lends 
Idditional beauty and value to the pelf. Furs may be divided into two classes • — (1) Faney furs— 
those used for ornament, and having a high value; (2) Staple furs-those employed indiistrially 
for various purposes, and of humbler price. The best furs come from the coldest regions. The fur 
of water-animals is finest and shortest on the beUy, longest on the back; that of land-animals is 
finest and longest on the back, and fine, long, and flowing on the belly. Though several orders of 
the Mammalia furnish pelts, the Carnivora and Rodcntia are the most important. Many animals 
aftord skins which are marketed with the hair on, but cannot properly be called furs ; therefore, this 
article should be read in connection with those on Hair, Skins, and Wool. 

Furs are now largely collected by private trappers, though the Hudson’s Bay Co., the Alaska 
Commercial Co., and a few minor combinations, still maintain an extensive trade. The first object 
of the collector is to secure the animal without injury to its fur. The next step is to remove the 
skin from the flesh. This is commonly done by ripping up the belly, and then drawing the skin 
ofif; but “eased” skins, or those which are not cut down the belly, fetch much better prices, 
particularly those of the mink, musk-rat, otter, fox, fisher, opossum, and skunk. A good plan is to 
puncture the skin where no injury will result, and to insert a quill, by which air can be blowu in 
between the flesh and the skin. When stripped, the pelts are cleaned from adherent fat, and are 
hung up in a cool place to dry and harden, nothing being applied to them. They are occasionally 
beaten, to dislodge worms, and, when thoroughly dry, are packed in bales, care being taken that 
they shall not heat. The only exception to this rule is the fur seal, which is best preserved by 
salting, and packing in barrels. A little carelessness at this stage may ruin the contents of a whole 
bale ; as the slightest putrefaction suffices to condemn the fur. 

The principal centres where furs are collected for sale and transport are :— New York, Boston, 
Montreal, and St. Louis, in N. America ; Victoria (Vancouver’s Island), for the region drained by 
the Hudson’s Bay Co. ; Nijni Novgorod, for European Russia ; Irbit and Kasan, in Siberia : Kiaohta, 
on the Siberio-Chinese frontier; Leipsic, for the interchange of American, European, and Asiatic 
furs ; while London is a great market for almost every kind, and its fur sales, especially those of 
the Hudson’s Bay Co. in January, March, and September, are perhajis the most important of all. 

The imported raw peltries of the fancy class are subjected to the following treatment. The 
skins are first softened by the application of uusalted butter or sweet oil ; the pelts are then placed 
in vats containing fine sawdust of hard wood (e. g. mahogany), kept at blood-heat by means of 
steam, and are here trampled by foot for about 1 hour ; when sufficiently worked, they are drawn 
over a sharp knife, to remove every particle of flesh ; and finally are trampled again in clean saw- 
dust. This operation is termed “leathering”; by it, the pelts become soft and supple like glove- 
leather. The furrier then receives the skins, assorts them according to colour and overhair, and 
cuts them up to form the articles required. When the pieces have been stitched together with 
extreme care and nicety, the article is damped, stretched and secured upon a pine-board according 
to pattern, and left to dry; on removal, it is trimmed, and softened by rubbing, and is then 
ready for lining. Great judgment is required to properly economize the materials, and fm piecing 
is a distinct branch of the trade. Remnants and cuttings are largely imported into Greece, for 
making rugs and linings, while large quantities go to the hat-makers, for transformation into felt. 
Much ingenuity is exercised in dyeing and dressing furs, to improve the appearance, and confoim 
with the demands of fashion, as well as to enable inferior specimens, and even the pelts of other 
species, to fetch an artificial price. The secrets of these processes are, of course, jealously guarded 
by the trade. 

Staple furs receive a very different treatment, the object in their case being first to separate the 
hair from the skin, and then to convert the former into felt. These operations are described under 
Hats and Woollen Manufactures, the bulk of the hair being used for making felt hats. Quite 
recently, F. Fenton, of York, has patented a process for spinning rabbit and hare fur into yam, 
suitable for making woven and knitted ftfbrics. •• • , 

The trade in fancy furs is subject to great changes and risks, owing to the vagaries of fashion ; 
while that in stpile |i#:s is fairly constant. The supply increases rather than decreases, and the 
variations of fashion preserve the rarer species from extermination. The imports of furs into this • 
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oountry are very large ; in 1879, they were : — ^From Australia, 8,137,997, 94,6451. ; Unite<l States, 
2,433,980, 324,7871.; France, 794,201, 83,3091.; Eussia, 601,185, 22,3781.; British N. America, 
483,638, 93,6231.; Hollana, 383,929, 47,4741.; Belgium, 285,104, 31,6181.; Germany, 231,614, 
14,6261.; Brazil, 201,474, 10,9741. ; other countries, 438,693, 36,0361.; total, 13,993,815, 759,4701. 

The following notes convey an idea of the sources, estimated animal production, principal 
characteristics, approximate values, and chief uses, of the furs of commerce : — • 

Badger. — European and Asiatic {Meles Taxus), 50,000 ; American (11. labradori i), 50^0. Size, 
2 ft. X 3 ft. ; European (German are the best) have woolly fur, with overhair coarse, and black with 
silver spots ; American have finer fur, with overhair 3-4 in. long, fine and soft, and coloured 
purplish-brown at the roots. Values, 2-7s. for Ists, 8il. — 3s. 6d. for 2nds and 3rds. Used for 
covering trunks and horse-trappings in France, and the hairs for superior shaving-brushes and 
artists’ pencils. > 

Bear.- — Europe and Asia, 4000 ; America, 15,000. Black bear ( ITrsus americanus) : large 
numbers in Minnesota, Alaska, &c. Size, 3 ft. x 6 ft. ; overhair, 6-8 in. long, fine and brilliant ; 
fur, thin. At the best when animals just quitting their winter lair ; cubs finest ; American 
superior. Values, 64-95s. for Ists, 36-64s. for 2nd3, 15-34s. for 3rds, 3s. 6d.-12s. for 4ths, 22-60s. 
for small and cub 1st and 2nd, and 3-18s. for ditto 3rd and 4th. Uses, saddle-cloths, robes, foot- 
muffs, grenadiers’ head-dress, &c. Brown bear ( JJ. arctos of Europe, and U. ferox and U. Michardsonii 
of America) : a few in the wildest Alps, Pyrenees, Carpathians, and mountains of Norway and 
Lapland, Siberia, and the Altai, with varieties in the Himalayas, Thibet, Persia, Afghanistan, 
Caucasus, and Armenia ; and in the Hudson’s Bay territory. Size, 3 ft. x 6 ft. ; overliair, very 
fine. Values, 17-68s. for Ists and 2nd3 (a few very prime, 15f.), 3-14s. for Srds and 4ths. Uses, 
muffs, &c. Grizzly bear (U. hombilis) : in the Rocky Mountains. Size, 4 ft. x 8 ft. and upwards ; 
ovorhair, coarse ; fur, thick and heavy. Value, 1-2/. Use, robes. White bear ( U. maritimns) : in 
the Arctic regions of both hemispheres. Size, l.rrger than the others ; overhair, short and stiff ; 
fur, thick. Values, 10-20/. for best pure white, 20-70s. for 1st and 2nd grey, and 3-12s. for 3rd 
and cub grey. Uses, robes. 

’Beaver (C'istor fiber). — Asia, 20,000; America, 200,000. The best come from Labrador and 
Moon Fort. Size, 2 ft. x 3 ft. ; overhair, 3 in. long, coarse, brown ; fur, fine, thick, dark-grey. 
Usually come as “ parchment,” i. e. cut open, stretched to a hoop, and dried ; when made up by tho 
Indians, are called “ beaver coats,” and bring good prices. Values : in America, 4-12s. a lb. for “raw 
parchment” ; London, 24-42s. each for 1st large, 19-32s. for 2nd3, 12-178. for 3rds, 9-17s. for 1st 
and 2ad small, 4s. 6</.-9s. Qd. for 3rd small and cub. Uses, very varied ; much prized iu Russia and 
China ; no longer appreciably employed in hat-making. 

Cat.— Domestic, 1,000,000 ; wild, 10,000. In wild cats, the overhair and fur are thin and 
coarse ; colour, grey. Domestic are superior, and of various colours ; the best come from Holland, 
where they are fed on fish, and bred, for their skins ; the worst are Russian. Great numbers are 
collected in Holstein, Bavaria, Switzerland, &c. Civet cats ( ’Vii-erni sp. div.) furnish a few skins 
of no great note. The Formosan wild cat QFelis liverrina) furnishes a pretty, soft fur, much in 
demand in China at 4s. 6</. each. Shanghae, in 1878, shipped 1380 cat-skins to foreign countries 
and 8400 to Chinese ports. Values, 4-8s. for best black, 2-5s. for common 1st, lOd.-ls. Qd. for 
2nds and 3rds. Uses, very general for lining, trimming, &c. 

Chinchilla (^Chinchilla lanigerafi—Pvm and Chili, 100,000. Two kinds, real and bastard. 
Real: size, 8 in. x 12 in.; overhair and fur, 1^ in. long, very fine; colour, silver-grey and dark- 
grey ; best from Peru. Values, 160s. a doz. for large, 100s. for middling, 16s. for sm°dl, 46-86s. for 
dry damaged. Uses, muffs, tippets, linings, trimmings, &c. Bastard ; smaller ; short, weak fur • 
come from Chili. Value, 13s. 9(/.-16s. 3d. a doz. In 1879. the Chilian province of Caldera shipped 
601 doz. to England, and 30 doz. to the United States ; but the trade is dying out, owing to the 
increasing scarcity of the animals. The province of Coquimbo exports considerable numbers to 
Great Britain, France, and the United States, the local value ranging from 5s. to 9s. a doz 

Ermine or Stoat (.Mustela emmea).— Asia and Europe, 400,000. Common in most countries 
but it is only in Eussia, Sweden, Norway, and Siberia tliat the coat becomes pure white in winter’ 
Size, 4 in. x 10 in.; overhair and fur, fine, soft and close; colour, pure white, with black-tipped 
tail ; skin, thin and tough. Best come from Barabinsk and Ischim, in Siberia. Value 6d 
Uses, mufis, cloaks, and linings. ’ 


Eisher, Pekan, or Wood-shock (3/, amerkana [canadens/s]).— America, 12 000 Size 
15 in. X 30 in.; overhair, 2 in. long, very fine, glossy, dark, and durable; fur, close- tail ]2*in’ 
long, bushy and dark, much valued in Russia. Beat from Canada. Values, 40-S0s for’ 1 st qq ' 
for 2nds and pale, 22-32s. for 3rds. Used for ornament. ’ 

Pitch or Polecat (Puforms /*//(/«»).— Europe, 60C,«00. Size, 5 in. x 15 in to 8 in x 20 ’ 
overhair, IJ in. long, fine, with dark points; fur, golden-yellow. Peculiarly odorojis Be t from’ 
Germany, Denmark, and Holland ; smallest from Russia. Value 2-6<! TTeoe i a- ’> . 

the long overhairs are employed in artists’ pencils. ’ ' &<>• : 
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I’ox. — Silver or Black fox (Yulpes argentalus): America and Asia, 2000. Size, 2 ft. x 4 ft. ; 
overhair, 3 in. long, thick and fine ; colour, pale-silver to brilliant blue-black ; fur, fine and curly : 
tail, very handsome ; considered one of the finest fancy furs ; choicest are from Labrador and Moon 
Port; Eussian are woolly and inferior. Values, 200-800s, for Ists, 120-280s. for 2nds, 35-130s. for 
3rds. Used for robes, muffs, &c. Cross fox (K fulcus var. decussatns') : Asia and America, 10,000. 
Size, somewhat less than the silver fox; overhair, fine, but shaded with red at the points, and 
forming a distinct cross on the shoulders. Best from Hudson’s Bay territory. Values, 35-140s. 
for Ist#, 20-50s. for 2nd3, 9-34s. for Srds. Blue or Sooty fox (K fidigonus): Europe and America, 
7000. Size, same as the cross fox ; overhair, grey-blue ; fur, woully. The finest are from Arch- 
angel, Greenland, and Iceland; very few come from America. Values, 50-S0s. for Ists, 35- 55s. for 
2nds, 15-30>. for 3rds. White or Arctic fox ( r. lagopus) : Arctic regions, 75,000. Size, same as the 
^jjross ; overhair and fur, pure white. The best are from Labrador, the worst from Siberia. Values, 
12-lSs. for Ists, 7-15s. for 2nds, 3-lOs. for 3rd3. Grey fox ( V. virginiunus) : United States, 30,000. 
Overhair, grey, sprinkled with silver on the back; sides, yellow; tail, ashen-grey; fur, coarse. 
Values, 4-8s. for Ists, 2s. 6d.-3s. 9d. for 2nds, l-2s. for Srds. Kitt fox (17 vo’ez [cincren-argentatm'J)'. 
America, 40,000. Found in N.-W. America, and in Tartary. Smallest of the foxes. Overhair, 
fine ; back, pure grey ; sides, yellow ; belly, white ; fur, coarse. Values, 2s. 6d.-3s. for Ists, l-2s. 
for 2nds and 3ids. Eed or common fox (F. fulvus and V. •ctilgaris) : Europe and Asia, 300,000; 
America, 60,000. Abundant in all northern countries, but the American fur is much superior to 
the European ; the best are from Labrador. Large numbers, the produce of the Caucasus, are sold 
at Tiflis. Shaughae exported 2106 fox-skins in 1878. Values, 9-20s. for Ists, 8-15s. for 2nds, 
3s. 6d.-10s. Gd. for Srds. 

Hamster (Cricetns vulgare [ITus criceius])- — Europe, 200,000. Size, 3 in. x 5 iu. ; hair, short 
and close; back, grey; sides, yellow; sometimes nearly black. Abundant in Germany. Value, 
nominal. Use, for linings. 

Hare (Lepus sp. div.) — Europe and Asia, 4,500,000. Size, various ; overhair, fine ; fur, fine, 
abundant, strong and very long; colour, grey and white; skin, weak. Best from Arctic Eussia. 
Shanghae exported 29,175 (including rabbit) in 1878. Value, 5d.-ls. Used largely for linings, 
cloaks, &c., and about the best hair for hat-makers’ purposes. 

Kolinski or Tartar Sable (JIustela siberiai). — Siberia and Tartary, 80,000. Size, 5 in. x 
15 in. to Sin. x 20 in. ; overhair, IJ in. long; golden-red colour. Value, 2-4s. Uses, dyed to 
imitate dearer sables, and tails for artists’ brushes. 

Lion (Zeo africams, L. asiuticns, &c.). — Found throughout the greater part of Africa, and in 
some parts of Asia. Total, about 500. Best from Asia. Value varies much. Lise, ornamental. 

Lynx. — Europe and America, 50,000. Size, 2 ft. x 3J ft. ; overhair, 3-4 in. long, fine and 
flowing, clear silver-blue, sprinkled with black. In Europe, Felis Lynx (Lyncns virgatus), and L. 
pardinus further south, cheap and abundant at Tiflis. Fur, dark-grey, tinged with red, and having 
dark spots and patches. The winter robe is variously employed. The American Bay Lynx or 
Wild Cat (Lyncus rtifus [felis cuniden^is']) has shorter fur, and longer ear tips; and the fur of a 
variety (L. maculatus) is spotted with brown. The pelts of Bay Lynxes from the Columbia Eiver 
go mostly direct to China. The fur is light but warm ; grey or rusty-brown, spotted with dark and 
rufous. When dyed, it is much used by the Chinese, Greeks, Persians, &o., for cloak linings, robes, 
and mufls. Best from Sweden and Labrador. Values, ll-21s. for 1st large, 9-12s. for 2ad and 
middling, 6-9s. for 3rd and small. 

Marten.— American or Pine Marten or Common Sable {Mustela Imcopus) : America, 130,000. 
Size, 5 in. x 15 in. to 8 in. x 20 in. ; overhair, 1-2 in. long, fine and flowing; fur, close and thick ; 
colour, dark coffee-brown to pale-yellow. Finest from Great Whale Eiver and Labrador. \ alues, 
30-llOs. for dark selected, 15-30s. fur Ists, 10-30s. for small, 7-18s. for pale and seconds, 3-13s. for 
small pale and Srds. Use, for ornament ; tips of tail valued for artists brushes. Beech or Stone 
Marten, or French Sable [Mnstela saxorum [ifartes albogularis']) : Europe, 150,000. Overhair, 
coarse; fur, woolly; colour, dull-grey. Throughout Europe; best from Hungary and Turkey; 
common at Tiflis. Cleverly dyed by the French to imitate real sable. Value, 8-12s. for best 
prime. Baum or Wood Marten {Mustela abichim) : Europe and Asia. 60,000. Overhair, fine ; fur, 
woolly ; colour, brownish ; tail, long and bushy. Value, 20-40s. True Marten or Eussian Sable 
(Maries zibelhm): Eussian Empire, 100,000. Size, 5 in. X 15 in. to 8 in. X 20 in.; overhair, very 
fine and flowing, of rich bluish tint, and li-2J in. long; pelt, very soft, tough and durable. Best 
from Yakutsk (Siberia), next from the Lena, worst from the Lower Amoor ; while very choice 
specimens, of browner hue, are obtained from Kamsehatka. Values, from 600s. for darkest from 
Okotsk, to 4-8s. for poor Saghalien. Uses, ornamental trimmings. 

Jlink ( Putorius vison [TVson lut>-eo!^] P. ingrescens, P^ Cicogncmii, and P. Pichardsonii ) ; America, 
250,000 • Eussia, 50,000. American mink : size, about 6 in. x 18 in. ; overhSiir. shorter and more 
rigid than tlat of the pine marten, but having almost the same degree of bluish lustre. Most 
abundant in JJtddk 9ud H.-W. States ; best from Nova Scotia, Maine, and Labrador. Value, 12-40s. 
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for Ists, 5-1 0«. for2nd3 and small, l-5s. for 3rds. TheEussian mink is smaller, and in all respects 
inferior. Value, 2-6s. for Ists. Uses, ladies' victorines, capes, &c. 

Monkey. — Africa, 40,000. The fur of the White-thighed Colohus, from Gaboon (W. Africa), 
is almost the only kind utilized. The hair is long, thin, and flowing, chiefly black and dun-grey. 
Value, 2-6s. Used for ladies’ muffs. 

Musk-Bat or Musquash. ( Fiber zibethims'). — America, 3,000,000 ; Russia, y)0,000. Size, 

8 in. X 12 in. ; overhair, coarse and light-brown ; fur, fine, thick, and silky. The American 
animal is very prolific in cultivated places ; the best skins come from Vew England and NeT.1 York, 
and a highly prized black variety from Delaware and Maryland. The European is most numerous 
about the Volga, and the adjacent lakes, from Novgorod to Saratov. Values (subject to great 
fluctuations). Is. 6d.-2s. for black Ists, Is. 3<i.-ls. 9iZ. for ditto 2nds, 4-10'i. for ditto 3rds and kitts; 
^d.-ls. 4d. for ordinary Ists, 5-10t7. for 2nds, 2-5d. for Srds and kitts. Used for cloaks, &c. ; dyed , 
and plucked, it closely resembles fur seal. 

Nutria {Myopotamus coypms). — S. America, 3.000,000. Overhair, coarse, rigid, and ruddy ; fur, 
soft, fine, and of a brownish-ash colour; pelt, frequently unsound. Shipped from Buenos Ayres. 
Value, dried skins, l-2s. a lb. Used chiefly for hat-making. 

Opossum. — America, 250,000 ; Australia, a lesser number. Those found in the S. States of 
America have long, coarse, and whitish-grey overhair, and woolly fur. The best come from Ohio. 
Values, Is. 9d.-3s. for Ists, lO-lSd. for 2nd3, l-5d. for Srds. The Australian black opossum gives a 
handsome fur, and its felting qualities should make it valuable to hatters. 

Otter. — All northern countries, 40,000. The European otter {Lutra vulgaris) is much smaller 
than the American (Z. canadensis), which attains to 2 ft. X 5 ft. Overhair, thick and close ; colour, 
brown-black. The best are from Labrador and Canada. Large numbers are brought to Tiflis from 
the Caucasus. Values, 37-56s. for Ists, 29-48s. for 2nds and small, ]2-30s. for 3rds, small and 
cub. Uses, general. Largely employed by Russians, Chinese, and Greeks. 

Otter, Sea (Enhydra manan).— N. Pacific, 5000. Occurs on the coasts of Alaska, Kamschatka, 
and Japan, and was formerly abundant as far south as California, till exterminated by hunters. 
Size, 6 ft. X 2-4 ft. ; overhair, exceedingly fine, and but little longer than the fur; fur, very thick, 
close, fine, and silky ; colour, dark-brown, sometimes with silver points interspersed on the belly 
and throat ; pelt, pliable and firm. Value, from U. or so up to 30-100/. Prime specimens are the 
most highly prized of all furs. Tlie tails are sold separately. The Russians and Chinese are great 
admirers of this fur. Used for ornamenting habiliments. 

Babbit {Lepus CMn! 0 »/Hs).— Europe, 5,000,000 ; Australia and New Zealand are developing a 
great trade in rabbit fur, the animals having become a most serious nuisance. The best skins are 
English, the purest are Polish. The Australian fur is of two kinds : the ordinary wild variety, 
worth 2*. 4d,-28. 6d. a doz. here ; and a silver-grey description, of which about 200,000 are annually 
shipped to London, and bring 4s.-5s. 6rf. a doz. The furs are valueless if taken in summer. Size 
10 in. X 16 in.; fur, thick and fine; pelt, weak; colour, all shades between black and white! 
The best are used by furriers, and it is said that the Belgians have devised a method of making 
them resemble the fur seal. The ordinary are depiivcd of their hair by a machine, conaistin<' of 
four revolving cutters, woiking against a fixed knife. The fur, or “ coney wool,” is used in making 
felt hats (see Hats), and valued at 7s. a lb. ; the coarse hair, for stuffing purposes ; the pelt, for sizet 
snd glue-making; the refuse, for manure. Tlie fur, when removed, is packed in boxes containing 
5 lb., and is in great demand in England, France, Germany, and America. ^ 

Baccoon {Procyon Zotor).-America, 500,000. Size, 1 ft. x 2 ft.: overhair, 3 in Ion- coarse 
bright-coloured, thick and flowing; fur, resembles that of beaver, coloured silver-blue "to -rev’ 
brown and coffee-brown. Some specimens approach the fisher, others the silver fox in beautv of 
Shade, each bringing 1-47 The animal is peculiar to the United States, fiourishin- most in 
oultiyated regions. Best furs from Michigan, next best from Ohio. Values 7-40s f r 1 t .r 
dark, 2s. 6d.-7s. for Ists, Is. 6rf.^s. for 2nds, l-2s. for Srds, 2d.~ls. for Iths. Used"* foriffiin- 
travelling coats, especially in Russia and Germany ; the inferior qualities are employed for felt hat 
making. 

Seal, Fur.— Pacific, 200,000. Several members of the Otariadce afford a valuable fur ■ the 
are chiefly Otaria [Callorrhinus'] ursina, 0. Gillespii, and 0. [^Eumitopius'] Stelleri in the \ Pacific ' 

0. jubata and 0. falklandica, in the S. Pacific, around Cape Horn, and in the S Atlantic as far n th 
as the Rio de la Plata; 0. pusilla [antarctica\ at the Cape of Good Hope aud on the d" 
islands; 0. Bookeri S luA 0. lobata, in Australia and New Zealand; 0. gazella in Ker-uelen’s Land 
The pursuit of the animals has been carried to such a degree in most places as° to cause their 
extermination, and supplies are now mainly afforded by the Prybilov Islands, especially St Paul's 
and St. George’s, in Alaska, though incomparably the finest furs come from the South Sh tk” d 
and South Georgian Islands, in the Antarctic Ocean. The capture of the animals in Alaska ’ 
monopolized by the Alaska Commercial Co., and is limited to 100,000 annually *' The will 
, probably soon become extinct everywhere else. Sizes : wigs, 4 ft. x 8 ft ■'‘lcr-e;k.3 ft x^fiTt 

' • 

* i 


I 
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middling, 2J ft. x 5 ft. ; small, 2 ft. x 4 ft. ; pups, 2-4 ft. long. Overhair, coarse and rigid ; fur, 
fine, thick, silky, and very uniform ; pelt, thin, pliable, and light. Values, salted, of the Antarctic, 
2-10/.; K. Pacific, wigs, 85-90s. ; middlings, 85-120«. ; small, 70-1 05s. ; large pups, 65-95s. ; 
middling do., 60-S5s. ; small do., 50-70.S. ; extra small do., 50-60s. ; grey do., 16s. ; black do., 14- 
16s. Used principally for ladies’ jackets. A cloth imitation is made from mohair (see Hair 
Manufacture|). 

Skujik, or American Polecat (ilephitis americana). — America, 350,000. Size, 10 in. x 16 in. ; 
overlftir, 3 in. long, fine, dark-blue to coffee-brown, thick, flowing and glossy. Many have two 
white stripes from head to tail. Best are from New York and Ohio. Values, 4-lOs. for Ists, 
4-7s. for 2nds and striped; 3d.-3s. for Srds and white. When the coarse white hairs have been 
removed, the fur is much used on ladies’ apparel. 

Squirrel.— Siberia, 6,000,000. Size, 3 in. x 6 in. ; overhair and fur, fine ; colour, pale-blue to 
clear dark-blue ; bellies, white ; tails, long and bushy ; pelt, pliable and tough ; fur, fine, close 
and durable. Best are from E. Sibeiia; those from European Russia are much poorer and paler, 
while the American are worthless as fiir. In universal demand for cufifs, tippets, and linings ; the 
tails are used for boas and brushes. Weissenfels, in Saxony, is a great centre for the dressing of 
squirrel skins. 

Tiger (Felis Tigris ). — Bengal and N. China, 500. Size varies up to 10-14 ft. long. The 
Bengal have short hair, but are well marked ; the Chinese have hair 2-3 in. long. Value of the 
latter, 10-20/. Used for rugs. 

Wolf (Canis ocadentalis, &c.j— Europe and America, 25,000. Size, from 4-6 ft. long down- 
wards ; overhair, long, flowing and coarse, chiefly greyish-brown. The largest are from Labrador; 
the finest furs are from Fort Churchill ; the prairie wolf is inferior in every respect. Numbers are 
taken to Tiflis from the Caucasus. Values, 30-65s. for white and dark Ists, 10-30s. for do. 2nda 
and 3rd3, 14-18s. for grey Ist large, 5-7s. for do. middling and 2nd, Is. 6d.-4s. 6d. for do. small 
and 3rd. 

Wolverine, or Glutton (Gulo /msoms).— R ussia, Norway, and Hudson’s Bay, 3500. Size 
1| ft. X 2Jft.; overhair, coarse, 2-4 in. long: colour, dark-brown, passing almost into black; fur. 
soft and long. Values, 15-25s. for Ists, 5-15s. for 2nd3 and 3rds. Used for mufls and sleigh robes. 

Bibliography.— E. H. Roberts, ‘ Trade in Skins and Furs,’ (Technologist, vol. iii., London : 
1863): Parmelee, ‘Furs,’ (Technologist, vol. v., London: 1865); P. L. Simmonds, ‘Animal 
Products ’ (London ; 1877) ; M. M. Backus, ‘ Fur and the Fur Trade ’ (Boston : 1879). 

GAS [COAL] (Fr., Gaz d la Houille ; Ger., Steinkohlengas). 

In the present article, it is proposed to give a brief resume' of the chemistry and general physios 
of the manufacture and purification of coal-gas, avoiding, as far as possible, descriptive details of 
the mechanical appliances by which such manufacture and purification are practically carried out, 
accounts of the various appliances used at a gas-works, belong more properly to the domain of 
engineering, and the reader desirous of acquainting himself with that branch of the subject is 
referred to°Spons’ ‘Dictionary of Engineering’ and its ‘Supplement,’ in which all the desired 
information will be found. 

The production of illuminating-gas from coal may be considered as a rearrangement of the 
elementary constituents of the coal, under the influence of heat, this rearrangement being so 
conducted as to afford the particular products which are most valu.ible to the gas-maker. Apart 
from the composition of the original coal, there are many conditions which affect the quality and 
general character of the gas produced, chief among which may be mentioned the following, viz. 

(1) whether the coal has been carefully stored, or exposed to a long continuation of atmospheric 
changes ; (2) whether the coal at the time of distillation is wet or dry ; (3) the temperature at which 
the distillation is carried out; and (4), the general perfection of manufacturing details and 
subsequent purification. Briefly stated, the conditions most favourable to success may be thus 
enumerated The coal should be of good quality, rich in hydrogen, and with a low proportion of 
sulphur and ash; it shoidd be used for gas manufacture as soon as possible after its removal from 
the pit, or be carefully stored under cover until required ; at the time of its distillation, it should be 
as dry’ as possible, and the temperature used should be a full cherry-red heat, approaching to 
whiteness ; the gas should be removed from contact with the heated retort as soon after its genera- 
tion from the coal as can be conveniently effected; and lastly, the purification of the gas should be 
efiiciently carried out, more especially with regard to the removal of carbonic acid, sulphuretted 
hydrogen, and ammonia. In discussing the general character of the physical and chemical changes 
which°take place from the manufacture of the gas to its final storage, the subject naturally divides 
iteelf into three heads, viz. (1) Tl^ changes which ^occur during the distillation of the coal ; (2) 
the character of the crude gas ; and (3) the subsequent purification of (he crude material. The 
discussion*of the subject under the three divisions named will now be proceeded with. 

DisTiLn«noi 4 #P the Coal.— T he coal used for the manufacture of gas contains as its elementarj^ 
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constituents, carbon, oxygen, hydrogen, Bulphur, and nitrogen, together with a small but varying 
quantity of mineral matter. When large masses of such coal are subjected to destructive distillation 
in heated retorts, a variety of hydrocarbons are formed, some solid, some liquid, and some gaseous ; 
while, at the completion of the distillation, a large percentage of the original carbon is left in the 
retorts in the form of coke, which, in addition to carbon, contains the whole of the mineral 
constituents of the coaf, and a portion of the sulphur. The character of the hydrocarljons produced 
depends principally upon the temperature to which the coal is exposed. At a low red h^t, liquid 
and solid hydrocarbons are produced in large quantity, with comparatively little gas, whictf, how- 
ever, is of high illuminating value. At a stronger heat, the amount of permanent gases formed 
increases, and the quantity of liquid products decreases in proportion ; while, at a full cherry-red 
heat, the liquid products are small in quantity and the yield of permanent gases is very large. 
The chemical changes which occur during the distillation are somewhat complex, especially when 
an elevated temperature is empl^ed. The oxygen of the coal unites with a portion of the 
hydrogen to form water (H^O), which is evolved in the form of vapour ; part of this water-vapour 
passes away unchanged, and part is decomposed by contact with carbon, carbon dioxide (COj), 
carbon monoxide (CO), and free hydrogen being formed. The greater part of the hydrogen of the 
original coal which has not entered into combination with oxygen, passes off, partly in union with 
carbon, as various solid, liquid, and gaseous hydrocarbons, and partly in the free state. The 
nitrogen is evolved, chiefly in union with hydrogen, as ammonia (NHj), and combined with carbon 
as cyanogen (CN), while the sulphur passes off mainly as sulphuretted hydrogen (H^S), a minor 
quantity forming carbon disulphide (CSj), and other compounds, whose exact nature and 
composition is not known. 

With regard to the hydrocarbons produced from the destructive distillation of large masses of 
coal in closed retorts, there is little doubt that a large percentage of the compounds first generated 
are in great measure decomposed before the products leave tiie retort. It is well known that the 
higher the temperature to which organic substances are exposed, the simpler are the products of 
decomposition which are formed ; while at comparatively low temperatures, compounds of a more 
complex nature are produced. Thus, wlien a mass of coal is placed in a heated retort, the material 
is some time in acquiring tlie same temperature as that to whicli it is exposed. Tlie exterior of the 
mass comes first under the influence of the heat, and the produced gas, if quickly removed from 
contact with the heated surfaces, is of high illuminating value, and rich in olefiant gas (CjH,), and 
other hydrocarbons containing a high percentage of carbon. After some time, the exterior of the 
mass of coal becomes thoroughly charred, its temperature equals that of the retort, and it is 
completely decomposed ; the interior of the mass i.s, however, at tliis stage, still at a comparatively 
low temperature, and, as the heat travels further and further inwards, the hydrocarbons which are 
first produced, having to pass through the suiTouiiding casing of heated carbon, become more or 
less decomposed in transit, a deposition of carbon taking place, and compounds containing a larger 
proportion of hydrogen and less of carbon being produced. At tliis stage of the distillation, the 
gaseous products coutain much miu-sh-gas (CH^). As the whole bulk of the coal becomes more 
and more heated, the hydrocarbons generated in the interior of tlie mass have to traverse a 
gradually increasing layer of spent carbonaceous material at a high temperature, and tlieir 
decomposition becomes more and more complete, until at the close of tlie distillation, tlie' evulved gas 
is nearly pure hydrogen. It will, therefore, be clearly understood why the richest gas, tiiat is to say 
the gas which contains the greatest proportion of carbon, and possesses the highest illuminating 
value, is produced during the first period of the distillation ; also why the gas becomes poorer 
and poorer in light-giving constituents as the distillation progresses, until towards the completion 
of the process, the gaseous products are altogether destitute of illuminating power. It follows also 
that the metliod at present in use for the production of illuminating-gas is, from a scientific d nt 
of view, unsatisfactory in the extreme, as a large proportion of those constituents which possess tte 
greatest illuminating value are decomposed during the carbonization of the coal. Better results 
would no doubt be obtained by the use of large flat-bottomed retorts, in which the coal could be rapidly 
carbonized in thin layers; but there are practical objections to the use of such vessels ^The 
perfection of carbonization would he attained by the use of a mechanical process, by which the coal 
in a moderately fine state of division could be introduced into a heated retort, and then be rapid! 
carbonized, the spent material being discharged at the opposite extremity. Such a process wm 
patented some years since by Porter and Lane, and the gas produced was superior in illuminatin 
qualities to that made by the ordinary method ; but the scheme was not commercially successful 
owing, it is said, to two causes Firstly, the working parts could not be maintained intact for an ' 
iengtii of time at the high temperature which it was necessary to employ; and, secondly the coke 
produced was more or less broken and friabl^, and consequently of less commercial value' than tlmt 
made in the ordinary vfay. 

Having explained the actions which occur during the destructive distillation of the coal the 
^next part of the subject to be dealt with is the character and subsequent treatm&4 of fi,e crude' gas 
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Chakacteb op the Cbube Gas. — At the moment of leaving the retort the crude gas contains a 
mixture of true gases with water vapour, and various solid and liquid hydrocarbons. The following 
list gives the names and formulae of the principal compounds which are present ; — • 


Gases. 

# .. ... 

Liquids. 

Solids. 

• 

•Name. 

Formula. 

Name. 

Formula. 

BoUini;- 

point. 

Name. 

Formula. 

BoiliDg- 

point. 


Hydrogen .. 

H 


"Water.. 

H 3 O 

C. 

100 ° 

c 


C. 

c 

^ Marsh gas .. 

CH. 

c 

riienzol 

C.H 3 

81° 

J 1 Naphthalene 


216° 

•P 

g 

Olefiant gas 
Acetylene .. 

C.H, 

C^Hj 

.0 

5 

Toluol 

Xylol.. ... 

C^H, 

C,H,. 

111 ° 

140°« 

g < Anthracene 

5 I Chrysene .. 

^ 18^12 

360° 

•o 

Propylene .. 

CaH, 

S 

’TS 

Isocuraol .. 

CgH ,2 

170° 




1 Butylene . . 

C.H, 


1 Amylene .. 


35 ° 

Carbolic acid 




Carbonic 



Aniline 

C.H^N 

182° 

or phenol 

CsUbU 

184° 


oxide 

CO 


Carbon di- 


Cresylic acid. 



Carbonic acid 
Sulphuretted 

COj 


sulphide . . 

CSj 

46 ° 

or cresol . 

C^HjO 

199° 


hydrogen . 

H,S 









Ammonia .. 

NH 3 









Cyanogen .. 

CN 









Of these constituents, the greater part of the solid and liquid hydrocarbons naturally separate 
from tile gas as its temperature decreases ; but some of the more volatile bodies are partly or wholly 
retained by the gas, and become an integral portion of the purified product. Of these, amylene 
and carbon disulphide are probably wholly retained by reason of their low boiling-points, while 
water, benzol, toluol, and naphthalene are in part retained in the form of vapour. The heavier 
hydrocarbons are deposited in the hydraulic main, while those of lower boiling-point are separated 
by the action of the condenser. Of the gases proper, ammonia, carbonic acid, and sulphuretted 
hydrogen are considered as impurities, which have to be removed during the process of purification ; 
while the carbon disulphide has also, as a rule, to be partially eliminated from the gas supplied to 
London and the metropolis before it is considered sufficiently pure for consumption. The purifica- 
tion of gas from the impurities mentioned may be said to commence at the condensers, and it is to 
the changes which there occur, together with those suffered by the gas during its subsequent 
treatment, that attention will now be directed. 

Gas Pcbification. — Effects of Condensation . — The term “condensation” as applied to gas 
manufacture signifies the reduction of the temperature of the gas to about that of the surrounding 
atmosphere, in order to eliminate condensable substances, and to ensure the eventual product being 
of a permanent nature before it leaves the works. The gas enters the condensers at a temperature 
of about 3S°-49° (100°-120° F.), and leaves them at a temperature of 10°-21-5° (.o0°-70° F.). 
During the cooling process the gas deposits a large amount of tarry matter, containing various 
hydrocarbons, benzol, toluol, &c.'; a large amount of aqueous vapour is at the same time condensed, 
carrying with it ammonia, carbonic acid, and sulphuretted hydrogen, in combination as ammonium 
carbonate and sulphydrate. Part of the cyanogen present also combines with ammonia, to form 
ammonium cyanide, which, by the reaction of sulphuretted hydrogen, becomes ammonium sulpho- 
cyanide. Small quantities of ammonium sulphide and sulphocyauide are also no doubt formed at 
the same time from the mutual reaction of ammonia and carbon disulphide. The present system 
of condensation is by no means perfect, for the separation of tar by a simple cooling process involves 
the separation from the gas of light hydrocarbons, which, if retained, would add materially to the 
illuminating power. The condenser tar contains as much as 7 per cent, of light naphtha, which is 
separated from the gas, not by the cooling process alone, but by reason of the absorbent power 
which is possessed by the heavy hydrocarbons over the light ones, and by which the latter are 
precipitated. Although the light naphthas of coal-tar have a boiling-jwint not far removed from 
that of water, ordinary gas can permanently retain a considerable quantity of such hydrocarbons in 
the form of vapour at ordinary temperatures. It has been proposed to restore to the gas the light 
hydrocarbons which have been abstracted from it by the action of the condensers, by bringing the 
gas leaving the condensers into contact with the tar heated to a sufficient temperature. A patent 
for effecting this by means of suitable apparatus has been taken out by H. Aitken (No. 2587, 
24 July, 1874), and the result stated to be obtained by the use of his process is a gain of at least 
iliree candles in illuminating pow%r. The value oj the process must not, however, be estimated 
simply b^ the gain to the gas, but by the net difference between gain to gas and loss to tar, the tar 
being deprived of its benzol and toluol, and being therefore of less commercial value. The best 
process fo^thetJmoval of the heavier hydrocarbons without affecting the lighter ones would be to 
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pass the erode gas into a large vessel, where, owing to the greater area, the velocity of the gas 
would he so reduced tliat the particles of heavy tar would be naturally deposited by gravitation, 
the separation being completed by passing the gas through some straining medium, such as wire 
gauze. By such a process, tar could be separated from gas without reducing the temperature 
sufficiently low to cause the precipitation of light hydrocarbons. 

Turning to the effect of condensation upon the substances in gas which are coi^idered as 
impurities, reference may be made to a paper recently read at the Institute of Civil Engineers, by 
Harry Jones, C.E., Engineer to the Commercial Gas Co., and in which are given figures shovAng 
the amounts of the impurities present in the gas at different stages, from analyses made by the 
company’s chemist. Gas made from ordinary Newcastle gas coal was found, on entering the 
condensers, to contain as a mean of several experiments the following amounts of impurities ; — 


Gr. per 100 cub. ft. 


Ammonia Snlpbur<»tted Carbonic 

(NH 3 ). Hydrogen Acid 

(H.2S). (CO2). 

370 1000 1105 


Sulphur in 
other forms 
than H 2 S. 

39 


At the outlet of the condensers, the amounts of the respective impurities were as follows : — 

Sulphur in 

NH 3 . H 2 S. CO 2 . other forms 

thim H 2 S. 

Gr. per 100 cub. ft 285 674 1034 39 

From these figures it will be seen that a considerable reduction takes place in the amount of all 
impurities, except sulphur in other forms than as sulphuretted hydrogen, upon which no action is 
exerted. The partially purified gas then passes to the scrubbers and washers, by the action of 
which the impurities become still further reduced. 

Effect of Scrubbing and Washing . — The portion of the purifying plant which comprises the various 
forms of scrubbers and washers has for its primary object the elimination of ammonia from the gas, 
in such a way that a solution of ammonia is formed, of sufficient strength to be of commercial 
value. The effect of this portion of the plant is, however, not limited to the simple removal of 
ammonia, but also comprises a considerable reduction in the amounts of sulphuretted hydrogen and 
carbonic acid. The apparatus used simply consists of various mechanical contrivances, by which 
the gas is brought at a reduced velocity into intimate contact with water, or witli wetted surfaces. 
The effect of this treatment will be best comprehended by giving the amounts of the various 
impurities in the gas at its entrance to the apparatus and at its exit : — 



NH3. 

HjS. 

CO2. 

Sulphur. 

Gr. per 100 cub. ft, inlet 

.. .. 285 

674 

1034 

39 

„ „ outlet .. 

nil 

625 

645 

39 


It will be seen that the ammonia has entirely disappeared, while the proportions of sulphuretted 
hydrogen and carbonic acid have been considerably reduced, the greatest reduction having taken 
place in the amount of the last-named compound. The reduction of the two impurities (H.S and 
COj) during the passage of the gas through the scrubbers and washers is due to the same* cause 
that effects a diminution in the amounts of these impurities in the condenser, viz. combination 
with ammonia. The solutions of ammonia produced in the condenser, the washers, and the 
scrubbers, constitute, when mixed, the “ ammoniacal liquor” of commerce ; its strength, that is the 
quantity of ammonia which it contains, varies with the character of the coal, and the amount of 
water used in the scrubbers. From ordinary Newcastle gas-coal, the yield of a ton may be taken 
as about 28 gal. of “ 7-oz. liquor,” i. e. liquor containing a sufficient amount of ammonia for 1 gal. 
to neutralize 7 oz. of sulphuric acid (sp. gr. 1 -85). 

The following Table shows the composition of ammoniacal liquors of different strengths : 


Where from. 

“ Ounce 
strength. 

Total 

ammonia. 

Ammonia 
shown by 
acid. 

Fixed 

ammonia. 

Carbonic 

acid. 

Sulphuretted 

hydrogen. 

Average of 20 commer- \ 
cial samples . . 

1 

Percentage. 

Percentage. 

Percentage. 

Percentage. 

Percentage. 

, 7-0 

1-74 

1-510 

0-23 

1-28 

0-60 

Extra strong sample from 1 

21-5 

4-73 

4-674 

0-054 

5-18 

1-84 

Ditto ditto 

13-75 

3-04 

2-989 

0-054 

3-75 

1-07 

No. 1 scrubber (nearest 1 
crude gas) .. ..,1 

5-75 

1-28 

« 

1-248 

, 0-032 

1-34 

0-44 

No. 2 scrubber 

1-56 

0-34 

0-330 

0-010 

0-37 

0-18 

No. 3 do 

0-18 

0-06 

0-047 

0-013 

0-06 

V-03 

V 
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The “ fixed ammonia ” Bhown in the last Table is that part of the total ammonia which does 
not exist in the form of volatile compounds, such as the sulphydrate and carbonate, and which is 
consequently not shown by an ordinary estimation by standard acid. The “fixed ammonia” 
consists principally of hyposulphate and sulphocyanate, with a little sulphate. The sulphocyanide 
is chiefly derived from the mutual reaction of cyanogen, ammonia, and sulphuretted hydrogen. 
The hyposulphate and sulphate are most probably formed from the oxidation of ammonium 
suljJiydrate by the oxygen dissolved in the water supplied to the scrubbers, and by the small 
quantity of air as an accidental impurity present in the gas. An abnormal amount of hyposulphate 
and sulphate is sometimes produced on first starting a scrubber containing fresh coke, probably 
owing to the oxygen condensed in the pores of the material. A similar production would occur 
if any crack or orifice existed in the retorts, through which, by the action of the exhauster, furnace- 
gases charged with sulphurous acid were drawn in. 

The gas, as it leaves the scrubbers, should be practically free from ammonia. Sometimes, 
however, difficulty is experienced in attaining the desired result, coincident with the employment 
of such a limited amount of water as to produce ammoniacal liquor of saleable strength. In such 
cases, supplementary means for removing the small amount of residual ammonia are sometimes 
adopted, chief among which may be mentioned the use of the material known as “ carbon ” or 
“ acid carbon,” the employment of sawdust moistened with weak sulphuric acid, and the use of 
crude sulphate of iron (copperas). The material known as “ carbon” is sawdust whicli has been 
mixed with strong sulphuric acid, and subsequently subjected to heat, by which more or less complete 
carbonization has been effected. The action of this material as a purifying agent for the removal 
of ammonia is the same as that which takes place when sawdust moistened w ith weak sulphuric 
acid is used, and consists in the simple union of the sulphuric acid and ammonia to form 
ammonium sulphate, thus— H^SOj -|- 2NH3 = (NH^j^SO,. In the case of copperas, the action is 
as follows : — 

FeSO, + 2NH3 + H3O = (NH.jjSO, + FeO. 

Sulphate Amnittnium Ferrous 

of iron. Ammonia. Water. sulphate. oxide. 

The sulphate of iron and the ammonia thus form sulphate of ammonia and protoxide of iron 
(ferrous oxide). The ferrous oxide then reacts on the sulphuretted hydrogen, sulphide of iron 
(ferrous sulphide) and water being produced, thus — FeO -1- H^S = FeS -f H.O. 

It remains to describe the changes which occur during the subsequent purification of the gas 
from tlio residual sulpliuretted hydrogen and carbonic acid, as well as from carbon disulphide. 

The gas, as it leaves the sorubbeys, supposing those vessels to be thoroughly efficient, may be 
taken as containing the following average amounts of impurities : — 

Sulptiur in 

NH3. H2S. CO2. other forms 
than HqS. 

Gr. per 100 cub. ft nil 625 645 39 

Of these impurities, the carbonic acid and sulpliuretted hydrogen have to be completely removed, 
while the sulphur in other forms than H^S has (in all the London gas-works) to be reduced to 
less than 20 gr. per 100 cub. ft. For the sake of brevity, the sulphur in other forms than H.S will 
for the future be spoken of simply as “sulphur.” The removal of sulphuretted hydrogen and 
carbonic acid is comparatively simple, reduction of the amount of sulphur being attended with the 
greatest difficulty. For the removal of sulphuretted hydrogen the best material is the hydrated 
sesquioxide of iron (Fe.Oj SH.O), known technically as “oxide,” and which is found native iu many 
localities. It is best mixed with sawdust before being used, in order to lessen its density and 
permit the gas to pass through the mass with greater facility and with less “ back pressure.” For 
the removal of carbonic acid, slaked lime is invariably employed ; lime will also absorb sulphuretted 
hydrogen, but is objectionable for this purpose, by reason of the nuisance arising from the spent 
material. For the removal of sulphur, lime is also used, but in a special way. 

Effects of Oxide Tieatment . — The action which takes place when the hydrated sesquioxide of iron 
is brought into contact with sulphuretted hydrogen is the formation of ferrous sulphide (proto- 
sulphide of iron), free sulphur, and water, thus — 

FcjOj, SHjO + 3H.2S = 2FeS -I- S + SHjO. 

AVheu the material has become thoroughly saturated with sulphuretted hydrogen, it is removed 
from the purifier and spread out in a layer about 6 in. thick, moistened with water, and turned over 
frequently iu order to thoroughly expose it to the action of the air. The material then heats, by 
the absorption of oxygen, the ferrous sulphide becoming converted into hydrated sesquioxide of 
*iron, and its sulphur is set free, thfls — • , , 

• . 2FeS + SHjO -1- 30 = Fej03,3Hj0 -1 - 2S. 

This procfes iaftrmed “ revivification,” and the regenerated material is then ready for further use. 
It is thus alternatelv employed and revivified a great number of times, bcfo)^ it is so surcharged 
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with sulphur that it is desirable to substitute a charge of fresh oxide. The spent product is of 
commercial value, chiefly on account of the quantity of free sulphur which it contains. The 
composition of a good sample of spent oxide should be: moisture, 13'40: free sulphur, 58‘65; 
ammonia salts (chiefly sulphocyanate), 7'85< oxide of iron, with a little siliceous matter, 10‘30; 
organic matter, 9 • 80. In this analysis the amount of cyanogen is not shown ; it would comprised 
in the organic matter, and exists in the oxide as cyanide, or possibly ferrocyaiiide of iron. The great 
merit of oxide as a purifying agent consists in its capacity for regeneration, and in the eomyara- 
tively odourless character of the material when removed from the purifiers after exposure to 
sulphuretted hydrogen. 

Effects of Lime Treatment . — The lime used for gas purification should be in a particular condition, 
in order to ensure good results. Besides being thoroughly slaked, sufficient adilitional water must 
be subsequently added to make the material wet enough to cake when pressed in the hand ; small 
lumps should not be excluded, as they tend to make the mass more pervious to the gas. The action 
of carbonic acid on slaked lime (calcium hydrate, CaOHjO) is the formation of carbonate of lime 
and water, thus — 

CaOHjO + COj = CaCO, + H.,0. 

The action of lime on sulphuretted hydrogen consists in the formation of the compound CaSH.jS 
(calcium sulphydrate) and water, thus— 

CaOn^O + 2HjS = CaSHjS + 2H,0. 

Considering that “oxide" is the best material for absorbing sulphuretted hydrogen, and lime the 
best for carbonic acid, it would seem on first consideration most desirable to free the gas first from 
HjS, by oxide, and then from CO^, by lime. The objection to this system is, that when lima 
absorbs carbonic acid without sulphuretted hydrogen being present, the material becomes dense, 
and the gas passes through it with difficulty. Where, however, the lime is placed before the oxide, 
and is consequently exposed to the action of sulphuretted hydrogen, this difficulty does not arise, 
and if exposed for a sufficient period to the action of the gas, the whole of the lime becomes 
eventually converted into carbonate, and can be removed from the purifier without nuisance. 
This arises from the fact that carbonic acid is capable of decomposing the calcium sulphydrate 
carbonate of lime being formed, and sulphuretted hydrogen set free, thus 

CaSHjS + COj + HjO = CaCOj + 2HjS. 

The first action of carbonic acid and sulphuretted hydrogen on lime may be assumed to be the 
simultaneous formation of carbonate and sulphydrate of calcium. As the action proceeds the 
sulphydrate becomes decomposed by carbonic acid, and the sulphuretted hydrogen is driven 
forward, so that the last-named compound becomes gradually in advance of the carhoiiio acid and 
makes its appearance first at the outlet of the purifier. The following diagrammatic section' may 
be supposed to exhibit the condition of a lime purifier which has been exposed for some time to 
the action of COj and HjS : — 


Outlet. 
Gas free from CO3 
aud H2S. 


Clean lime. 

Calcium sulphydrate. 


Mixture of calcium carbonate and sulphydrate. 


Calcium carbonate. 


Jnlet. 


tioii contain.s COo 
and H^S. 

After the action has continued for some time, the contents may be illustrated as follows ■— 


Outlet. ■<— 
Gas free from COo, 
but contains H2S, 


Cnlcium sulpliydrate. 

Mixture of calcium carbonate aud sulphydrate. 


Calcium carbonate. 


Calcium carbonate. 


• Inlet. 

Gas contains COo 
and HgS. 

A further stage in the process is the advance of the carbonic acid, so that the whole contents of 
the purifier have become carbonate. The diagrammatic sections do not, of coiuse aocur t 
delineate the condition o^a lime purifier; they«are simply intended to illustrate the order in which* 
the various substances present would be arranged. In practice there are many reasons why even 
an approximation to any definite division between the various compounds in th^ j)urifier should 
net exist. The velocity of the gas is invariably so rapid that complete and instantaneous oombina 
• ■ . « 
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tion cannot take place, and the action is not, therefore, limited to the first surfaces of contact, but 
extends for some distance upwards in the direction of the current of gas. Again, however 
carefully the purifying material may be arranged, there are sure to be, in practice, some portions 
which are less dense than others, and in the direction of which the gas will have a tendency to 
pass, as affording less resistance, a condition which will give inequality of action over any given 
area. * 

Jt flow remains to describe the usual means adopted for the removal of sulphur. Fresh lime 
appears to exercise little or no action upon this form of impurity ; but when the lime has been 
previously exposed to the action of sulphuretted hydrogen, it becomes capable of removing the 
sulphur to a large extent, reducing the total quantity normally present in unpurified gas to an 
extreme limit of 5-7 gr. per 100 cub. ft. The particular lime compound which is active on sulphur 
is not known, but it is generally assumed to be calcium sulphide (CaS). It is difficult to understand 
how this compound can be formed ; this much, however, is known, firstly, that after lime has been 
thoroughly exposed to the action of sulphuretted hydrogen, it will remove sulphur from gas ; and 
secondly, that carbonic acid must be excluded from the lime which lias been used for this purpose, as 
otherwise the sulphur which was taken up will be expelled. The compound formed when sulphur, 
presumably existing as carbon disulphide, is removed by sulphuretted lime, is probably calcium 
sulphocarbouate fCaSCSj). The action' of carbonic acid on this compound would be to form 
carbonate of hme, carbon disulphide, and sulphuretted hydrogen, thus — 

Cases, + CO, + H,0 = CaCO, + H,S + CS,. 

Various systems of using purifying materials are in nse at different gas-works, the exact method 
adopted depending on the particular experiences of the engineer, and on the necessity for avoiding 
nuisance. The simplest system by which sulphuretted hydrogen and carbonic acid can be removed, 
coincident with a reduction in the amount of sulphur, is the ordinary “rotation system," as it is usually 
termed ; but this system cannot be adopted in places where the works are situated in a populous dis- 
trict, and have consequently to be conducted with as little nuisance as possible. In this process, a 
series of four vessels of sufficient size (about 0 "4 sq. ft. area for every 1000 cub. ft. of gas passing in 
24 hours) are employed, and charged entirely with lime. It will be remembered, that when speaking 
of the use of Ume, it was shown that by the continued action of foul gas containing CO, and HjS, 
the HoS was always in advance of the CO, at the outlet of a vessel. The effect of this in a series of 
ve.ssels is that there is always sulphuretted lime in advance of tlie lime which is taking oht CO„ 
and this sulphuretted lime is capable of absorbing carbon disulphide. At the outlet, therefore, of 
the set of vessels, the gas will not only be free from CO, and H,S, but the amount of sulphur will 
be materially reduced, viz. to about 12 gr. or less. The conditions for successful working would 
occupy too much space to describe in detail, but consists chiefly in taking off the first vessel in the 
series, sufficiently often to effect the desired result, the vessel when recharged taking its place as the 
last or No. 4. It is best, in practice, to have an additional vessel charged with oxide, as No. 5 in 
the series, its function being to stop any small quantity of H,S that may occasionally pass from 
No. 4. The nuisance occasioned by the use of this system is the chief' drawback to its more 
extended employment, as the vessels have to be discharged while their contents contain much 
sulphuretted hydrogen. The lime in this conditiou heats rapidly when exposed to the air, and 
evolves a portion of its sulphuretted hydrogen, occasioning a corresponding amount of unpleasant 
smell. One of the best methods of purification, and one which creates the minimum of nuisance is 
that employed by H. Jones at the works of the Commercial Gas Co. A series of four vessels are 
used for the removal of HjS and CO,. Each of these vessels is charged with a certain quantity of 
lime, abovg which is placed a certain quantity of oxide, the comparative amounts of each material 
being so proportioned that the lime is sufficient for the carbonic acid, and the oxide for the 
sulphuretted hydrogen. Each impurity is thus removed in the least ofiensive way, viz. the 
carbonic acid as calcium carbonate, and the sulphuretted hydrogen as ferrous sulphide. The 
gas leaves this set of vessels free from CO, and H,S, the sulphur being on the average somewhat 
less than 30 gr. per 100 cub. ft. The gas then passes to a special series of four vessels, two only 
of which are as a rule in use. These vessels contain lime which has been well “ sulphided,’’ i. e. 
saturated with 11,8. Here the sulphur is reduced to about 10 gr., frequently to even less than 
that amount. Finally, the gas passes through a purifier charged with fresh lime and oxide, to 
absorb any traces of sulphuretted hydrogen that might otherwise pass unarrested. The “ sulphide ’’ 
vessels are kept in action as long as the contents will absorb sulphur, and, when thus worked, 
occasion practically no nuisance on being discharged. The spent lime heats but very slightly, and 
does not throw off any sulphuretted hydrogen. 

« Many attempts have been mjile to effect the ]»urification of gas in.closgd vessels by means of 
liquid jpagents ; but although they have been attended with some degree of success, success in the 
commercial sense has not yet been attained. The best results have been obtained by Leigh, of 
Muncliesler, -sflliose process consists chiefly in the preparation of the polvaulphides of ammonium, 
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from gas-li(iuor mid sulphur, for employment in the removal of carbon disulphide; and Hiirs 
process, which is mainly for the purification of gas from COg and HgS, by means of a solution ot 
ammonia, prepared by heating ordinary ammoniacal liquor to a temperature of about 82^ (180® F.). 

At this temperature, the ammonium carbonate and sulphide in the liquor are decomposed, COj 
and HgS passing off in the gaseous state, together with a small quantity of ammonia, while the 
bulk of the ammonia present is left in the liquid. The cool liquor is used for absorbing fre&h 
quantities of COj and H 2 S from the gas, and, when saturated, is again purified. The prtcess 
was in use for some time at the works of the South Metropolitan Gas Co., under the direction of 
Livesey. It is to he hoped that the purification of gas by liquid media will yet be accomplished, 
as the facility of working, and freedom from nuisance, would be much greater than where solid 
purifying agents are used, as at the present time. 

Bibliography. — See Bibliography, at end of article on Coal-tar Products (p. 68-1) ; also lists of ^ 
works relating to gas, at the end of articles on Gas Manufacture, in Spons’ Dictionary of Engineer- 
ing, and Supplement. 

(See Alkalies — Ammonia ; Coal-tar Products.) H. L. G. 

GEMS (Fr., Gemmes, Pierres fines ; Ger., Gemmen^ Edelsteirw). 

The term “ gems” or “ precious stones,” is applied to a very limited number of minerals con- 
spicuous for their brilliancy and beauty of colour, and for their rarity and durability. They occur 
as druses in veins and fissures in the earth’s crust, as geodes in the igneous rocks, and as accidental or 
accessory crystals in the older metamorphic formations. They are never met with in great profusion, 
and only a small proportion of tliose found possess purity and brilliancy in the highest degree. 
Consequently, their value is subject to but slight changes, and a remunerative market is always 
ready for them. 

In this article, will be described only the most esteemed gems, numbering less than a dozen ; 
the description will include tlieir chemicdl and physical characteristics, their geographical and 
geological distribution, the modes of obtaining them, and such statistics of their production as may 
he available. 

Artificial Gems. — The fabrication of compounds in imitation of gems has assumed the 
importance of an industrial art, and is prosecuted with skill and capital. It is carried on principally 
in France, in tbe Jura, Franche-Comte, the communes of St. Claude, Septmoncel la Meure, les 
Molunes, and surrouuding districts. The basis of these imitation products is a pure, fusible, brilliant, 
transparent and dense variety of glass, termed “ paste,” or strass, appropriately tinted by the 

addition of metallic oxides. The proportions (by weight) of the ingredients of this paste are : 

Pure pulverized silica, 45 '7 parts ; pure dry carbonate of soda, 22-8 ; calcined boiax, 7'6; saltpetre 
3‘4; pure red-lead (minium), 11'8. The source of the silica is rock-crystal; fliut contains 
impurities. Each ingredient is separately reduced to an impalpable powder ; they are then 
intimately mixed in due proportion, and placed in a Hessian crucible heated by charcoal; the 
temperature is raised gradually till fusion has commenced, and is then maintained with the utmost 
uniformity for 20-30 hours ; they are finally cooled very slowly. The density and beauty of the 
product depend upon the regularity of the fusion, the intimacy of the combination, and the slowness 
of the cooling. The cooled compound, without any further treatment, is cut up, polished, set and 
foiled, in imitation of the diamond. Counterfeits of the other gems require the addition of pii'uients 
in which some variety prevails. Thus imitation topaz is made by fusing 40 parts of glass of 
antimony, and 1 of purple of Cassius, with 1000 of the paste. From this compound at its opaque 
stage, ruby may be simulated, by melting 1 part with 8 parts of paste, in a Hessian crucible for 30 
hours, in a glass-furnace ; the product is a yellowish crystal, which, remelted by the bIo\(»|)ipe’ \ields 
a mass resembling the finest ruby. Another colouring agent for topaz is 1 -59 per cent, of oxide of 
uranium ; and another for ruby is 5 parts of peroxide of manganese, and a trace of purple of Cassius 
to iOOO of paste. Emerald is imitated by 1000 of paste, 8 of oxide of copper, and O' 2 of oxide of 
chromium ; or, 0'53 per cent, of oxide of iron. For sapphire, mix 1000 of paste and 15 of oxide of 
cobalt; or. O' 106 per cent, of carbonate of cobalt. Spurious emeralds, tut.rlly diiferent from the 

above, have recently appeared in the market. Bryce Wright states tlieir composition to be - Silica 

35-70; lime, 41'66; soda and potash, J3'00; “beryelia” (? beryllium, or berzelin), 9'54- 
traces of iron, chromium and lead ; alumina is not present. They are readily known by their hi 1 
sp. gr. — 3 '402— and by their optical properties; but their colour exceedingly well imitates the 
true gem, and they are flawed with remarkable faithfulness. None of the above compounds di 1 
the optical properties, the hardness, the sp. gr., nor the chemical constituents of the true ^ 
Another system of fraud, more difficult to discOTcr, is the facing^of pieces of worthless transit t 
material with thin slices Of the real gem, affixed by means of an invisible cement ; but this is not 
commonly practised. (See Glass.) n 

In quite another category from the above-described tricks, intended only to deceive tks eye and 
ttfns to palm off rublf>ish at a very fictitious value, must be placed recent discoveries permitting the 
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synthetic production of several gems, differing in no essential respect from their natural prototypes. 
The first success of the kind was achieved by Fremy and Feil, in the artificial formation of ruby 
and sapphire, differently coloured and crystallized forms of corundum. The process is as follows : — 
A fusible aluminate is formed by calcining equal weights of alumina and red-lead in a double fire- 
clay crucible at a bright-red heat for 20 days. During the operation, the lead salts attack the 
silica of the cjucible. On cooling, two layers of matter are found ; one is vitreous, and composed 
chiefly of sfilicate of lead ; the other is crystalline, and consists of alumina or corundum. To produce 
ruby-co?oured corundum, 2-3 per cent, of bichromate of potash is added to the ingredients in the 
crucible ; the blue of sapphires is obtained by using small quantities of oxide of cobalt and bichromate 
of potash. Another method of producing rubies is by calcining equal weights of alumina and fluoride 
of barium, with 2-3 per cent, of bichromate of potash, in a covered crucible. In these manners, are 
*prodnced large masses of a substance having all the hardness of natural ruby, and probably capable 
of wide industrial application, even though it should not possess the brilliancy of true gems. 

Perhaps even more important from a scientific point of view, is J. B. Hannay’s discovery resulting 
in the artificial formation of the diamond. For the many unsuccessful preliminary experiments, 
the reader is referred to his interesting paper read before the Eoyal Society. The only successful 
result was obtained in the following maimer. A coil-tube of Lowmoor iron, measuring 20 in. long, 
4 in. diameter, and J in. bore, was f-filled with a mixture containing 90 per cent, of bone-oil (the 
nitrogenous distillate obtained in the manufacture of bone-charcoal), taking only the portion 
boiling at 115°-150° (239°-302° F.), and rectified over solid caustic potash, and over sodium ; 10 
per cent, of paraffin spirit boiling at 75° (167° F.) ; and 4 grm. of lithium. The tube was closed by 
welding, and was then heated in a furnace to a visible red heat for 14 hours, and allowed to cool 
slowly. On opening the tube, a great volume of gas was given off, and very little liquid remained. 
At the end which had been uppermost (obliquely) in the furnace, was a hard, smooth, adherent 
mass, which, when removed and pulverized, disclosed microscopic fragments of crystalline carbon, 
differing from natural diamond in no respect save brilliancy. Thus, though a great achievement 
scientifically, the cost and difficulty of the process, and the insignificant value of the product, 
preclude at present its commercial application. 

Diamond (Fa., Diamant ; Geb., Diamant, Demant). — Composition, pure carbon ; hardness, 10 ; 
sp. gr., 3 ‘515-3 •525; varies from colourless transparency to white, grey, brown, red, yellow, green, 
blue, and even black. 

In Europe, diamonds are of rare occurrence. A very doubtful one is said to have been picked 
up in Ireland, another was found at DIasohkowitz, in Bohemia, and numbers of small ones, the 
largest not 8 carats, occur in the gold washings near Bissersk, on the western side of the Urals, in 
a mica-slate formation. 

The diamond-fields of Asia were formerly of considerable importance, notably those of India, 
and though now almost abandoned, and affording but a poor return to the few diggers engaged, 
they would probably repay systematic and scientific exploration. Diamonds have been found in 
the Ganges Valley ; are still washed as far north as Sambalpiir, and in the Majnodi, an influent of 
the Mahanadi ; on the Upper Nerbudda ; on the line of the Godavery ; and on the course of the 
Krishna. The extreme points of this district would be Masulipatam and the Ganges Valley, 
embracing some 90,000 sq. miles. The most southern group of diamond strata is about Cuddapah 
on the Pennar, and at Condapetta and Ovalumpally ; also at Landur and Pinchetgapadu, and still 
farther beyond the Pennar Valley to Gandieotta and Gutidrug. The strata here are : — topmost, 
IJ ft. of sand, grit, and loam, followed by 4 ft. of tough blue-black muddy earth, resting upon the 
diamond bed, 2-2J ft. thick, consisting of rounded pebbles (much hornblende) and grit, bound 
together by loam. The next group is 15 miles northwards, on the west side of the Nalla-Malla 
Hills : the beds here are only about 1 ft. thick. A third group, of greater magnitude, is that of 
Ellora, on the Lower Krishna, and embracing the so-called Golconda diggings, from the fort of 
that name, where the stones are brought for sale. The chief finds are at Mallivully, about 
6-7 hours W.-S.-W. of Ellora, and at Partial, near Condapilly, on the N. bank of the Krishna. 
Here the diamonds occur in alluvium 20 ft. deep. The Sambalpiir group lies in the bed of the 
Mahanadi, from Ohunderpore to Sonepore, about 24 miles. The best is mostly tough reddish clay, 
with pebbles and a little sand. The Ganges group lies in a sandstone range, southward of that 
river, principally at Myra, Etawa, Kamaruja, Brijpnr, and Baraghari. In India, the dry grounds 
are worked by sinking shallow pits to reach the diamantiferous stratum, and the latter is broken 
up before being subjected to the common washing process for removing the earth. Among other 
Asiatic countries, China possesses diamonds in the streams and sands from the Chiukang-ling range, 
about 15 miles S.-E. of Yichow-fu, in Shantung. Their size varies from that of a nullet-seed to a 
pin’# head. Numbers of diamonds, soi»e of great size ajid purity, occur in the ^gatoos Range, in 
the S.-E. of pomeo, in a sand and gravel bed about 6 ft. thick, resting on serpentine, and overlaid 
by 30-40 ft. of red clay ; in Landak, in the N.-W. part of the island, they are also found. 

Africa recently ’ffeld the foremost position among diamond-producing countries, and still 

• 3 X 



104:2 


GEMS. 


continues to furnish very large supplies. The fields lie chiefly in the Colony of Griqnalaud West, in 
the valleys of the Vaal, Modder, Veit, Orange, and other rivers, draining the Drakenberg (Quath- 
lamba) Mountains. The area proved to be diamantiferous is already very large, though bat little 
has been done to determine its limits. The stones are sought in two distinct formations — in the 
recent alluvial deposits of the river-valleys; and in “pans” or basins of considerable depth 
(commonly 100-200 ft.), containing a peculiar igneous conglomerate. Throughout thisjnass, diamonds 
are scattered with greatly regularity. It is broken down, suffered to bake in the sun /or several 
days, and then washed in “cradles” or “long-toms,” such as are employed in alluvial gold%iining. 
Great variety of character is to he noticed in the stones from different localities ; those from the 
river-sands are waterworn, but the whitest of any, and bring the best prices ; those from Dutoifs 
Pan are large, off-coloured and yellow ; those from Bultfontein are small bevelled octahedrons, 
pitted on the surface ; those from Kimberley are smaller and whiter than those from Dutoit’s Pan.^ 
About 10 per cent, are of Ist quality, 15 of 2nd, 20 of 3rd, and the remainder merely “bort,” 
and not reckoned as gems. Their colour is classed as “ white,” “ Cape white,” bye-water,” “ off- 
colour,” and “ yellow.” The total value of the diamonds taken from these diggings is estimated 
at 15,000,0001. The returns of the exports, which, of course, understate the truth, are : — in 1868, 
1, value 150/. ; 1872, 45,830, value 306,041?. ; falling, in 1877, to 83, value 330/. 

N. America claims to afford diamonds in California and Oregon, where they are occasionally 
found in the golJ-sluices ; their size is very small. They are also mentioned in Arizona, Georgia, 
KT. Carolina, and in the Sierra Madre, near Acapulco (Mexico). 

Brazil was the chief source of diamonds at the close of last and opening of this century. The 
most productive districts are Diamantina (Tejuco), in Minas Geraes, Diamantino, in Matto Grosso; 
also on the Bio Claro, on the Eio Tibagy, in Sao Pedro do Bio Grande do Sul, and in Sao Paulo, 
The total area of distribution is yet far from being known. The stones are sought for in the 
cascalho, a loose deposit of gravel, clay, and quartz lumps, containing gold, and supposed to be the 
detritus of “ itacolumite,” a quartzoze mica-slate, or metamorphosed sandstone, in which diamonds 
also occur. This latter is too hard to repay working, and operations are confined to washing the 
cascalho, as if for gold. The stones are mostly small, averaging but little more than 1 carat. The 
exports from Bahia in 1878-9 were 8269 grm., value 709,324,000 reis (1000 reis = 4s. S-Ji), of 
which, France took 574,854,400 ; Great Britain, 132,587,200 ; and Portugal, 1,882,300. 

Several of the Australian Colonies yield diamonds, though not of great size nor in large number. 
The most noted locaUties are the Macquarie and Mudgee river-valleys, and Bingera, all in New 
South Wales. The finds are in the auriferous drift of dead rivers, overlaid by Pliocene basalt. 
They also occur in the Cudgegong Biver, 19 miles north-west of Mudgee. In South Australia, 
they are found near Echunga, about 20 miles south-east of Adelaide ; in Victoria, at Beechworth 
and Collingwood Flat.^ They are reported from N.-E. Gippsland and from New Zealand. 

Emerald (Fa., Emeraude; Ger., Smarajd).— Composition, 65 per cent, silica, 14 alumina 
13 glucina, 3-5 oxide of chromium, 2-5 lime; hardness, 7-5; sp. gr., 2-7; colour, rich deep^ 
green; somewhat brittle, transparent to subtranslucent. Europe is said to possess emeralds in 
Norway and Austria. In Asia, they have been found in the Urals and Altai Mountains in 
Burmah, and on the Siberian frontier of China. African emeralds are found in mica-slate beds in 
the Saliara, and at the junction of the Harrach and Qued Bouman Bivers, in Algeria. The 
principal modem source of the gem is in S. America, between the mountains of New Granada 
(Colombia) and Popagan. The most celebrated mine is that of Muzo, in the Tunka Valley, about 
four days N.-N.-W. of Bogota. The formation is a secondary limestone, containing veins of 
calcareous bitumen, in which the gems are found imbedded. Mining operations are necessary and 
the broken-down material is washed in ground sluices. The production is very variable and no 
statistics exist. Stray emeralds are reported from Victoria and New South Wales. ’ 

Lapis Lazuli (Fb., Pierre ollaire ; Geb., Topf stein, iatrei^s/etVi).— Composition, 45-50 per cent, 
silica, 30-32 alumina, 9 soda, 6 sulphuric acid, with minor quantities of lime’ iron, chlorine 
and sulphur; hardness, 5-5; sp. gr., 2-4; colour, ultramarine or fine azure-blue of varyine 
intensity, depending, it would seem, upon the proportion of iron and sulphur. The stone occurs in 
Asia, and S. America. A celebrated mine is in the valley of the Kokcha, in Badakhshan • here it 
is met with in an unstratified limestone, and is extracted by heating the surface of the rock so th 
it can be flaked off by smart blows till the stone is exposed. Another source is the shores of th 
Shudank, near the Baikal Lake ; also in many parts of China, and reputedly on the Indus In th^ 
Cordillera of the Andes, near the sources of the Cazadero and Vias, tributaries of the Eio Grand ^ 
the gem is found in a thick stratum of limestone, accompanied by small quantities of iron pyrit 

Opal (Fb., Opale; Geb., Op«/).— Composition, 90-95 per cent, silica, 5-10 water, with tr^ee 
of iron, potash.^oda^ lime, alumina, &c.i of various colo"rs and many varieties; ’the nobk'^ ^ 
precious opal, the only one to be considered here, exhibits a beautiful play of colour by refracted 
and reflected light. The only two sources of precious opal are Hungary and Mexico, the produ t 
of the former being by fer the more valuable. The Hungarian mines are sitiihted St ’nubrick and 
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Cservenicza in the Carpathians. The stones occor as druses, irregularly scattered throughout the 
interstices of an andesite, or trachytic lava, forming the mass of the mountain. These opals vary 
in value from 11. to 51. a carat, and even higher, and are almost the only ones employed by 
jewellers. The Mexican and Honduras stones come from Esperanza, Amealeo, and Real del 
Monte, occurring in a porphyritic formation. They are beautiful when new, but soon lose their 
beauty, and a* worth only a few pence a carat. S. Australia is said to afford a few specimens 
resembling the Hungarian ; and some of particular beauty are reported from Beechworth, Victoria. 

Rufty (Fb., Suhis; Geb., Euhiti). — Composition, varies from about pure alumina, to a compound 
containing 10-20 per cent, of magnesia; hardness, 9; sp. gr., 4 • 6-4 • 8 ; colour, various shades of 
red. The ruby is essentially an Eastern gem. One celebrated mine is situated about 20 miles 
from Ish-kashm, in a district called Gharan, on the right bank of the Oxus. The formation is 
^either red sandstone or magnesian limestone, easily worked ; the stones occur encased in nodules 
in seams and spots in the rook. Superior gems are found at Mo-gast and Kyat-pyan, 5 days S.-E. 
of Ava, the workings being a monopoly of the King of Burmah. Perhaps the finest come from a 
district between the north-east of Mandalay and the west of the Upper Solween River. Another 
noted locality is at the foot of the Capelan Mountains, near Sirian, in Pegu, where fine rubies are 
not rare ; also near Kandy, in Ceylon, where good stones are very scarce. One has been found near 
Mount Eliza, on Port Philip Bay, Victoria ; also one in Queensland ; and another in New Zealand. 
Rubies of pure colour and fair size are the most valuable of all gems. 

Sapphire (Fb., Sapliir; Geb., Sapkir ). — Composition, about 98-5 per cent, of alumina, with 
oxide of iron and other colouring matter; hardness, 9 ; sp. gr., 4 * 6-4 ■ 8 ; colour, from translucent 
yellow or white, to violet. Sapphires of great beauty are found in and near the Iser Mountains, in 
Bohemia, and in the bed of the River Iser, mostly in quartz sand and granite detritus. In Ceylon, 
good sapphires are not rare. Quite a rush has recently taken place to the mines of Battambong 
and Chantubong, in Siam, whence a stone of the finest water, weighing 370 carats in the rough, is 
credibly reported. Blue and white stones of some value have been found in Handenong Creek, 
Victoria ; at Ballarat, S. Australia ; and in the Hanging-rock caves, near the Pearl River, New 
South Wales. 

Topaz (Fb., Topaze ; Geb., Topas). — Composition, 34 per cent, silica, 57 alumina, 15 
fluorine; hardness, 8; sp. gr., 3‘5; colours, yellow, blue, and white. In Saxony, is found a pale- 
violet variety ; and in Bohemia, a sea-green. Many occur in the Urals, north of Katharinbnrg, in 
granite and albite ; and in E. Siberia. In the Brazilian province of Minas Geraes, numbers are met 
with in the auriferous gravels, especially at Capao. Some fine specimens have been got at Beech- 
worth, Victoria, in Flinders’ Island, and in Tasmania. 

Turqnois (Fa., Turquoise, Agaphite; Geb., Agaphit, Kalait ). — Composition, 47 alumina, 27 
phosphoric acid, 3 phosphate of lime, 2 oxide of copper, 1 oxide of iron, 19 water; hardness, 6; 
sp. gr., 2-6-2 '8 ; colour, blue to blue-green. The Land of Midian possesses three turquois mines ; 
one at Aynuneh, a second near Ziba, and a third, known to the Bedouins as Jebelshehayk. But 
the stones comes principally from the mountainous district of Nishabor (Nesbapore), in N.-E. 
Persia ; the oldest mine is in the Bari Madan huldk, and a second has recently been discovered in 
the hills to the south, separating Nishabor from Turshiz. Mashhad is the headquarters of the 
trade. Better stones at lower figures are said to be procurable at Shikarpilr, in Sind. 

Bibliography. — J. Mawe, ‘Diamonds and Precious Stones ’ (London : 1815, 2nd ed. 1831); C. 
Barbot, ‘Traite des Pierres Pre'cieuses’ (Paris: 1858); L. Fruchtwanger, ‘Treatise on Gems’ 
(New York: 1859); Kluge, ‘ Edelsteinkunde ’ (Leipzig; 1860); J. J. Bleasdale, ‘Gems and 
Precious Stones found in Victoria ’ (Essay in Off. Rec. Int.-Col. Exhib. Melbourne : 1867) ; 
H. Emanuel, ‘ Diamonds and Precious Stones ’ (London : 1867, 2nd ed.) ; D. Page, ‘ Economic 
Geology ’ (London : 1874) ; L. Dieulafait, ‘ Diamonds and Precious Stones ’ (London : 1874) ; 
T. Shepstone, ‘ Geographical and Physical Characters of the Diamond-fields of S. Africa ’ (Jour. 
Soc. Arts, Vol. xxii., No. 1113, London: 1874); W. A. Ross, ‘ Pyrology ’ (London : 1875); R. J. 
Mann, ‘Commercial Aspects of the S. African Diamond-fields’ (Ditto); Fre'my and Feil, ‘Artificial 
Production of Precious Stones’ (Jour. Soc. Arts, Vol. xxvi.. No. 1319, London: 1878); E. W. 
Streeter, ‘ Precious Stones and Gems ’ (London ; 1879, 2nd ed.) ; J. B. Hannay, ‘ Artificial 
Formation of the Diamond ’ (Proc. Roy. Soc. Vol. xxx,. No. 204, London : 1880). 


GLASS (Fb., Verve; Geb., Glas). 

Glass is an amorphous mixture of various silicates, formed by the fusion of the ingredients. 
There are, indeed, certain silicates which are themselves commonly known as glasses, and resemble 
glass in appearance. Such are the potassic tetra-silicate (Fuch’s soluble glass), and the plumbic 
sesqei-silicate. These, however, are deficient in durability, and are useless for tiose purposes to 
which glass ^ generally applied. Silicates are formed by the combination of silica (silicon dioxide) 
with metallic oxides, in various proportions. Most silicates are fusible. The fusing-point of a 
mixture of siliSites’is generally about the mean of the fusing-points of the constituents. Thus 
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the calcic and altuninio silicates are separ.ately fusible only with great ditficnlty, but in combination 
fuse readily. Silica (silicon dioxide, symbol SiO„, molecular weight 60), which unites with metallic 
oxides to form silicates, and is therefore the principal ingredient of all glasses, is the only known 
oxide of silicon. Sand is silica mixed with various impurities. 

Silicates may be formed directly or indirectly. When sand is heated with the oxide of lead in 
proper proportions, plumbic silicate is formed : in this case, the silica combines diiectly with the 
metallic oxide. If sodic carbonate be substituted for plumbic oxide, sodic silicate will^e formed 
by indirect action, for before the silicate can be formed, it is necessary that the carbontc acid, 
which is in combination with the oxide of sodium in the carbonate, shall first be expelled. That 
carbonic acid is expelled from its combinations by silica at a high temperature may be proved 
thus : — A mixture of sodic and potassic carbonates is melted in a platinum crucible (the mixed 
carbonates have a lower fusing-point than either constituent) ; the crucible, whilst still hot, is, 
lowered into a tall glass vessel, and some perfectly dry sand is poured into the molten mixture • 
carbonic acid escapes with effervescence, and, being retained in the tall glass vessel, may be 
detected by its reaction with lime-water. By replacing the sodic or potassic carbonate by calcic, 
plumbic, or baric carbonate, calcic, plumbic, or baric silicate, may be formed. Again, if, at an 
elevated temperature, silica be added to sodic sulphate, sulphuric anhydride will be expelled, and 
sodic silicate produced. The decomposition of the sulphate of soda by silica is facilitated by 
mixing the sulphate with of its weight of charcoal ; the sulphate is thus reduced to a lower 
state of oxidation, and the sulphur escapes as sulphurous anhydride at a lower temperature than is 
required to decompose the sulphate. 

All glasses are mixtures of silicates. Bohemian glass is a mixture of calcic and potassic silicates; 
sheet-, plate-, or crown-glass, of calcic and sodic silicates ; bottle-glass, of calcic, sodic, aluminic, 
and ferric silicates ; flint-glass, of potassic and plumbic silicates. For experimental purposes, many 
silicates can be obtained, in absolutely correct chemical proportions, by precipitation from solutions. 
If these precipitated silicates be dried, and two or more be mixed in proper combining proportions 
and the mixtures be fused, pure glasses will be obtained. The sodic and potassic silicates, formed 
by the fusion of silica with excess respectively of sodic and potassic carbonate, can be obtained in 
solution. If to a solution of sodic or potassic silicate, a solution of calcic chloride be added, calcic 
silicate will be precipitated ; similarly, plumbic silicate will be precipitated by the addition of 
plumbic nitrate. Bohemian glass may therefore experimentally be produced by the fusion in 
combining proportions, of precipitated calcic silicate with potassic silicate; plate-glass, by ’the 
fusion of precipitated calcic silicate with sodic silicate ; and flint-glass, by the fusion of ’plumbic 
silicate with potassic silicate. The following formulse may be taken as approximately representinw 
the composition of the various glasses which will be considered in this article Bohemian sheet" 
plate-, and crown-glass = K^O (or Na,0), CaO, 6SiOj ; lead- or flint-glass = KjO, PbO ’ 6SiO ’ 
optical lead-glass = K.O, PbO, ISiO^; optical crown-glass = K-O, CaO, 4SiO, • bottle’-Ma^ - 
3KjO, 27CaO, 3A1A, 2FeA, 45SiO,. o'ass _ 


Such accuracy of combinatiou as is obtained experimentally by precipitation can hardly be 
looked for in commercial glass manufacture. In the latter case, the formation of silicates from 
raw materials, and the formation of glass from the combination or mixture of silicates have both 
to come into operation in the crucible. To ensure the production of definite silicates in the 
crucible, the raw materials must be mixed together in proper combining proportions, for if more 
metallic oxide be introduced than can chemically combine with the silica, the excess will form 
an impurity in the glass. To this cause is to be attributed, not only the blemishes visible''^ 
common glass, but also the decomposition of the substance of the glass, after long exposure to the 
action of air and moisture. The surface of old glass is commonly pitted and worn : this apneara 
is due to the solution, by moisture and carbonic acid, of an excess of material with which the silT"* 
has been unable chemically to combine ; or, in the first instance, to the materials havino- 
mixed in improper proportions. ° 

The quality which especially facilitates the manufacture of glass on a commercial scale ' 
curious viscosity or plasticity produced by the agency of heat. When solid glass is heated*^ ‘t 
becomes gradually softer and softer, and passes by imperceptible stages into aiiquid condition ’ It 
may be said to melt at the lowest temperature at which perceptible softening occurs and to b^f 11 
melted when a further elevation of temperature does not make it more fluid ; but no n ' ^ 
perature can be given as its melting-point. At an intermediate stage between liquid'r 
solidity, which may conveniently be termed the st^e of viscosity, glass is in an exc ^ d' ** 1 
favourable condition for manipulation. In this condition, it can be ladled, or poured or 
on a heated iron rod ; a solid mass, at the end of a hollow blowing-iron, will expand’ and^b 
hollow by the pjpssure of the breath ; it c* n be moulded, pupssed, or rolled ; so great is its du 
that hollow or solid masses can be drawn out to immense lengths of tube or cane ; so weak ' b 
cohesion of its particles, that a mass will lengthen by the force of gravity, and a contracted ‘u 
expand into a flattened disc under the centrifugal force produced by rapid rofefory'ftrotion ^ 
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To maintain the glass in 'this state, it is necessary that glass-furnaces shall be capable 
of being worked with great regularity : sudden fluctuations of temperature affect not only the 
physical condition of the glass, but, by disturbing the homogeneity of the molten glass, produce 
strhe and irregularities in its substance. The action of heat upon bodies is to develop a repulsive 
force between their molecules, which is continually struggling with molecular attraction. Under 
its influence, Ixidies tend to expand, and finally to change their state of aggregation. This theory 
necessa*ily assumes the existence of pores or interstices between the molecules of matter, which 
increase in size with the growth of the repulsive force generated by heat. By this theory, many 
phenomena in the manufacture of glass may be explained. In glass in a viscous condition, the 
physical pores are large ; and, as it passes from the viscous to the solid state, the pores must be 
gradually reduced in size throughout the entire mass. If the process of cooling be in any way 
•hurried, the exterior of the mass will solidify sooner than the interior, and the latter will remain 
in a state of porosity and unstable equilibrium. This will especially be the case with glass, owing 
to the fact of its being an exceptionally bad conductor of heat. If a small quantity of molten glass 
be allowed to fall into water, a drop of glass is formed, similar to that represented at a. Fig. 727. 
If the thin end of this drop be cut into, whether by the action of hydrofluoric acid, the cutter’s 
wheel, or a blow, the entire mass 
will be broken up, as at 6 c d. Until 
the surface is injured, the drop pos- 
sesses extraordinary strength. These 
drops, commonly known as Prince 
Kupert’s drops, afford an excellent 
illustration of the behaviour of glass 
too suddenly cooled. The exterior 
rapidly contracts, whUst the interior 
molecules are stUl in a state of 
mutual repulsion. The repellent 
molecules are only resisted by the 
intense solidity of an outer crust; 
so soon, therefore, as this crust is 
weakened, the entire mass is disin- 
tegrated. Attempts have been 
made of late years to utilize the 
solidity and strength undoubtedly 
possessed by the crust of suddenly 
cooled glass. This is the principle of M. de la Bastie’s invention, to which further reference will be 
made. 1 



In the manufacture of glass for all ordinary purposes, special provision has to be made to facilitate 
gradual cooling. This may be effected in either of two ways (1) By placing the manufactured 
glass, whilst still hot, in a closed oven or kiln, and allowing the fire of the kiln gradually to die out ; 
(2) by exposing the manufactured goods to a permanent fire, and then gradually withdrawing 
them. The process of gradual cooling is technically known as “ annealing.” The kiln system is 
probably the better, especially where heavy goods have to be annealed. Its disadvantages are (1) 
the length of time required to effect complete cooling, in some eases amounting to 1-2 weeks ; (2) 
the space occupied by the kilns, as there must always be at least two ; (3) the discontinuity of the 
process. The withdrawal system is especially suited to flint-glass works, where goods are produced 
rapidly, and it is essential that the cooling process shall be continuous. 

Devitrification of Glass. Seaumur’s Porcelain . — If glass, surrounded by sand or gypsum, be heated 
for a considerable time, but not sufiioiently to cause fusion, it will be converted into a porcelain-like 
mass. This result may also be obtained, but with less regularity, by melting an impure glass, such 
as ordinary bottle-glass, in a crucible in a furnace, and allowing the furnace to die out. This change 
of condition is supposed to be caused by the partial separation of certain silicates, especially those 
of calcium and aluimnium, and their assumption of a more or less crystalline form. A mass of these 
crystals, analyzed by Dumas, gave the formula ISfCaHrilO, 2Al,Oj, 45SiO„ ; whilst the transparent 
glass from which they separated contained 3-5 per cent, less silica, 1-4 less alumina, and a propor- 
tionately larger quantity of soda. It has been observed that devitrified glass may be vitrified and 
again devitrified ; that from devitrified glass, placed in a moist atmosphere, there exudes a soluble 
salt ; and that apparently the melting-point of devitrified glass is higher than that of the same 
glass when vitrified. Glass of any kind may be devitrified ; but the finer kinds of potash glass only 
witfi difficulty. The soluble glass of Uuch is especialfy liable to devitrifacfion crystallization. 
Attempts hate been made to utilize devitrified glass, but without any marked success. 

Badly prep^red.window-glass becomes opaque on exposure to air. This is due to a devitrifica- 
tion of the surface, brought about by the action of water, carbonic acid, and ammt».ia, and depends 
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on the fact that the alkalies are separated, and washed away by water, whilst an iridescent coating, 
consisting of a thin film of calcic silicate, remains on the surface. 

Eaw Matebiais. — Sand. — Freedom from colour, and transparency, in glass, depend principally 
upon the quality of the sand used in its composition. The impurities generally present in sand 
are iron, lime, alumina, and magnesia. Iron is the most detrimental, and the quality of a sand is 
mainly determined by the quantity of iron contained in it. *' 

Sand of extreme purity has been shipped from America, but that generally used in England is 
obtained either from Alum Bay, in the Isle of Wight, or from the Forest of Fontainebleau, in 
France. Fontainebleau sand is obtained in blocks from the quarries in the same manner as 
ordinary sandstone. The following are analyses of samples of sand from Alum Bay and Fontaine- 
bleau, and may be taken as typical of sands suited to the production of the best forms of glass : — 
Alum Bay: silica, 97 percent.; alumina, magnesia, and oxide of iron, 2; moisture, 1. Fontaine-^ 
Mean: silica, 98"8: magnesia and oxide of iron, 0'7 ; moisture, 0'5. 

Before admixture with the other ingredients, the sand is washed and burned. The process of 
washing may remove a certain quantity of extraneous dirt and chalk, but it is doubtful whether it 
rewards the labour expended. Burning tends to disintegrate the larger lumps, and removes all 
moisture and organic matter. The removal of organic matter is important, as its presence would 
tend to reduce a portion of red-lead to the metallic state, or to convert ferric into ferrous oxide. 
Burning is carried on in a special oven, in which the sand rests upon a fire-clay bed, shelving 
towards a central trap-door, communicating with a vault beneath. The flame plays over the sand 
from a fire-place on one side, towards the fine, which is placed on the opposite side to the fire-place, 
and in such a position that all the sand shall be subjected to the heat. When the sand has 
become incandescent, the trap-door is drawn, and the sand falls into the vault below. The sand is 
sifted, both before washing and after burning, through very fine copper-gauze sieves; it should be 
kept from contact with iron, and be moved only with wooden shovels. 

Tests. — The best test for sand is microscopic examination. Pure sand should be perfectly 
white, and should not etfervesce, nor lose colour, when heated with an acid ; efiervescence shows 
the presence of chalk ; oxide of iron would be dissolved by boiling with hydrochloric acid, and be 
discovered by the ferrooyanide test. Pure sand is insoluble in all acids except hydrofluoric. 

In the manufacture of common wine and beer bottles, the effect of iron is clearly seen ; their 
dark-green tint is due to ferrous oxide, present as an impurity in the sand and some of the other 
materials. Even in the best samples of sand, there is nearly always a trace of iron. The in- 
jurions colouring effect of small quantities can be neutralized by the use of dioxide of manganese, 
or of trioxide of arsenic. A green colour is due to ferrous oxide ; if this be converted into ferric 
oxide, the green becomes a pale-lemon tint, invisible when the quantity of iron is small. The 
oxidation of ferrous oxide is accomplished throuch the decomposition by heat of manganese dioxide. 
If the latter be added in excess, or if the heat be not continued sufficiently long for its decom- 
position. the glass acquires a pink tint, and is said to be high-coloured. From fear of producing 
high-coloured glass, through using excess of manganese dioxide, and from the fact that glass 
containing it becomes high-coloured by the continued action of sunlight, manufacturers of window- 
glass prefer arsenic trioxide. If this be heated with ferrous oxide, metallic arsenic volatilizes 
leaving its oxygen to convert the ferrous into ferric oxide. When manganese dioxide is used it 
should be specially prepared by precipitation, as the natural oxides always contain iron. 

Red-lead (see Pigments). — The purity of red-lead may be tested by the microscope and by 
heat. A sample strongly heated in a covered crucible should leave a residue of yellow tint. The 
presence of iron may be detected by ordinary tests. 

Carhmate of Lime (CaCO,).— Chalk, the form in which carbonate of lime is used, often contains 
silica, almnina, and oxide of iron, combined in the form of clay, and sometimes magnesia. Chalk 
should entirely dissolve in dilute hydrochloric acid ; any residue remaining uudissolved is clay. 

Carbonate of Potash (Kj CO3).— Sources, (1) wood-ashes, and (2) sulphate of potassium. CoVn- 
mercial carbonate of potash, known as “ refined pearl-ash,” contains : — Carbonate of potash 79 • 17 • 
sulphate, 0-17: chloride, 0-59; carbonate of soda, 3-55; silica, alumina, &c., 0-46; insoluble' 
O'Ol; water, 15'95. * 

Sulphate and Carbonate of Soda. — (Na^SOj) (Na.COj). — Sulphate of soda is very much cheaper 
and more manageable than carbonate ; it was, however, for a long time considered to produce glass 
of inferior color to that made with carbonate. As the use, whether of sulphate or carbonate of 
soda, involves their preparation from common salt, attempts have been made to accomplish the 
direct union of silica and salt in the manufacture of window-glass. At the present time, however 
the only glass made from common salt is the black-bottle glass of Hewcaatle. 

Obucibles.— fJruclbles are exposed to ^ many dangers, both from within and from without 
and their welfare is so intimately connected with the welfare of the manufacturer, thu great care 
is expended upon their production and preservation. A crucible is exposedtt^p tl^ most intense 
heat of the fumade, as well as to variations of temperature. At the same time, it is attacked from 
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witliin by the corrosive action of tbe raw materials, and, after fusion is completed, it is required to 
resist the constant pressure of the liquid glass. 

The forms of crucibles are regulated by the work they have to do, as well as by the natine of 
the glass which they are intended to hold. Glass containing lead must always be protected from 
the reducing action of flame, and is therefore placed in a partially closed crucible, the opening of 
which is outsWe the furnace. Glass which contains no lead may be fused in open crucibles, and be 
subjeijjwt (without protection) to the full heat of the furnace. In Fig. 728, two flint-glass 
crucibles are shown on the right ; and on the left, a crucible which can be used for crown-, sheet-, 
plate-, or bottle-glass. The 
usual dimensions of a flint- 
glass crucible are approxi- 
» mately as follows ; — Entire 
height, 40 in. ; outside dia- 
il*eter, 36 in.; depth inside, 
from a to 6, 22-24 in. 

The dimensions of open 
crucibles vary considerably. 

For some purposes, they 
have a diameter of 6 ft., and 
a proportionate depth. In 
addition to the two principal 
forma already mentioned, there are a great variety of smaller crucibles, adapted to small furnaces, 
and for the production of small quantities of coloured glasses. 

Crucibles are made of fire-clay ; that of Stourbridge is especially noted. Those of Forges-les- 
Eaus, in France; Namur, in Belgium ; Largenau, in Switzerland ; and Schwarzenfell, in Bavaria, 
are also famous. (See Clay.) 

A serviceable test of the quality of a fire-clay consists in forming a brick of any fresh sample, 
allowing it to dry, breaking the brick into two pieces, and exposing one piece in a furnace. If the 
two pieces unite accurately, the sample may be considered good. The “ weathering ” or exposure 
of tbe clay (see p. 639), in addition to causing the disintegration of the lumps, appears to make the 
clay more plastic and adhesive in manipulation. After the clay has been ground and sorted, it is 
transferred from the clay works to the glass manufactory. Here the raw ground clay is mixed with 
a proportion, varying from ^ to J of its weight, of ground burnt clay. The chief object in adding 
the burnt clay is to make the clay set quicker, and also to add to the power possessed by the 
clay of resisting the corrosive action of the raw materials. When the raw materials are filled into 
a crucible, the heat first affects the carbonate and nitrate of potash, the carbonate or sulphate of 
soda, and especially any borax that may be present. These materials, if in contact with the sides 
or bottom of the crucible, will attack the silica and alumina in the fire-clay, in preference to the 
sand with which they are mixed. Tlie result is the formation on a small scale of an infusible 
compound of alumina, and the corresponding corrosion of the substance of the crucible. This 
infusible substance is the cause of the white specks, which are at times so annoying to workmen 
and manufacturers. 

Au examination of a small experimental crucible, in which borax had been fused, discovered a 
succession of rings eaten into the body of the crucible. It is known that if red-lead be heated by 
itself in a crucible for a long time, it will gradually eat its way through the crucible, extracting 
from it silica, and forming silicate of lead. 

In order to strengthen crucibles against internal corrosion, a curve should be formed at the 
junction of the bottoms and wall, and sharp angles be carefully avoided. It is also advisable, 
before filling in the raw materials, to throw into the crucible some broken glass, which melts, and 
protects the bottom from corrosion. The only legitimate death of a crucible is by gradual corrosion. 
Fig. 729 is a view of a fragment of a bottom of a crucible, through which the glass has gradually 
eaten a way. The backs and bottoms of crucibles which have done good service are completely 
honeycombed. 

After the burnt and unburnt clays have been carefully mixed through fine sieves, the mixture is 
placed in a large bin, and water is gradually added. After the mixture has been thoroughly wetted, 
it is subjected to the process of “ treading.” Many machines have been tried for combining the 
moistened clay, and increasing its tenacity ; but none have at present been found capable of com- 
peting with the action of the naked feet of men. The “ treader ’ holds on to a rope attached to 
the ceiling of the clay-room, and, first with one bare foot, and then with the other, presses upon 
t8e clay, which is supplied to him Mttle by little, until the whole mass has pijjised under his feet 
at least three times. In addition to elasticity, softness, and warmth, the human foot possesses 
Buflicient seqsitivejress to detect the presence of any hard foreign matters in the body of the clay 
The crueible-maier receives the clay, as he wants it, from the treader, and fashions it into smali 
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tapering rolls with the palms of his hands. A stone slab, larger in diameter than the intended 
crucible, is first covered with a thin layer of sand. Upon this sand, the potter places the founda- 
tions of the crucible. 

The rolls of.clay are carefully pressed together, until one complete layer is formed ; the surface 
of the first layer is scratched across and across by the potter’s fingers, so as to make a bond for the 
second layer, and the process is repeated 
layer by layer until the bottom is suffi- 
ciently thick. The bottom is consoli- 
dated by prolonged beating with a wooden 
mallet, and is finally smoothed with 
a wooden straight-edge. Ridges are 
scratched round the edge of the bottom, 
to form a bond for the walls ; and the 
walls are slowly built up, roll by roll and 
layer by layer. The chief object in the 
whole process is to drive out the air from 
the substance of the clay. The potter 
presses the rolls principally with his 
fingers and the cushions of his hands, and 
works them towards the middle of the 
wall of the crucible, both from the inside 
and the outside. If the outside rolls are 
worked round the circumference from left 
to right, the inside rolls are worked from 
right to left. The building of one crucible 
is not carried on continuously ; several crucibles are kept in hand at the same time, and the potter 
passes from one to the other, leaving one to set whilst at work upon another. However, before 
leaving one, he takes the precaution to cover the edge with moist cloths. The dome of a flint-glass 
crucible is made complete ; the opening or mouth is cut out, and the lip and hood are put on after- 
wards. FUnt-glass crucibles, although smaller than open crucibles, take longer to make, as the 
upright wall must be allowed partially to set, before the building of the dome can be commenced. 
A good potter, with three or four assistants, can finish three or four sheet-glass crucibles in one 
week, whereas it would not be safe to finish fliut-glass crucibles in less than two weeks. Crucibles 
are allowed to dry in the same room in which they have 
been built, the temperature being maintained, by means of 
gas or hot-water apparatus, continuously at about 15° (60° F.). 

All draughts should be carefully excluded ; with this object 
the floor, windows, and doors should be double. 

When the clay is firmly set, the crucibles are cut from 
their stone slabs by means of a wire, and are placed upon low 
wooden trucks, so that they can be readily moved without 
jarring. Crucibles ought to stand for twelve months or 
more, before they are fit for the furnace. A crucible, before 
being placed in the furnace, requires to be gradually raised 
to the same temperature with the furnace. For this purpose, 
it is placed in an oven, constructed for the purpose and 
is lodged upon three fire-clay blocks, in such a way that a 
low iron carriage can be thrust under it for its removal. 

Fig. 730 is a horizontal section of a flint-glass crucible- 
oven, taken through the fire-place, which stands about 
18 in. from the ground : F are the openings to flues ; P, the 
fire-place ; D, air-tight doors. Fig. 731 represents the iron 
crucible-carriage. When the crucible is first placed in the 
oven, the dampers of all the flues should be closed, and the 
fire be allowed only to smoulder. After 3-4 days, the flues 
may be gradually opened, and the fire be increased until on 
the 7th-8th day : when the heat of the oven is equal to the 
heat of the furnace, the crucible may be moved into the fur- 

Probably more crucibles are broken by carelessness in the management of the flues of the 
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oven than in any o^her way. 


The removal of an injured crucible from the bed of a furnace, the preparation nf tv. u 
the setting of the new crucible in the place of the old, are operatioM which^rfiauVe *‘"‘1 
.presence of mind, and physical strength and endurance. The temporary brick-work ffi 
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a screen in front of the crucible, has to be removed piece by piece. Finally, the whole arch, under 
which the injured crucible stands, is laid open, and the workmen are exposed to the full heat of the 
furnace. In order to soften any glass which may have found its way on to the bed of the furnace, • 
and which might tend to seal the broken crucible to the bed, the furnace is driven to its utmost 
heat. The tools, with which the workmen accomplish their task, are of the simplest description, 
being mere^ diamond-pointed or chisel-edged steel crowbars, of various lengths and sizes. The 
archjhifving been laid open, the 
crucible loosened and raised 
from the furnace-bed, and the 
parts of the bed on each side 
of the crucible levelled and 
smoothed, the crucible is drawn 
forwards by means of iron bars 
and rakes ; it is thrust upon the 
crucible-carriage, removed, and 
broken up. The leveUing of the bed is effected either by a long iron pointed bar, resting upon a ful- 
crum, and worked by several men, or by separate blows dealt by relays of men, each man being 
armed with a light crowbar. Part of the broken crucible is preserved, and ground, for mixing with 
the raw clay, in the manufacture of crucibles. The remainder is used for building up the screen in 
front of the new crucible, which takes the place of the one removed. After the old crucible has been 
removed, it is customary to repair any defects in the furnace-bed with lumps of moist fire-clay, and 
to spread a layer of sand for the new crucible to rest on. The doors of the oven are now thrown open, 
and the driver of the carriage thrusts its prongs under the crucible, depresses the handle, raises the 
crucible from its supports, withdraws it from the oven, and carries it to the furnace. The prongs of 
the carriage bearing the crucible being half-way within the arch of the furnace, the wheels are 
blocked, and two men, using the upright post A of the carriage (Fig. 731) as a fulcrum, gradually, 
by means of bars, force the crucible into the position which it is intended to occupy. The screen is 
now rebuilt, partly with fire-clay slabs made for the purpose, and partly with the debris of the 
broken crucible, moist fire-clay, and fire-bricks. 

Before the new crucible is fit to receive the raw materials, it requires to be glazed internally 
with hot glass. If the process of setting has been at all prolonged, or if the crucible, during its 
passage from the oven to the furnace, has become chilled, or if the crucible has not attained in the 
oven to the same temperature as the furnace, there is every probability of its being found to bo 
cracked. The duration of crucibles is very uncertain, they may stand for 6-12 months or even 
longer, and they may crack in the first week after setting. If the furnace becomes chilled, or if the 
grate is insufficiently covered, and allows cold air to rush upon the crucibles from the cave below, 
the crucibles nm a great risk of being cracked. The crack is not usually discovered until the 
furnace regains its heat, and the liquid glass finds its way through the crack and on to the grate. 
The bars of the grate have to be widely separated, to allow the glass to faU through ; and if, as 
usually happens, the air be allowed to rush up through the gap, the breakage of one crucible is very 
likely to be the cause of the destruction of others. Cracks in crucibles may be stopped by exposing 
them to the air, and allowing the exuding glass to cool and solidify into an effectual lute. 

This remedy applies to the whole circumference of an open crucible, but only to the front of a 
flint-glass crucible, and in neither case is it of any avail for a cracked base. When a new furnace 
is to be lighted, new crucibles are sometimes placed in position, and heated with the furnace. 
Such great losses have, however, been incurred by this means, that there axe very few manufactories 
in which this plan is carried out. 

In a glass manufactory, fire-clay is used for a great variety of purposes, in addition to the 
construction of crucibles. In all building operations, connected with the furnace, kilns, ovens, &o., 
fire-clay is used in place of mortar, as well as for the bricks. A fire-clay ring, formed of two half- 
circles, measuring about 2 in. in thickness, forming an internal opening of about 8 in. in diameter, 
is sometimes allowed to float upon the surface of the molten glass in a crucible, so as to attract 
impurities, and to secure a space of pure metal for working purposes. The mouth or opening of a 
flint-glass crucible is always provided with a movable door or stopper of fire-clay, covering the 
whole aperture, as well as with a collar or horse-shoe of the same material, which is used, when 
work is being made, or glass gathered, in order to leave the crucible open, and, at the same time, 
to diminish as much as possible the loss of heat. The slabs and bricks for building the screen in 
front of the crucible have already been referred to. 

Furnaces. — In a glass manufactory, the furnace is by far the most important structure. It is 
i»t too much to assert that upon theCurnace depends Sie whole life of the qianiifactory. A variety 
of furnacep are employed. The annealing-kilns will be noticed hereafter. In sheet-, crown-, and 
some flint-glass works, in addition to the main furnaces, annealing-kilns, and crucible-ovens, small 
auxiliary furnaces for various purposes are largely used. All manipulation of glass requires heat? 
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and it is fotmd to be more economical to erect small separate anxiliary furnaces for manipnlatire 
purposes, than to utUize directly the heat of the main furnaces. Where auxiliary furnaces are 
nse4 the whole heat of the main furnace can be employed in fusing successiye charges of raw 
materials, and furnishing a continuous supply of molten glass ready for use. Where they do not 
exist, the workmen stand round the main furnace, and heat the glass which they are manipulating, 
either at openings over or at the side of the crucibles,or in the mouths of the crueibles^themselves. 
This is the usual arrangement in flint-glass works, where the glass is worked much morrf slpwly 
than in sheet- or crown-glass works, and where, consequently, it is seldom necessary to recharge the 
crucibles. It is, however, objectionable, even in flint-glass works, as a workman usually monopolizes 
the crucible in front of which he happens to stand, and prevents other workmen from gathering glass 
from out of it. Moreover, for the manipulation of large goods, a proportionately large opening is 
necessary, and space which ought to be continuously utilized for the production of molten glass is left 
permanently vacant for the purposes of manipulation, which can only be carried on for a compara- 
tively short time. In the manufacture of sheet- and crown-glass, an intense heat with flame is 
requisite, a result which can be more conveniently gained at an auxiliary than at a main furnace. 
The flues of these auxiliary furnaces are usually run into the shaft of the main furnace. The heat 
and consumption of fuel of auxiliary furnaces can be reduced so soon as the work at them ceases. 


In crown-glass works, the auxiliary furnaces are known as “ nose-holes,” and are used for 
fashioning and expanding the circles or tables. In sheet-glass works, they are used for forming and 
opening the cylinders. In flint- and bottle-works, for general manipulation, and especially for 
large work. In some old-fashioned flint-glass furnaces, a wide-mouthed crucible, in which the 
heat is augmented by burning beeehwood logs, is set apart for the manipulation of all large goods 
of best quality. The heated glass is cut off, by the hood and back of the crucible, from fumes 
generated by the coke or coal humt in the furnace, which fumes are apt to mar the hrilliancy of the 
glass, and to interfere with the amalgamation of the various parts of any vessel which is being 
produced. It is, however, to the main furnace that attention ought principally to be directed. 
The chief points to be arrived at in building a furnace are— (1) durability, (2) regularity, (3) pro- 
duction and concentration of intense heat, (I) economy of fuel. It must be borne in mind that 
the heat of a glass furnace is maintained continuously, and that a furnace is expected to last for at 
least three years. To attain a satisfactory result, great care and experience are required both in 
the selection of the materials and in the construction of the furnace. Economy of fuel has been 
placed last, as, althongh it is a very important point, it is, nevertheless, of considerably less moment 
than the first three. Good glass cannot be produced by an irregular furnace. There may be 
intense heat, and fusion may be satisfactorily performed; but if the furnace be irre<nilar every 
variation will be registered in the substance of the glass, and an imperfect striated masswillbe the 
result. Variations of temperature are also fatal to the existence of crucibles. If a furnace grows 
cold, and suddenly picks up and becomes intensely hot, the crucibles are almost certain to crack 
There are no troubles more harassing to glass manufacturers than “cordy” glass and broken 
crucibles. It is essential to the weU-being of a factory that the glass shall be ready to be worked 
at stated times, and this result will he rendered impossible by the irregularity of the furnace For 
these reasons, manufacturers and workmen alike look shyly upon innovations 


Fig. 732 is a sectional view of one half of an old-fashioned circular furnace • Fio- 733 is a u d 
plan of the same taken at the level of the bases of the crucibles. The passage A runs und th 
grate G of the furnace, and is connected at both ends, either directly or by cross’s passages with th! 
outer air. This passage introduces the air necessary for the consumption of the fuel Prom th' 
passage, the stoker is able to stir the fire from beneath, and into the passa-e fall the cindo,» 
slag, and the lost glass from broken crucibles. P is a small passage, opening at each end of the 
grate into the main passage, and enabling the stoker to pass from one end of the grate to the th 
without going immediately under the furnace. E is an iron rest to support the bars f r ■ 
the fire. D is a small iron door for charging the grate with fuel, which is tlirown in bv a 
or forced in by a long rake. The crucibles C rest upon the bed B. The clinker when k • 
is thrown into the furnace by the stoker, in the form of lumps of broken gas-retlrts • but V* l 
is burnt, it is formed by the coagulation of spent coal. The clinker playl an important nart** Wh 
in regulating the draught, and in protecting the iron bars of the grate from the heat of tl ’ fi 
It is one of the stoker's most urgent duties to attend to the condition of the clinker Th 
be enough, and not too much ; and what there is must be continually moved in order t 
the bottom of the furnace becoming impervious to air. .Iron staves I, at eacli tide of every o” 
the furnace, carry a continuous iron ring s, upon which the cone of the furnale is supported ™ 
F stand on each side of the charging-door and of all the large crucibles. These flues ran be 1 
through small doore opening outwards. Tl/ey are arranged 'so as to draw the heat afte*^ T h * 
struck the crown of the furnace, all round the lower part of the crucibles. The dome t 7 

is kept as flat as possible, in order to economize heat. ” crown Z 

* Fnmaces are usually built of moulded fire-clay blocks ; shaped blocks, for building com lete 
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famaces, are kept in readiness at clay-^orks. The blocks are dried, but not b°rnt «nd ^ there- 
fore comparatively yielding: every block is rubbed against its ^ 

impervious joint is formed. In building the crown, the work commences at ™ 

snorts or centres are used. So soon as the blocks forming the outermost ring of the croTO have 
been rubbed into position, they are firm enough to support a man s weight. The blocks for the next 



ring are one by one fitted with clips at top and bottom. A man, standing on the outside ring, holds 
the°npper clip, and a man on the base of the furnace the lower. The block is then sawed up and 
down against the outer ring, and seems to adhere to it more and more, until it becomes perma- 
nently fixed. In this manner, the crown is built concentrically block by block. In furnaces in 
which open crucibles are used, great care must be exercised in the selection of the blocks of which 
the crown is formed. If use be made of a material wliieli, when exposed to intense beat, crumbles, 
even to a small extent, the glass in the crucibles is liable to be spoiled. In sheet- and plate-glass 
works, it is common to employ Dinas’ silicate blocks, which appear to be practically indestructible. 
In budding a furnace, the only cement or medium is a mixture of finely ground fire-clay and water. 
After the furnace has been built, it requires to be gradually warmed, before it is fit tiS withstand the 
intense heat necessary for the complete fu.sion of glass. For this purpose, the whole of the eye of 
the furnace, from the grate-bars to the surface of the bed, is tightly packed with coal or coke dust, 
which is lighted at the top, and allowed to smoulder. It takes 4-5 weeks to raise a furnace with 

safety to its full heat. . 

The crown and the base of the furnace are the parts most liable to wear out. The crown, espe- 
cially when it is very flat, sometimes “ gives,” and one or more of the crown blocks fall in. "When 
this happens, the opening must be temporarily covered with large fire-clay slabs and mrast clay, 
and another furnace must with all speed be lighted and prepared to receive the crucibles Dirt and 
soot accumulate on the outside of the crown, and, by keeping the crown nnni^essanly Hot, assmt 
the corroding action of the flames within. For this reason, the crowns should be kept clean. The 
base or bed of the furnace must gradually wear away, and the duration of the bed usually detor- 
mines how long the furnace shall remain at work. A point must sooner or later be reached when 
the base will be so reduced in width as no longer to aflbrd a safe resting place for the crucibles. It 
is unwise to shirk the expense and trouble of lighting a fresh furnace, when there arises the 
slightest risk of losing crucibles and glass. It is customary, whenever a new crucible is set, to effect 
repairs in a damaged bed, by means of lumps of wet fire-clay, applied at the end of long iron 
shOTcls. It is, however, doubtful whether such repairs afford sufficient advantage to compensate for 

labour expended on them. * ^ i. • i. i 

Figs? 734, 735, and 736 are respectively a vertical section, a ground plan, and a horizontal 
section to*nghits bed, of a furnace, the arrangement of which is intermediate between those of 
an old-fashioned furnace and a gas-furnace. The fuel is introduced at the pgrts A, and makes its 
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own way down to the g^te-bars B. By the fuel passing through and under the base, crucible space 
is gained. The partial combustion of the fuel upon the grate-bars generates a gas, which bums 
with intense heat, when brought into contact with the air, introduced by the {^ssages P cut through 
the base, Fig. 736. By reason of the combustion of the fuel taking place beneath the base, it is 
possible to reduce the size of the 

•f‘3A ^ 

eye of the furnace, and, in this 
manner, to increase the width of 
the base, and consequently the 
dnration of the furnace. The 
heat is directed by the flues in 
such a manner as to ’surround 
the crucibles 0, as in the furnace 
just described. 

Fig. 737 represents an ar- 
rangement known as Boetius’ 
furnace. It was the forerunner 
of the last, and is very similar 
to it. The chief difference is 
that air is introduced through 
a perforated column b, as weU as 
through the air-passages a in 
the base. The gas and air unite 
and bum at c. The disadvan- 
tage of the central column is 
that any glass which may escape 
from a broken oracible is re. 
tained by the column, and can 
be removed only with great dif- 
ficulty. 

Frisbie’s Feeder. — Frishie’s 
patent feeder provides a method 
of stoking from beneath the Are, 
and effects a considerable saving 

in the oonsmnption of fuel. By this principle of feeding from below the fire, the igniting of tlie 
fresh coal is a gradual process, and all volatilized coal, combustible gas, and carbonaceous matter 
pass from below, through the live coals above, and break at once into flame ; thus perfect combus- 
tion, and great intensity of heat, are secured. The heat of the surface of the tiro is not abated. 




nor is cold air admitted iqtothe furnace while rnpplying fresh fuel, so that a perfectly uniform hea^ 
is maintained ; and, as the hottest portion of the fire is constantly at the top, all the heat is 
utilized, and the grate-bars are preserved from burning and from clinker. The coal is pushed 
nj and outwards equally from the centre of the grate, and the whole fire is stiSrfed 5nd broken 
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np at each fresh sapply of fuel, so that no raking is required, and the coal is evenly consumed, 
leaving little refuse, except fine ashes which drop down through the grate-bars without raking. 
Figs. 738 and 739 show, in vertical section, the respective positions when feeding and not feeding : 
A is the opening through the grate; B, hopper; C, movable bottom ; D, plunger to feed-hopper ; 
E, plunger-lever ; F, apron sustaining coal while the hopper is being refilled ; G, rocking-bar, 
attached %) H and K ; H, 
rocking^-shaft ; I, hand-lever for 
worSing H ; K, lever carrying 
hopper backwards and forwards ; 

L, catch ; M, arm supporting 
hopper and apron ; N, shaft sup- 
porting M. 

Siemens’ Begenerative Gas- 
Furnace. — The gas-producer is 
shown in Figs. 740 and 741 ; 
the former is a section, and the 
latter a front elevation, of a 
pair of gas-producers. The 
producers are entirely separate 
from the furnace where the heat 
is required, and may be made 
sufficient in number and capa- 
city to supply several furnaces. 

The fuel is supplied at inter- 
vals of 2-4 hours, through the 
charging-boxes A, and descends 
gradually on the inclined plane 
B, which is set at an inclination 
to suit the fuel used. The upper 
portion of the incline B is made solid, being formed of iron plates covered with fire-bricks ; but the 
jower portion C is an open grate formed of flat horizontal steps. The large opening under the 
* lowest flat step is convenient for drawing out clinkers, which generally collect at that point. The 
small stoppered holes F at the front, and G at the top, of the producer, are provided to allow the 
insertion of an iron bar to break up the mass of fuel, and detach clinkers from the side wall. Each 
producer is capable of converting daily about two tons of fuel into combustible gas, which passes off 
through the “ uptake ” H leading to the furnaces. The action of the gas-producer is as follows : — 



rss. 
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The fuel, as it descends, becomes heated, and parts with its volatile constituents. — namely, the 
hydrocarbon gases, water, ammonia, and some carbonic acid. There now remains 60-70 per cent, 
of purely carbonaceous matter to be disposed of, which is accomplished by the action of a current 
of air slowly entering through the grate O, producing regular combustion immediately upon the 
grate. The carbonic acid thereby produced, in passing slowly through a layer of incandescent 
fuel, takes up another equivalent of carbon, and becomes carbonic oxide, which passes off with the 
other combustible gases to the furnace. Water may be brought to the foot of the grate by the pipe 
tE ; this water, absorbing the spa* heat of the fir(^ is converted into stom, which, in its passage 
through J;he incandescent fuel, may be decomposed into its elements, after having performed the 
useful office of disintegrating the clinkers. The total production of combustible gases varies with 
the admismon air, and since the admission of air depends upon the withdrawal of the gasqe, 
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the production of gases depends upon the demand for them. A damper D can he inserted in the 
“ uptake,” so as to shut off any gas-producer at pleasure. 

Fig. 742 is a diagram of a regenerative gas-furnace. Underneath the heating-chamber K, are 
placed four regenerative-chambers L, which are filled with fire-bricks, built up with spaces between 
them. The regenerative-cham- 
bers work in pairs, the two 
under the left-hand end of the 
furnace communicating with 
that end of the heating-chamber, 
while the other two communi- 
cate with the opjwsite end. The 
gas enters the heating-chamber 
through the passage M, and 
the air enters through the pas- 
sage N, whereby they are kept 
separate up to the moment of 
entering the heating-chamber, 
but are then able immediately 
to mingle intimately, producing 
at once an intense and uniform 
flame. From the air-flue, the 
entering air is directed by the 
reversing-valve P into the air- 
regenerator, and there becomes 
heated ready for entering the 
furnace ; at the same time, the 
gas entering from the gas-flue is directed by the reversing-valve R into the gas-regenerator, where 
it also becomes heated to the same temperature as the air. The products of combustion, on leaving 
the opposite end of the furnace, pass down through the second pair of regenerators (as shown by the 
arrows), and, after being there 
deprived of their heat, are 
directed by the reversing-valves 
P R into the chimney - fine. 

When the second pair of regene- 
rators have become heated by 
the passage of the heated pro- 
ducts of combustion, and the 
first pair cooled by the entering 
of gas and air, the valves PR 
are reversed by hand-levers, 
causing the currents to pass 
through the regenerators in the 
contrary direction, whereby the 
hot pair of regenerators are now 
made use of for heating the gas 
and air entering the furnaces, 
while the cool pair abstract the 
heat from the products of com- 
bustion escaping from the fur- 
nace. The supply of gas and 
air to the furnace is regulated 
by the stop-valves S S', whereby 
the nature of the flame in the 
furnace may be varied at plea- 
sure, whilst a chimney-damper 
T is used to regulate the amount 
of pressure in the furnace in 
relation to the atmosphere, so as 
to allow the opening of the doors 
or working-holes of tjie frpnace. 

Fig. 743 shows the application of the regenerative gas system to a flint-glass fumare The 
advantages of the regenerative gas-furnaces are ;-<l) saving of fuel, both in quantity and quaUty 
(a) great cleanliness m the manufactory: fSl comnlete common.! n... it-' » n 
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Annealing-mens . — The simplest and oldest arrangement for annealing is a tunnel, about 30 ft. in 
length, either provided with a lateral fire at one end, or heated (as at the Mnrano works) by the 
waste heat from the melting-furnace, and having a tramway, with movable trucks for the goods, 
running down the centre. The trucks are mounted on small solid iron wheels, protected from the 


fire by the projection of the body or pan of the trnek, and are moved by an endless chain and 
a windlass ; the pans are provided with hooks, so that they can be fastened together, to form 
a continuous train. Figs. 744 and 745 are different views of such a i arrangement. Fig. 746 is a 


section, showing a tram- 
way, beneath the main 
tramway, on which the 
pans or trucks, after they 
have been emptied at the 
end of the tunnel farthest 
from the fire and the 
glass-house, are returned 
to the glass - house by 
means of an endless 
chain. The pans are 
piled one upon another, 
and the lowest is hooked 
into the endless chain, 
by which they are drawn 
from one end of the 
tunnel to the other. 

Another arrangement 
for accomplishing the 
same purpose, of which 
Fig. 747 is a bird's- 
eye view, is a flat, hori- 
zontally - revolving iron 
wheel, worked upon the 



(pame principle as a turn-table. Th^ diameter of the,wheel is about 25-30 ft. The goods are placed 
upon the^ wheel at A, and are carried by the wheel away from the fires* B ^ C, where they are 
removed and sorted. This is a very perfect arrangement, and works continuously. Its dis- 
advantage fs tllb*large amount of space in the centre of the wheel, which is practically useless. ^ 
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Tet another arrangement for annealing glass has been devised by Dr. C. W. Siemens. According 
to this invention, glass to be annealed is placed on a travelling fumace-bed mounted on wheels, and 
heated in a permanent furnace. When this truck is filled, it is wheeled out of the furnace, and 
over it is immediately placed a cover, the edges of which are so immersed in sand as to prevent all 
access of air. The truck is then wheeled away and allowed to cool, whilst another is put in its place 
in the furnace. Fig. 748 shows a section on ^ 

the line 1 1 of Fig. 749, which is a section on , 

line 2 2 of Fig. 748. The kiln or stove is com- 
posed of a fixed brickwork heating-chamber A, 
and a movable bed or truck B, in which are 
placed the articles to be annealed. The truck 
is constructed of sheet metal, the sides being 
provided with internal ribs B', to prevent the 
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glass articles from coming into direct contact with them, while the bottom has a layer or lining B’ 
of sand or other suitable non-conducting material ; it is mounted on wheels C, whicli travel upon 
raUs, as shown, so that it can be readily run into and out of the kiln. The truck is open at the fop 
and inner end, so that, when in position in the kiln, tlie flames or hot gases issuing from the ports 
A' on either side can play freely into and over the whole surface of the floor, before escaping 
through the openings A‘‘ to the chimney D. 

When the truck is in position in the kiln, a t47. 

close joint is formed between the two, by 
means of sand-troughs E on the sides of the 
truck, into which clip flanges F, fixed to the 
brickwork of the kiln. When in this position, 
the interior of the truck is first heated to the 
required temperature, and the articles to be 
annealed are introduced into it through the 
openings G, which are then closed by covers. 

When a truck has been filled, and the articles 
have been subjected to the heat of the stove 
for a sufBcient length of time, the former is 
withdrawn, and its open end and top are im- 
mediately closed by the hood or cover H, sus- 
pended close in front of the kiln, the flanges 
of which hood dip into the sand-troughs 
E E*, so as to form a close joint ; the truck, 
thus forming a closed chamber, is then run to 
any convenient locality, whore it and its con- 
tents are allowed to cool. The hood is then 

removed ; and, after the glass has been taken out, the truck is a^-ain ... 
tible gas for heating: thee kilns passes from tSe main channel ^.leadin 
through the flues J. to the openings A', where it meets the air entering* throwfp^^^s 
Slides L and L' are provided for regulating the supply of gas and air to the kiln»^r o^ttin- it ^ 



ready for use. Tlie combns- 
from a gas -generator, up 
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when a truck is moved. The space beneath the truck B being quite open to the atmosphere, 
the under-framing and wheels are kept snfBciently cool to prevent injury. 

Figs. 750, 751, and 752 show respectively a section on the line 2 2 of Fig. 748; a section on 
the line 4 4 of Fig. 749, 74s. , 

and a sectional plan on k 

the line ^5 of Fig. 749, y 

of anolher form of truck- I 

kHu. In this last, the 2 | 

track B has no charging- j j j 

openings at its front end, j j ^ 

^but is charged through f 

the openings M in the | ,■ t L. ^ 

end wall of the stove. It i, — j j 

is provided with double ~ " “ 1 : 

sides B* (of which the " T~ ' 

inner may be perforated), | 1 ‘ b' J*' 

with an intervening air- I / • ■ ^ I 

space, by which the glass | XL | | I n^l .J.-; j ^ 

articles are prevented I 

from becoming unequally ^ I 

cooled by direct contact ^ 

with the outer skin, which i 

is cooled by the atmo- ^ 

sphere. The gas- and air- 

ports A' in this arrange- 

ment are at the front end 

of the kiln, J and K being j 

respectively the gas- and 1 I * 1 

air-flues leading to them, | j|^ £ 

is at the back end. The k> | 

other parts are similar to j Z^m r" ' . B 

those previously de- I L-.j.. p j j ' '' Sf * ^ 

scribed, and are indicated r— f fDjJ // 

by similar letters of re- ^ 

ference. The results of I _b t Ij ' 

Dr. Siemens’ arrange- t L ^ 

ment may be rendered 1 1 i n* I ^ 

still more satisfactory, 

especially for heavy solid ' " 

goods, by completely f ! — TTh ] 

covering the glass, when 
placed in the annealing- 

oven, with heated sand. ^ 

The strength of glass 

thus treated surpasses ^ ^ 

that of “toughened” or 
“ hardened ” glass. 

Plate-Glass, Crown-Glass, Sheet-Glass. 
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The glasses whose percentage compositions have been given, may be regarded m mixtores of 
^i anlcaleic silicate!: and may be generally represented by the formula Na,0. CaO, 

^SiOj. It is true that 
the English, German, 
and Venetian plate-glass 
contain, as shown above, 
considerable proportions 
of potash; but the French 
plate-glass, which, until 
quite recently, has sur- 
passed every other kind 
of plate-glass in quality, 
is strictly a mixture of 
the sodic and calcic sili- 
cates, and it will be 
more convenient to con- 
sider plate - glass with 
crown- and sheet-glass, 
than with Bohemian 
glass, with which, except 
for the presence of potash, 
it has little in common. 

The materials used in 
the composition of these 
glasses are : — (1) white 
sand, as free as possible 
from oxide of iron; (2) 
sodic carbonate, or sodic 
sulphate. If the latter 
be used, it must be mixed 
with one - tenth of its 
weight of carbon, in the 
form of charcoal or coal- 
dust; the carbonate is 
supposed to produce a 
better coloured glass than 
the sulphate, and for this 
reason, its use has, until 
quite recently, been re- 
tained in the manufac- 
ture of plate-glass ; (3) 
slaked lime, or chalk; 

(4) arsenic trioxide, the 
use of which is preferred 
to manganese dioxide. 

• The ingredients, having 
been thoroughly incorpo- 
rated, are, without further 
preparation, introduced 
into the crucibles in 
which they are to be 
melted. When barilla, 
kelp, and other forms of 
crude alkali were in use, 
it was the custom to sub- 
ject the materials to pre- 
liminary fusion in a 
reverberatory furnace, 
thereby effecting partial 
decomposition, and^ the 
burning off of carbona- 
ceous itqpurities. The 
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introduction of ’'-be use of the carbonate or sulphate of soda has rendered this treatment 
fluous. ^ • c • V 
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The crociblea are open reservoirs, and vary in form and size according to the purposes for which 
they are intended. Plate-glass crucibles have either grooves or projections on their outer surface, 
to afford a firm grip to the iron “ claspers,” or forceps, by which they are raised for the purpose -of 
casting their contents. Fig. 753 is a sectional view of a gas-furnace, arranged for melting sheet- 
or crown-glass ; C are crucibles ; G, G*, gas-ports ; K, B', regenerators ; A, air-ports. The 
furnace is oblong. The crucibles stand on the fumace-bed, and immediately within arches, which 
are teaafwrarily closed. Through 
these arches, new crucibles are 
introduced, and injured ones 
withdrawn, and, in plate-glass 
works, the crucibles are re- 
moved and restored respectively 
before and after each casting. 

In crown- and sheet-glass manu- 
factories, when the crucible is in 
position, the opening of the 
arch is closed up to a point level 
with the upper edge of the ^ 

crucible. Above this point, one I i 
or more spaces are left for the 
convenience of working, and are 
so arranged as to be readily 
closed by movable fire-clay slabs 
or stoppers. Plate-glass cruci- 
bles are enclosed by movable 
doors, by the removal or replace- 
ment of which, the entire arches 
can be quickly laid open or 
closed. With the exception of 
the manner in which the arches 
are closed, and of the absence of 
grooves on the outside of the 
crucibles. Fig. 753 represents 
also one of the best forms of 
plate-glass furnace. 

JPlate-Glass . — The great thickness of plate-glass, and the uses to which it is applied, viz. the 
regular transmission and reflection of light, necessitate the utmost care in the selection and 
manipulation of the raw materials. The manufacture of plate-glass depends upon the fluidity of 
molten glass, and the readiness with which, in the viscous condition, glass acquires the form of any 
resisting surface, and, at the same time, yields both to the superimposed pressure of an advancing 
roller, and to any resisting boundaries which may be set to regulate its extent and thickness. 
After the complete fusion of the glass, there are seven processes : — (1) the pouring of the molten 
glass upon a flat iron table ; (2) the passage of the roller over the molten glass ; (3) the annealing 
of the glass ; and (4, 5, 6, 7) the trimming, grinding, smoothing, and polishing of the glass. 

In each plate-glass manufactory, there are different arrangements and different processes. The 
following description does not refer to any one in particular, but is a selection from various manu- 
factories. The aim of every arrangement and process is the production, with the greatest economy 
of labour, fuel, material, and time, of the largest number of plates, of great size, strength, and 
purity of composition, with surfaces parallel to each other, and perfectly reflecting. 

In the accompanying plan and section of a casting-house (Figs. 754 and 755), A represent 
oblong furnaces ; B, annealing-kilns ; T t P, tramways for various purposes ; (1) is the roller; (2) the 
casting-table; (3) a small movable table, on a level with, and interposed between, the casting- 
table and the bed of the annealing-kilns. This last works on the tramways t, and can be brought 
opposite to the mouth of any of the six annealing-kilns B. It is intended to facilitate the removal 
of the hot plate from the casting-table to the bed of the kiln. To avoid the necessity of pushing 
the glass, it may be furnished with an endless band of copper gauze, revolving upon two rollers. 

A wide carriage or truck (4) runs upon a tramway, the rails t* of which are respectively 
placed on the summits of the two sets of kilns, at right angles to the direction of the kilns ; (5) is a 
crime on wheels, movable from one end to the other of the large truck (4). The crane supports the 
crucible from which the molten glass is poured, and moves with the crucible Sn advance of the 
roller. The* large truck (4), with the travelling crane, can be moved so as to impend over the 
casting-table, ^ila(*€ at the mouth of any of the kilns B. 

The casting-table (2) is of cast-iron, with a highly polished surface. It mijst exfeed in size 
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spnr-wheela working into gearing at one side of the table. It is placed at the extremity 








casting-table furthest from the mouth of the annealing-kiln. The thickness and width of the 
plates of glass are regulated by two plates of cast-iron, bolted together at their ends, and so 
adjusted to the curvature of the roller, that the roller and the two plates form three impenetrable 
resisting sides to the molten glass. The thickness of these plates determines the thickness of the 
glass, and the distance between them determines the width. The windows and doors of the casting- 
house must be so fitted as to exclude the possibility of sudden currents of cold air, which might 
interfere with the process of casting. The time required for the complete fusion of the raw 
materials, and for the refining of the glass, varies, with the construction of the furnace, from 12 to 
24 hours. 

The size and number of the annealing-kilns are determined by the quantity of glass produced 
by the furnaces. When very large plates are cast, it is necessary to anneal each plate in a separate 
kiln, the plate resting on the bed of the kiln. Smaller plates may be placed on movable trucks, 
innning on a tramway in the kiln ; in this case, the number of plates in each kiln is regulated by the 
number of trucks the kiln can contain. Small plates may also be stacked on their edges, so soon as they 
have cooled sufficiently not to bend. The time required for annealing plate-glass depends upon the 
size and thickness of the plates ; 5 days may be considered as the average time. The process of cooling * 
may be hastened by gradually admitting cold air, to circulate in channels running under the bed of 
the kiln. The doors of the kiln also are so arranged as to open piece by piece, with a view to the 
gradual admission of the outer air. The doors, however, should not be opened at all, until the 
glass has been in the kilns for 2-3 days. Before casting commences, the Min or kilns are heated 
to dull-redness, and a layer of sand is spread over the bed of the Mins, or the bottom of the trucks. 
The casting-table and roller are cleaned, polished, heated, and placed opposite the kiln, and the 
“ carrying ’’-table is interposed between the mouth of the Min and the casting-table. The large 
• truck, carrying the movable crane, is wheeled up, so as to be over the side of the casting-table 
farthest from the furnaces. The end of the, crane projects ovpr and beyond the end of the castjpg- 
table farthest from the mouth of the Min. In the meantime, the screen or door protecting one of 
the crucibles has been removed, the glass has been skimmed, and the base of the cmciljle has been 
loosened f^m the bed of the furnace. The crucible is raised, and moved tHe furnace by a 
large iron projedting fork, supported on wheels. The opening into the furnace is closed. The 

* • *. 
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craoible, having been scraped free from inornstations, is carried to the end of the casting-table, and 
immediately under the crane. The “ olaspers,” attached to the crane by chains, are fixed firmly in 
the grooves, or under the projections on the outside of the crucible. The crucible is raised by the 
crane from off the forked chariot, carried over the casting-table, and immediately in front of the 
roller. It is tilted sufficiently to allow the glass to pour, and is moved by the forward motion of 
the travellii% crane, so as to supply a continuous flow of molten glass immediately before the 
advanciflg roller. The crucible, so soon as the best of the glass has been poured out, is replaced on 
its chariot, and, if still uninjured, carried back to the furnace, re-set, and re-charged. By the time 
the pouring is finished, and the roller and regulating-plates are removed, the end of the plate 
farthest from the kiln is sufficiently solid to resist pressure. Pressure in the direction of the 
mouth of the kiln is applied by means of chains attached to the two ends of an iron bar, placed 
against the solid end of the plate, and passing through pulleys fastened to the front wall of the 
kiln. It is thus gradually moved forward upon the intermediate table, and thence, by means of an 
endless revolving sheet of wire gauze, into the mouth of the kiln. Here it is conveniently placed 
either on the bed of the kiln, or on a movable track, or on its edge. When a sufficient number of 
plates have been inserted in the kiln, the doors must be securely closed, and sealed with fire-clay. 
At the same time, the fire is allowed gradually to die out That side of the plate which was in 
contact with the casting-table is always rough, while that over which the roller passed is slightly 
undulating and polished. The undulations are probably due to the action of the air upon the glass, 
while still liquid. Plate-glass, exactly in the condition in which it was placed in the annealing- 
kiln, having undergone no mechanical processes of grinding or polishing, is sold at a comparatively 
low rate, as “ rough cast plate,” and is largely used for roofing, and pavements, and for all purposes 
where translueency, strength, and cheapness are essential. 

Hartley's Rolled Plate. — Hartley’s rolled plate is made in the same way as plate-glass, only on a 
diminished scale. The molten glass, instead of being poured from the crucible, is ladled out of 
the crucible by means of large iron ladles. Although the plates produced are necessarily very much 
smaller and thinner than cast plates, nevertheless great economy is attained through the continuity 
of the process. The glass produced has an undulating surface, and is suitable for glazing roofs or 
windows, where translueency, rather than transparency, is required. The glass is made in a consi- 
derable variety of tints, as well as with impressed flutes, ribs, and ornamental patterns. The 
impressions are given by projections on the casting-plate, which acts as a mould, while the 
advancing roller performs the office of a “ plunger.” The rolled plate is exceedingly cheap. Tank- 
furnaces are well adapted for use in the manufacture of rolled plate. (See Bottle-glass.) 

Mechanical Processes applied to Plate-Glass. — So soon as the kiln is sufficiently cool, a workman 
enters to examine the plates, and, if any are cracked, to lead the cracks by means of a heated iron, 
in whatever direction may be least injurious to the value of the plates. The plates of glass are now 
carefully drawn forward to the mouth of the kiln, and carried thence to another part of the manu- 
factory, to undergo the processes of grinding and polishing. A plate is first cut with a diamond, to 
any required dimensions, or so as to get rid of imperfections in the glass, and is then cemented upon 
an iron horizontal table, in such a manner as to expose one surface to be ground. The processes of 
grinding, smoothing, and polishing are almost identical in action, and differ only in the media 
employed. In the first, the plate is ground by 
an iron rubber, and a medium of sand and 
water ; in the second, it is smoothed by a glass 
rubber, and a medium of emery-powder and 
water ; and in the third, it is polished by a 
wooden rubber, covered with felt, leather, or 
some soft material, and with a medium of 
rouge of increasing degrees of fineness. 

Fig. 756 represents an apparatus for grind- 
ing : A is a fixed frame ; B, an iron horizontal 
table, revolving, and carrying the plate with 
it ; D, rubbers shod with iron, to which a partial 
rotary motion is conveyed by friction with the 
glass carried round upon the revolving table B. Sand and water are fed through a hopper. In 
another arrangement, the lower table has a backward and forward motion; and the superimposed 
rubber, a similar motion in a direction at right angles to that of the lower table. 

Figs. 757 and 758 show respectively a side elevation partly in section, and a plan of anoth|r 
arrangement, invented by Pilkington, for grinding glass : — a is the grinding-runner, with a conti- 
nuous iron-shod surface b, sufficientfy large to cover ^he whole of the plates c*o be ground ; d, the 
bed or table. A circular motion is imparted to the runner a, through the arm c, which receives 
motion fron»th^«rank-pin /, actuated from the shaft 3 , receiving motion from any convenient soured 
of power; /‘ are guide-cranks. Rotary, oscillating, or other motion, may be^iven4o the runne*. 
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The overhead tramway h has wheels i rtmning on it, and carrying screw-jacks;, coupled to the ends 
of the runner by means of pins k. When it is desired to remove the runner from the grinding-bed 
or table, it is raised by means of screw-jacks;, until it is freely suspended from the overhead tram- 
way. The runner is then run along the tramway, until it is clear of the bed or table, when it may 
be turned on the pins k, into any required position, for examination and repairs. The operation is 
reversed, when it is desired to replace the runner on the bed or table. 



158 . 


Hods I are attached to the back of the runner, and to adjustable hooks tu, which are raised and 
lowered by means of the chain-wheel k, through which motion is given to the screw-wheel o. By 
adjusting the height of the hooks m, the strain on the rods I and cross-bars p is made greater or less, 
as desired, and the pressure of the runner on the plates to be ground is increased or diminished at 
will. If the rods and cross-bars have not sufScient elasticity to produce the desired effect, springs 
may be interposed. In every instance, after one surface has been ground or smoothed, the plate has 
to be reversed, so as to expose the second surface. 

A fourth plan is to bed one plate of glass in plaster of Paris, upon a flat receptacle, and to 
attach a second plate by the same means, exactly parallel with the first, to an overhanging 
movable arm. To this arm, an elbow motion is communicated, and it is caused to press the upper 
plate upon the lower, and to grind them together, sand and water being thrown upon the lower 
plate. Thus the opposed surfaces grind each other, and, so soon as one surface of each plate is 
ground, both plates are reversed, so as to expose the other surfaces to the same action The same 
apparatus serves for the smoothmg process, fine emery-powder being supplied as a grinding medium, 
in pla^of sand The pohshmg pr.^es3 generally employed is as follows. The glass plate is 
cemented to a table, ^ssessing a backward and forward motion, and lying immediately beneath a 
^m, movmg in a direction at right angles to the motion of the table, through which pass rods 
having at their en^ w<»den rubbers coated with felt or leather. These rubbers are preLd upon 
ae surface of the glass by strong springs. The grinding or polishing medium is rouge (peroxidr^ 
iron) and water. The loss in weight of each plate, by the three processes of grindit toothing 
and polishing, amo^ts to almost 40 per cent. It has been suggested to usrfor the purpose ff 
grmdmg, only the best sand, or calcined flints, with a view to remelting the waste from the^aL 
and the grinding medium with new raw materials It Tint* i. , i ® ^ 

levelling process by means of the abrading chemical action of hy drofl uori ^ perform the 

In the proceeds of smoothing imd polishing, great care is required in th^ preparation of the 
gjpnding media ne the emery-powder and rouge; neither of these materials Lolublet water 
and It IS by water that they are respectively sifted into lots of varyin- de-rees of ’ 

siftmg is based upor the principle that the largest particles ilill sink'’firsCand the liLsTpow^S 
will remain longest in suspension. If emery-powder nr , j • , ^ unesi powaer 

•water, in an uiform stream, be suffered to P^s Wh a ‘he 

Increasing sizO, the ^wder will be deposited in each succeeding trough in a conSfioTo/tecI^ 


« 
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fineness, owing to the fact that the larger the trough the longer wiU the water he in travers- 
ing it. 

Crovm^ and Sheet-Glass Manufacture . — The following details of this branch of glass-making have 
been most obligingly communicated by Chance Bros. & Co., who are by far the largest manufacturers 
of crown- and sheet-glass in this country. Fig. 759 is a plan of a crown-glass manufactory : — F is 
the oblong nimace, containing six 
crucibies c; x, openings in the walla 
of the furnace, through which the 
molten glass is gathered; w,' auxiliary 
fmmaces, or “ nose-holes ” ; s, brickwork 
screens, to protect the workmen from the 
' intense heat of the furnaces ; k, anneal- 
ing-kilns. Fig. 760 is a aide elevation 
of a crown-glass furnace ; — X, the open- 
ings already referred to ; y, small re- 
cesses, in which the ends of the blow- 
pipes are heated, preparatory to gather- 
ing glass from the crucibles. Fig. 761 
— A, section of a blow-pipe, measuring 
about 6 ft. in length ; B, a solid iron 
working-rod or “ponty.” Fig. 762 
shows the stages of manufacture from 
the solid mass to the flattened disc. 

Upon the surface of the melted glass, is a ring of fire-clay, which, when the materials were 
thrown in, lay at the bottom of the pot, and after the completion of the melting, found its way 
upwards. This ring, floating in the centre of the pot, prevents the exterior surface of the melted 
glass, which becomes stiflT and stringy during the long period of working, from mingling with the 
interior or hotter surface, which 
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thus remains throughout of a 
suitable consistency. The labour 
of the skimmer, whose duty it is 
to clear the surface from any 
scum or dirt that may collect 
upon it, is considerably dimin- 
ished by the ring, which, limit- 
ing the space from which the 
glass is drawn, limits also the 
space to be cleansed, and any bubbles or impurities in the glass have a tendency to attach them- 
selves to the ring. 

The melted glass having been brought, by the gradual cooling of the furnace, from a state of 
complete fluidity to a workable consistence, the gatherer dips the end of his pipe, or hollow rod of 
iron, into the pot within the ring, and, twirling it round its axis to equalize the thickness of the 
gathering, he collects upon the end, or “ nose,” as it is technically called, a pear-shaped lump of 
glass. Resting his pipe upon a stand or horse, he turns it gently round, and allows the surface of 
the lump to cool, to fit it for a second gathering. 

The lump completed, the gatherer cools his 

pipe under a trough of water, that he may ^ 

handle it at any point, and proceeds to roll the 
glass upon a “ marver,” or metallic bed, until q 

it assumes a conical form, the apex of the I- ... i , . . — : ■ r; 

cone forming the “bullion-point.” A boy 

now blows down the pipe while it is still being turned by the gatherer on the marver, and expands 
the glass into a small globe. Having been heated, it is blown again, and assumes the shape of 
a Florence flask, and the future rim of the developed plate .is prepared by rolling the piece, near 
the pipe-nose, upon the edge of a marver. Again heated, it is expanded by the blower into a’ large 
globe. During this expansion, it is important to keep the bullion-point exactly in the position 
which it previously occupied, in a line with the axis of the pipe. To effect this, the blower rests 
his pipe upon the iron support, and while he blows down the pipe and turns it round at the same 
time, a boy holds against the bullion-point a piece of iron terminating in a small cup. Again 
presented to the fire, by the pecullr manipulation Rf the workman, and thv peculiar direction 
of the flaihe upon it, the front of the globe is flattened, the possibility of the globe collapsing 
during this -»per,p*ion being prevented by its rapid revolution round its axis. The piece now ' 
resembles in shape an enormous decanter, with a flat bottom and a very short ^eck. ’The bullion^ 
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point is still to be seen in the centre of the flat bottom, and its nse now becomes manifest. The 
pipe is laid horizontally upon an iron rest, and a man approaches, having in his hand a ponty, 
tipped with a Inmp of molten glass. Pressing this lump upon an iron point, so as to give it the 
form of a little cnp, he fits it, when thus shaped, on_to the bullion-point, to which it soon becomes 
firmly attached. The lump thus formed is called the “ bull’s-eye ” or “ bullion ” of the developed 
plate. The incision of a piece of 
cold iron in the glass round the nose 
of the pipe, and a smart blow, soon 
detaches the pipe, which, after 
having lain a few minutes, till the 
glass adhering to it has cracked off, 
is warmed, and carried back to the 
pot to repeat its course. 

The end of the piece, which was 
next the now detached pipe, is called 
the nose, and gives it name to the 
furnace or nose-hole. Fig. 763, where 
this nose is, on account of its thick- 
ness, heated almost to melting, with 
a view to the coming operation. A 
man, with a veil before his face, 
stands in front of a circle of flame, 
into which he thrusts his piece of 
glass, meanwhile rapidly revolving 
his ponty. The action of heat and 
centrifugal force combined makes 
the nose of the piece expand, the 
parts around cannot resist the ten- 
dency, the opening grows larger 
and larger, and finally there appears a thin transparent circular plate of glass. Still whirling, the 
“table,” as it is now called, is carried off, laid flat upon a support called a “ whimscy,” detached by 
shears from the ponty, lifted upon a fork into the annealing-kiln, and placed upon its edge against 
the preceding table. The weight of so many tables pressing one against another would cause the 
Undermost to bend, were this not prevented by the intervention of 
iron frames or “ drossers,” which divide the tables into sets, the first 
drosser leaning against the wall of the kiln, the second against 
the first, and so on. As the bull’s-eye or centre lump, which the 
ponty has left, keeps each table from close contact with its neigh- 
bours, the air passes freely between them, and the annealing is 
accomplished with tolerable rapidity, varying from 24 to 48 hours, 
according to the number of tables in the kiln. From the kiln, 
the tables are conveyed to the warehouse, having passed, since 
their first exit from the pot, through the hands of ten distinct 
workmen. 

The process may be regarded as twofold — ^first, the development 
of the lump into a sphere ; and secondly, the resolution of a sphere 
into a circular table. Constant rotation of the glass, while in a 
yielding state, is an essential element of success, as, if allowed to 
remain motionless, its symmetry would be immediately destroyed. 

Sheet-Glass . — As before, a lump of glass is collected upon the end of the gatherer’s pipe. For the 
metallic table or marver, is now substituted a block of wood, so hollowed out as to allow the lump, 
when placed upon it, to be expanded by the blower to the diameter ultimately required. The block 
during this operation, is sprinkled with water, to prevent the wood from beino- burnt and from 
scratching the glass. From the block, the glass is carried to the blowing-furnace, which is’ accessible 
through a number of holes or openings, each hole being allotted to a single blower. In front of the 
furnace corresponding to each opening, is a stage or frame of wood, erected over a large pit or well 
about 10 ft. deep, and these parallel stages are suflSciently apart to enable each blower to swing his 
pipe to and fro in a vertical plane, that the glass may run freely out, as the phrase is, to the 
required length. When the glass has been sufficiently heated in the blowing-furnace, it is brought 
out, and swung round ip a vertical plane, atfd also backwardit and forwards, and the blower, at the 
same time, by blowing down the pipe, constantly keeps the lengthening cylinder fall ofiair.’ 
r Uniformity of substance and diameter is chiefly secured by the skiU of the wqfkmjn, who, when 
the finds the» metal running out too freely, holds the cylinder vertically above his head, still 
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keeping it well filled ■^th air. These operations are continned until the cylinder has reached the 
required length. The diameter of the cylinder was determined by the wooden block, and remains 
the same tliroughout. The next stage of the process is opening the end of the cylinder. The 
thinner kinds of glass are all opened by submitting the end of the cylinder to the tire, at the same 
time forcing in air through the pipe, and stopping up its aperture. The air is expanded by the heat 
of the fire, ithd bursts open the cylinder at the end, this being the hottest and most yielding part. The 
apejtu?e thus made is widened out to the diameter of the cylinder, by subsequently turning the 
cylinder to and fro with the opening downwards. The thicker kinds are opened by attaching a 
lump of hot glass to the end of the cylinder, which thus becomes the hottest and weakest part ; the 
air forced in by the blower as before hursts it open. The opening is then enlarged by cutting 
round it with scissors. If opened in the furnace, as in the first case, the ends of the thicker cylinders 
^ would be so thinned out that a considerable portion would bo wasted. 

The cylinder is now laid on a wooden rest, or “ chevalet,” and is easily detached from the pipe, 
by the application of a piece of cold iron or steel to the neck of the glass near the pipe-nose ; the 
neck, being hot, suddenly contracts externally, and breaks away from the cylinder. There still 
remains the cap or end of the cylinder, which is easily taken off, by wrapping round the end of the 
cylinder a thread of hot glass, removing the thread, and applying a piece of cold iron to any point 
which the thread covered. The cylinder, as it lies upon the chevalet, is in weight little more than two- 
thirds of the lump of glass which the gatherer collected on bis pipe. The quantity left upon the pipe- 
nose, with that which formed the cap of the cylinder, are nearly equivalent in weight to one-half 
the cylinder. 

The finished cylinder is now split open by a diamond, which, attached to a long handle, and 
guided by a wooden rule, is drawn along the inside length of the cylinder, and should pass through, 
or in the neighbourhood of, some notable defect, if such be present, for defects thus brought to the 
edges of the subsequent plate of glass are of less injury to its value. An object to be avoided is the 
black mark, which the cylinder sometimes receives from the charring of the wooden “ chevalet,” on 
which, while hot, it rested in the glass-house. If the diamond passes inside the cylinder, over the 
space occupied by this mark upon the outside, the cylinder will fly to pieces. The reason of this 
is not difficult to understand. The chevalet prevented, by its non-conducting tendency, that 
portion of the glass with which it was in contact, from cooling equably with the rest, and the 
particles at that point remained in a state of tension. A careful blower will never place any large 
defect in his cylinder in contact with the chevalet, being aware of the probable result. 

The cylinder is now ready for the flattener, who, having prepared it by a preliminary warming 
in the flue, by which it is introduced into his furnace, passes it, by means of a “ croppie,” or iron 
instrument, on to the flattening-stone, from the slight irregularities of whose surface it is protected 
by a “lagre,” or sheet of glass, laid upon the stone. Upon this lagre, the cylinder, lying with the 
split uppermost, is soon opened by the flame passing over it, and falls back into a wavy sheet. The 
flattener now applies another instrument, a “ polissoir,” or rod of iron, furnished at the end with a 
block of wood, and rubs down the waviness into a flat surface, often, upon a refractory piece, using 
considerable force. Some cylinders are so distorted in the blowing that no rubbing can flatten 
them, but all, good, bad, and indifferent, pass through the same treatment. The flattening-stone 
is now moved on wheels to a cooler portion of the furnace, and, by the aid of the flattening-fork, 
delivers its sheet to another stone, called the cooling-stone. From this, when sufficiently stiff, it is 
again lifted, and then piled, generally on its edge, in order to be annealed. 

When this manufacture was new in England, the size usually blown was 36 in. long, and 
20 wide ; the usual size now is 17 in. long by 32 wide, and cylinders are occasionally blown 77 in. 
long ; but large sizes and heavy weights are accomplished only by first-class workmen. A sheet 
of the last size, containing 21 oz. to the foot, would require for its formation a lump of glass upon 
the gatherer’s pipe, of no less than 38 lb. weight. The size which sheet-glass can thus reach, is 
obviously a great advantage, and adapts it to many purposes from which the limited dimensions of 
crown are excluded. But sheet-glass has its faults — it is devoid of that brilliancy of surface for 
which crown is so remarkable ; and is subject to undulations on the surface, the precise origin of 
which it is difficult to explain, but it is probable that this undulation is produced in the operation 
of blowing, and is due to the double movement of the particles of glass which accompanies the 
formation of every cylinder, the one movement being parallel to the axis of the cylinder, and the 
other in planes at right angles to that axis. 

Sheet-glassy by the mode of its production, has the polish of its surface spoiled in some degree ; 
but its greatest defect is that the inside and outside surfaces of the cylinder, not being of the same 
length after being developed by the flattening operation, cannot be in juxtaposition on two parallel 
'* planes, without one being forced 'Jo contract or thd’other to expand ; but, af* the glass remains too 
hard during the flattening process to change its molecular arrangement, one surface contracts the 
otlier, andUhe jesnlt is a kind of undulating or wavy appearance, called “ cockles.” These cocktes 
reflect and refract light in various and contrary directions, and the objects ^en through the giass 
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aie thereby distorted. Seyeral attempts have been made to grind and HiJ this gl^, in order to 
destroy thL inequaUties and imperfections. James Chance conceived the idea “f 
sheet to be ground and polished upon a flat surface, covered with a damp piece of soft 
sheet adheres completely to the leather, after having been pressed against it, producing, m a 

vacuum, maintaining the whole sheet in a flat position. Two sheets having teen placed m ttos 
manner, each on the retaining or sucking surface, they are turned one against the other m a hon 
zontal position, sand and water being constantly supplied between them, and by means of machi- 
nery the two surfaces are rapidly rubbed one against the other in all directions and are ggoimd at 
the ime time by the sand. When the grinding has teen performed on one surface, the sheets are 
turned, to have the other surface ground in the same manner. The sheets are smoothed and 
polished in the same way as plate-glass. 

The sheet being ground while it is kept perfectly flat, it is not necessary to wear out more than 
a thin layer of the whole surface. Of course, after the operation, the sheet, by its own elasticity, 
resumes its former more or less curved shape; but the whole surface of both sides has a polish as 
perfect as plate-glass, and this is the desired condition for glazing purposes. 

Spreading- and Annealin^-Kiln.-msa. 764, 765, 766, and 767 show the various arrangements of 
the spreading- and annealing-kiln. The split cylinder is injioduced through the tube x upon the 
movable flattening-carriage 
6*, which, when the cylinder 
is flattened, can be moved 
from the tramway zpz 
the tramway ypy , placed 
upon the “ traversing-car- 
riage” a. This moves upon 
the tramway x, and conveys 
the spreading-carriage i' to 
position 0, at the same time 
bringing the second spread- 
ing-carriage 6* into such a 
position that it can be moved 
upon the tramway up a, just 
vacated by 6'. The sheet can 
now be removed from 6‘ to the 
carriage D, upon which it is 
gradually carried down the 
annealing - kiln, and away 
from the fire. The carriage 
6^ is moved back to the 
position V. 

In place of the spread- 
ing- and annealing-kilu just 
described, it has been pro- 
posed to use two contiguous 
circular kilns with revolving 
beds. The split cylinder is 
introduced at one side of the 
revolving ted, and carried 
round to the heated side, 
where it is spread. It is 
then passed through a narrow 
opening on to the bed of the 
contiguous kiln, and carried 
by it gradually away from 
the fire. 

Blowing Sheet -glass.— 

Mechanical appliances.called 
“ iron men,” are used to assist 
the blowers in 'making pieces of unusual size and thickness. The iron man merely carries the 
weight of the cylinder, during the operation of blowing, and has no blowing-apparatus in connection 
with it. It is believedvthat some arrangement #ith bellows has Been used. ^ 

Moulding Cylinders.— The cylinders used to be moulded in wooden blocks, and are s8 still to 
some extent : but metal blocks of various kinds are now largely substituted. , 

fiize of CyUnders.— Cylinders are made in a great variety of sizes, from 40 in. to 80 in. long, and 
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from 20 in. to 50 in. wide. In Fig. 768, a, 6, c, d, e represent the stages of the manufaetnre of a 
cylinder. 

Glass Shades. — The manufacture of glass shades is almost identical with that of sheet-glass, 
except that the process is not carried so far. The materials and manipulation are identical. In e. 
Fig. 768, if the elongated globe be cut &om the blow-pipe at a point represented by the dotted line, 
a shade would be formed. The dimensions and forms of shades are regulated by the size and forms 
of tt* moulds into which the glass is blown. 

Steam-gauge tube. — This is made from the same material as plate- and sheet-glass ; for process 
of manufacture, compare Flint-glass. 

Bohemian Glass. — The percentage composition of Bohemian glass is : — 



SiOg. 

K2O. 

N&2O. 

CaO. 

MgO. 

■A.I2O3. 

FegOs. 

Drinking-glass .. .. 

71-70 

12-70 

2-50 

10-30 


0-70 

Mirror-glass 

76-00 

15-60 


8-00 

.. 

1-00 

Combustion-tube . . . . 

73-13 

11-49 

3-07 

10-43 

0-26 

0-89 
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Bohemian glass is properly a mixture of the silicates of potash and lime ; it is, however, in this 
condition so difScult to work, from its high melting-point, that, for ordinary purposes, it has been 
found advisable to re- 
place half the potash in 
this mixture by an equi- 
valent of soda. Bohe- 
mian glass is, as has 
already been noticed, 
but little affected by 
chemical reagents. For 
this reason, and on ac- 
count of its high melt- 
ing-point, it is chiefly 
valuable for the produc- 
tion of apparatus used in 
chemical research. Bo- 
hemian combustion-tube, 
which is the form in 
which Bohemian glass is 
probably best known, 
may be represented by 
the formula K,0, CaO, 

CSiO^. Owing to the 
absence of oxide of lead 
from its composition, Bo- 
hemian glass can be 
melted in open crucibles, 
and thus the greater part 
of the heat of the fur- 
nace is available for the 
fusion of the glass. The 
methods of working the glass, whether for chemical or ornamental purposes, are similar to those 

employed in the manipulation of flint-glass. 

The production of a ruby colomr, commonly met with in Bohemian vases, is referred to under 
Coloured Glass. 

FUnt- or Lead-glass, and Ornamental Glass.— There are various Hnds of lead-glass 
(compare Optical Glass), but that generally used in the manufacture of domestic and ornamental 
articles may be represented by the formula K^O, PbO, 6SiOj. A glass, answering approximately 
to this formula, but varying slightly in every manufactory, is used in the production of tube and 
cane for lamp- workers, and of chemical and physical apparatus, as well as of tumblers, jugs, bottles, 
wine-glasses, ornaments, and vases. The essential qualities of a glass intended for these purposes, 
^re ductility, long-continued viscosity, absolute p*ity of colour and ,sub|tance, together with 
brilliancy and perfect transparency. The raw materials of lead-glass are sand, carbonate of potash, 
red-lead, njtra^ of potash, trioxide of arsenic, and binoxide of manganese. Transparency, and 
purity of colour and substance, depend upon the purity of the raw materials, upon their right coBi- 
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bination, and upon the regularity of the heat. Brilliancy is due to the powerful refraction and 
dispersion of light, caused by the presence of silicate of lead. Although lead-glass offers many 
advantages, it has the following drawbacks : — (1) it is so soft as to be easily scratched ; (2) it is 
liable to tarnish when exposed to the action of sulphides ; (3) it is costly , on account of the high price 
of lead ; (4) also on account of the difBculty of obtaining it free from blemishes. 

The raw materials, after having been weighed, are placed in a large bin, and are pa^ed three or 
more times through a brass-wire sieve, so that they may be thoroughly mixctl. To this miAuip, is 
added broken or ladled lead-glass, in a proportion 

varying with the quantity available. The broken ‘ 

glass must first be carefully sorted, in order to 
remove even the smallest fragments of coloured or 
chemically different glass. The raw material is 
now ready to be introduced into the crucibles. In 
order to avoid the reduction of the oxide of lead, 
a lead-glass crucible is domed over, and only one 
small opening is left, which is turned away from 
the fire, for the introduction and withdrawal of 
the glass, and for the convenience of the glass- 
blower. The manipulation of lead-glass in large 
manufactories ceases, as a rule, on Friday, to be 
resumed on the following Monday morning. The 
raw materials are, therefore, generally placed in 
the crucibles on Friday evening, so that the glass 
may be ready for use when the workmen return. 

The length of time required for the complete 
fusion and purification of lead-glass may be 
greatly modified by the nature of the furnace. 

After the raw materials have been placed in the 
crucible, the opening or mouth is closed by means 
of a fire-clay slab, and the joint is cemented with 
moist fire-clay. An average-sizal crucible holds 
10-12 owt. of glass. It is usually filled by 3-4 
distinct charges, one being allowed to become 
partially melted before another is added. The crucibles stand around the grate of tho furnace 
and under a common dome; the mouth of each protrudes through an arch in the side of 
the dome, and the crucibles are separated by pillars, through which, flues pa.ss upwards into 
the main cone. Gas-furnaces are now being used in lead-glass manufactories, but the old-fashioned 
circular coal- or coke-furnace, with certain economical modifications, and sometimes fed by Frisbie’s 
apparatus, is still most common. 

Fig. 769 shows the details of the space between two pillars or flues of an old-fashioned circular 
furnace : F are the pillars containing flues leading into tho cone ; D, iron doors for cleaning 
and mending the flues ; B, iron buck-staves, carrying the iron ring R, and supiiortin-- the weight 
of the cone. There are usually 20 of these staves. The mouth A of the crucible, is partially closed 
by a fire-clay collar ; H is the bed of the furnace, upon which the crucible rests ; 0, the arch in 
the side of the common dome ; E, a door of ironwork and bricks, to protect the workman from 
the heat of the furnace ; X, an iron-grooved rest, which supports the working-irons of the glass- 
blower; S, a fire-clay box or “shoe,” in which the ends of the irons are heated ; P a small round 
opening, closed with a movable fire-clay plug, and through which the interior of the furnace can 
be viewed. 

Where small crucibles are used, it is customary to continue work throu<-hout the week alter 
nately melting and working out the glass. By this means, great economy is effected but it is 
impossible to produce glass of first-rate quality. As soon as the glass is completely fused and 
purified, and the workmen have returned to work, the mouths of the crucibles are opeMd and the 
surface of the molten glass is skimmed, in order to remove any infusible impurities, which may have 
fallen into the crucible, or may have been introduced together with the raw materials The glass 
may now be considered ready for work; but before describing the processes of mauipnlation; the 
workmen themselves and the tools employed, demand notice. Work is continued ni-ht Ld dav and 
the workmen are divided into two sets, or “turns,” relieving each other at the end of every 6 hours 
Each turn is made up of groups or “ chairs,” of workmen, the number varying with the Lmber of 
crucibles in the fufnac?. The usual complement is one ‘^hair” in each turn to t * 

ci-ucibles ; but it varies with the size of the crucibles, and the style of work'. If the cruXbleThoH 
sufficient glass to supply a larger number of “chairs,” a larger number may be acco,«no,Hted hv 
providing additional auxiliary working-fiu-naces. It must be remembered that, manip'ulation 
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every workman requires a supply of heat, which is usually provided by the mouth of the crucible 
from which the glass is gathered. Each chair is made up of a “ workn^n,” a first assistant or 
“ servitor/’ a second assistant or “ footmaker/’ and one or more boys. 

The tools used in the manipulation of blown-glass are represented in Fig. 770 : — ct, hollow iron 
l)low-pipe, usually 5 ft. long, and used for gathering glass from the crucible, as represented in 

Y69. 



Pio'. 771, and for the first or blowing process ; 6, soUd iron working-rod, lighter and slighter than 
the blow-pipe, tapering from the handle to the point, and used for holding vessels by means of a 
seal of glass during the later manipulatory processes ; c, sugar-tong spring tool with knife-blades ; 
d, a similar tool with wooden legs, valuable for opening wine-glass bowls, &c., and for fashioning 
other objects in which it is important that the glass shall not be scratched or marked ; e, shears, 
for removing any surplus ; 

/, a flat plate of iron, 

with handle, for flatten- — * 

ing the bottoms of tumb- 5 

lets ; g, pincers, for taking ’ 

hold of and fixing the 
ends of handles, and other 
purposes. AtH, Fig. 772, 
is shown a flat slab of 
polished iron, called a 
“marver,” resting upon 
a firmly constructed stool, 
on which the glass is 
rolled, immediately after 
gathering, with a view to 
its consolidation. Very 
important is the seat in 
which the glass-blower 

works Fig. 773 repre- 
sents a -lass-blower at work in his chair. The arms A B project 18 in. in front of the seat, are exactly 

mrallef and slope gently downwards from B to A. The innumerable forms of blown-glass are 
mainlv due to the power possessed by the workmaUof imparting to th^visqjd glass a contmuous 
rntatorv^notion, whilst he simultaneously fashions it. The blow-pipe, with the glass attached, is 
rolled baohwajds and forwards upon the arms AB with the left hand, whilst the right hand 
remains free to shape the glass. ^ • • , 
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Moulds are used (1) for giving the exact form to dishes which are required to fit into metal- 
work, or are of an oval or irregular form. In Fig. 774, a b represent two methods of blowing dishes 
into moulds : in a, after a bulb has been blown, and has been forced by the breath to take the 
form of the mould, the surplus glass is blown out so thin as to be easily broken away ; in b, the 
surplus remains thick, and has to be removed by the glass-cutter. Moulds, especially wooden ones, 
are used (2) for shaping the bowls of wine-glasses and * 

the bodies of decanters, though not often for this purpose 
in England ; and (3) for imparting patterns to the sur- 
fiioe of blown-glass ; c shows a mould ; and the remaining 
figures, the section of a monld, and the glass before and 
after it has been moulded. 

The general principles of glass-blowing are : — (1) a 
hollow bulb at the end of a blow-pipe will collapse under 
the pressure of the atmosphere, unless it be continually 
blown into; (2) a bulb blown whUo the blow-pipe is 
raised will have a fiattened form ; (3) one blown whilst 
the blow-pipe points downwards will be elongated ; (4) a 
hollow bulb or a solid mass, allowed to hang downwards, and swung from side to side, will be 
greatly elongated ; (5) if a bulb be not continuously rotated, it will become distorted ; (6) hollow 
or solid masses of viscid glass may be almost indefinitely elongated by traction. 

The course of manufacture is ; — (1) The blowing-iron is heated at the end, and a suflScient 
weight of molten glass is collected upon it ; (2) the glass is blown and fashioned with the tools, 
and may be decorated with knobs or threads, with coloured casings, with gold, platinum, or 
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powdered glass, with iridescence or with frosting; (3) the fashioned vessel is placed in the 
annealing-oven; (4) the vessel is removed from the annealing-oven, and probably requires to be- 
flattened at its base by means of the cutters’ wheel. If it be a bottle, it may require to be stop, 
pered. The other processes to which the annealed vessel may be subjected, and which will be 
briefly described, are— cutting, engraving, carving, engraving by acid, and roughening by the 
sand-blast process. 


In Fig. 775, a 5 c, &c., represent the different stages in the manufacture of a lisrht wine-glass • 
(a) the molten glass has been gathered upon the end of the blow-pipe, and has been consolidated 
by roUing upon the iron slab or marver; (6) the solid mass has been slightly marked by the com- 
pression of the knife-blades of the spring tool ; the knob thus formed is pulled out by the same tool 
to form the leg; (c) the upper part of the mass is expanded by the breath to form' the bowl • (d) 
the leg is gradually formed ; the small button remaining at the end is removed by a sharp blow • 
(«/) a small quantity of glass has in the meanwhile been gathered, blown into, and compressed’ 
as shown at/, to form the foot; the bowl and leg are pressed against the doubly indented hollow* 
buiy, and made to adhere to it; the bulb / is severed from the blow-pipe, upon which it was 
gathered, by the application of a moistened tool ; (j) the bulb, which is now attached to the les of 
the wine-glass, is divided by the spring tool at the point of indentation ; (A) the open cup which 
remains is flattened, partly by the insertion of the points of the spring tool, partly bv centrifugal 
force generated by rapid rotation; to the bottom of the flattened foot, a light solid workin.^ rod (tY 

moistened tool; (0 the rough edge is sheared and smoothed by melting at the Lutli of the 

®®P“™ted from the working-iron by a shafw btiw and is 
^ried by a bo^ to annealing-oven. ^ ’ 
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The seal of glass, by which the working-iron was fixed to the bottom of the foot, leaves a rough 
mark, which has to be polished away by the glass-cutter, after the wine-glass has been annealed. 
To avoid the necessity of this extra process, a tool has been lately used to a considerable extent, 
which clips and holds the foot of the wine-glass by means of a spring. This tool, represented in 
section in Fig. 776, takes the place of the solid 
working-irfin. By depressing the outer coating a 
of ijie tool upon the spring s, space is left between 
c d for the admission of the foot of the wine- 
glass. The spring s, as soon as pressure is re- 
moved, presses the foot of the wine-glass, which 
rests upon a, against the stationary plate c. In 
Fig. 775, abode represent the work of the 
“ servitor ” or first assistant ; f g h i, the work of 
the footmaker or second assistant; and I, the 
work of the workman. In making heavier wine- 
glasses, the bowl is blown first, and a piece of 
molten glass is dropped on to its base to form the 
leg. The stages of manufacture are shown in 
Fig. 777. 

A patent has lately been secured by Eichard- 
son, of Hodgetts and Richardson, for a tool for 
fashioning the feet of wine-glasses. This con- 
sists of two plates of wood or carbon hinged 
together, with straps for regulating the extent 
of the opening, and for opening the two plates. 

The workman’s right hand compresses the soft 
metal of the foot between the plates, whilst his 
left hand rotates the wine-glass attached to the 
end of the blow-pipe. By means of this tool, a 
foot is formed from a solid mass of glass, and 
the operation requires but little skill. The feet 
thus formed are even and smooth, but inferior to 
blown feet in lightness. The same inventor has 
produced a machine for shaping the bottom and 
sides of heavy tumblers. The tumbler is blown, roughly fashioned in the ordinary way, and, while 
still attached to the blow-pipe, is pressed against a flat disc of iron (the size of the bottom of the 
tumbler), from which, iron fingers project upwards, and surroimd the body of the tumbler. The 
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• weight of the blowing-iron is supported upon a r»st, and a rotary motion ^ given to the fingers 
and dis*:, by means of a fly-wheel attached to its base. The disc forms the bottom, and the 
fingers sh^pe the outside of the tumbler by friction. , 

In Fig. Tl^,ab c illustrate the process of affixing a hauille to a jug. A small (Quantity of gViss 
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is gathered at the end of a working-rod, and is rolled to an even thickness npon the marver. It is 
now lengthened by holding the rod with the glass downwards, and by pulling the free end with a 
pair of pincers. When the mass is snfSciently long, the free end is made to adhere to the side of 
the jug, and the other end is severed from the iron by the shears. The end which now remains free 
is seized by the pincers, bent round, and made to adhere to another point on the side of the jug. 



below, but in the same line with, the first junction. If it be wished to form 
a compartment for ice, in the inside of the body of a jug or decanter, the body 
must be blown in the usual way, and, whilst it is still attached to the blow- 
pipe, a mass of molten glass must be dropped upon one side of it, and suction 
be applied to the mouth of the blow-pipe ; by this means, the hot glass is 
drawn inwards, through the wall of the body of the decanter or jug, and the 
pressure of the external air forms the hot mass into an open bulb. 

Fig. 779, a 6cde/, illustrates the 
formation of long flower-vases. A suf- 
ficient weight of glass is gathered and 
rolled. An indentation is made in 
order to form a knob, and the mass is 
expanded as shown at c. By swinging 
the bulb with the knob downwards, 
the bulb becomes greatly elongated. 

A working-rod is attached to the knob, 
and the other end is severed from the 
blow-pipe. The rough edge is sheared, 
and the open mouth is formed by rota- 
tion. 

The manufacture of tubes and solid 
canes of glass depends upon tbe almost 
unlimited ductility of glass in the intermediate condition between liquidity and solidity. In 
making cane, a mass of glass is gathered, and rolled upon the marver, A flat disc of glass, adhering 
to a working-rod, is fixed to the end of the mass opposite to tlie attachment of the blow-pipe. The 
workman retains his blow-pipe in his hands, and an assistant holds the working-rod. The workman 
and assistant now separate, and recede from each other ; the greater the distance is by which they are 
separated, the smaller will be the diameter, and the greater the length, of the glass which unites 
them. Tube is made in the same way as solid cane, with the difference that the mass of glass is 
blown into and expanded before it is extended. The stages of tube-drawing are illustrated in Figs 
780, 781 : a is the solid mass of marvered glass; 6 c, the same expanded ; d, the working-rod with 
disc of glass attached; f g, the process of drawing. The shape given to the mass of the glass, or to 
the hollow within the mass before extension, will be retained by the tube after extension. If the 
mass be flattened, a flat op oval tube will be fofmed; if moulded into a triangular form the tube * 
will be triangular ; if the hollow mass be flattened, and then dipped into the crucible, and frCfeh glass 
gathered upon it, a round tube with a flattened bore will be produced. These kcts.are taken 
advantage of in making tubes for thermometers. A flattened bore makes the mercury more visible. 
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and an angle in front of the bore magnifies it. Thermometer-tube backed with enamel is thus 
formed : — A mass of glass is gathered, blown hollow, and flattened by pressure ; upon one side of 
the flattened mass, a thin cake of hot enamel is carefully spread and fixed ; the mass with the 
enamel attached is dipped into the crucible, and coated with glass ; it is then marvered, moulded 
into any form, and finally drawn out in the same manner as ordinary tube. 

Fig. 78^represents the process of making variegated cane or tube. A mass of molten glass 
attach^ to the blow-pipe is pressed into a circular open mould, around the inside of which, short 

779 . 780 . 
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lengths of coloured cane have been arranged. 
The mass is withdrawn with the canes adher- 
ing to its surface, and, after being rolled upon 
the marver to effect amalgamation, is drawn 
out in the usual manner. If short lengths 
of variegated cane be used in the above pro- 
cess, in the place, of plain coloured cane, the 
section of the cane produced will bear some 
resemblance to a flower. Pretty effects may 
be obtained by incorporating minute sections 
of the “ flower ” cane in the bodies of decanters, 
or in the bowls of wine-glasses, and by sur- 
rounding them with engraved foliage. 

The tube drawn for thermometers and 
barometers is cut into suitable lengths, and 
passed on to the lamp-worker, who inserts the 
mercury and seals the ends. The “lamp” is 
a combination of a gas-jet, an air-jet, and a 
foot-bellows, or of a gas-jet and a mouth blow- 



pipe. Tube or cane is speedily rendered ductile by the intense heat of the blow-pipe flame, and can 
be readily manipulated. The lamp-worker prepares from tube some of the most delicate apparatus 
used in scientific research. A variety of goods for domestic and medical purposes, e. g. syringes, 
globule-bottles, vaccine-tubes, breast-glasses, &o., are made at the lamp from the same source. Cane 
is used in conjunction with tube in the manufacture of many useful and ornamental objects. Coloured 
canes are used to a considerable extent for imitating the decoration so coipinon in Venetian vases. 
E^m cane, or in fact any solid glass, rendered ductile Jby the heat of the blow-\jipe flame, a thread 
may be drawn out, which, if attached to a rapidly revolving wheel, may ^ ftidefinitely extended. 

In this way, spun glass is made. In order to render the thread more durable, it is annealed by i 
heatin" the vfheJf upon which it is being wound. In Austria, spun glass has been,pressed into , 
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the serrioe both of science and of decorative art ; it is used in the laboratory for filtering acids, and 
appears in the drawing-room as a permanent substitute for silk and feathers. Some ornamental 
processes during manufacture are : — (1) Upou the surface of a vessel in course of manufacture, 
■ small drops or seals of molten coloured glass may be fixed, and may be pressed by moulds into the 
form of stars, gems, &c. (2) A small qnantity of molten glass is gathered upon the end of a 
working-rod, and allowed to lengthen by the force of gravity ; the free end is attached to some 
point on the body of a vessel in 
course of manufacture, and the 
vessel is rapidly rotated, thus a 
thread is evenly coiled around the 
vessel. A machine is now being 
used for causing the vessel attached 
to the blow-pipe to revolve more 
evenly and rapidly than can be 
effected by the unaided skill of 
the workman. (3) If, after the 
first gathering, the bulb of white 
glass be dipped into a crucible 
containing coloured glass, a vessel 
may be formed with a coloured 
casing. In preparing coloured 
glasses for casing, great care must 
be taken that they shall neither 
be harder nor softer than the 
white metal, or the vessel formed is sure to crack. (4) If a bulb of molten glass be rolled upon 
variously coloured powdered glasses, flakes of mica, or leaves of gold, silver, or platinum, it 
will adhere to tliem, anil, by continuous rolling, will amalgamate with them. Very beautiful effects 
of colour may be obtained in vessels made from glass prepared as described. (5) Iridescence, 
which is due to inequality of surface, may be produced by the action of an acid, or of the fumes 
of chloride of tin, upon the surface of glass. The glass, whilst hot, is subjected to the fumes of 
chloride of tin, during manufacture. Any acid process must take place after the glass is annealed 
and cold. To effect iridescence, weak solutions of hydrofluoric or hydrochloric acids may be used. 
In the latter case, the process takes place in heated air-tight vessels. (0) Glass vessels may be 
frosted by plunging them, whilst still red-hot, into cold water, and afterwards reheating them. 
(7) Etchings in gold-leaf may be introduced into the substance of a vessel in the following manner. 
The gold-leaf is floated on to a thin plate of glass, and etched. The plate of glass is heated, and a 
mass of molten glass is dropped upou the surface of the gold-leaf, and adheres to the thin plate 
of glass through the pores iu the gold. The molten mass may be fashioned in the glass-house, or 
by the cutter. 

Catimj.— Aunealed glass vessels may be subjected to a variety of processes after they have 
become cold. The mark of fracture left at the base of a blown-glass vessel by the working-iron, is 
removed by pressing it upon the edge of a swiftly-revolving stone wheel. After the inequality 
is removed, the roughness is polished away by substituting a wooden wheel for the stone one. 
Cutting and engraving are modified foi-ms of the same process. The difference of effect lies in the 
greater depth of incision produced in cutting. In either process, lathes are used, in which the 
glass is pressed against the cutting-tools, instead of the cutting-tools being pressed against the glass. 
The eutting-tools are wheels revolving rapidly in a perpendicular plane. In cutting, the lathes 
are driven by steam, and the cutting-wheels are of considerable dimensions. The actual cutting is 
performed by iron wheels supplied from hoppers with sand and water. The incisions produced by 
iron wheels are smoothed by stone wheels supplied with water, and are polished by wooden wheels 
supplied with water and emery-powder, putty-powder, pumice, or rouge. For engraving, the lathes 
are usually worked by foot-treadles, and the wheels are of copper, and in some cases do not measure 
more than i in. in diameter. In engraving, it is customary to leave the pattern rough and the 
ground clear ; this arrangement, however, may be reversed, by polishing the pattern with leaden 
wheels supplied with oil and rouge, and by previously roughening the ground. Specimens have 
lately appeared with polished patterns upon a clear ground, ami the effect is decidedly pleasing 

stoppermg.-la stoppering a bottle, there are two processes: (1) The mouth of the bottle is 
opened to the required size by a steel cone revolving in a lathe; (2) the stopper is fixed in a 
wooden chuck, reduced 1,0 proper dimensions, and finally ground into tlie mouth of the bottle 

Eoughenimj.-nxU may be produced by tlje recently invented sand-blast process, based Umu the 
principle that if a stream of sand be made to fall through a vertical tube open to tlie air at the ton 
, and the falling sand and air be received in a suitable closed vessel below, a jet or current of com 
^ .pressed air c^n be obtained. The entire surface of a vessel may thus be roughenU 6r if parts are 
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protected by a suitable medium, only the exposed portions will be abraded. By this means, very 
delicate patterns may be produced. Glass may be etched by the action of hydrofluoric acid, either 
in solution or in the form of gas. The parts of the vessel which are required to remain clear must 
be coated with wax, and the vessel be exposed to the fumes of the gas, or dipped into the solution. 
The variety in depth of incision, which gives the chief beauty to engraved glass, cannot be gained 
by either ot these processes. 

In «the British Section at the Paris Exhibition, 1878, were exhibited some specimens of carved 
glaSs composed of two layers of glass, namely, a white upon a darker base. The carver had 
removed with his chisel parts of the upper white crust, and discovered, or partially discovered, the 
dark ground below ; in this manner, W'ere produced designs of the greatest beauty. 

Imitation Jewels. — The property of glass to display a variety of tints by the addition of metallic 
oxides, is made use of for the production of artificial gems (see Gems — Artificial). The percentage 
composition of the base used is SiOj, .88-10 ; K^O, 7-90 ; PbO, 53-00 ; AljOj . FcjOj, 1-00. For 
the colouring agents used in imitation of precious stone.s, compare Coloured Glass. 

Bottle-Glass. — The manufacture of moulded bottles depends upon the principle that a mass 
of moulded glass, expanded by the breath, will take the shape, externally as well as internally, 
of a resisting environment. It is essential that a moulded bottle shall be cheap, strong, and 
capable of resisting the corrosive action of any liquid which may be placed in it for preserva- 
tion. These essentials may be gained by great economy in manufacture, great care in mani- 
pulation, and by a scientific combination of the raw materials. Economy of manufacture 
depends on the position of the manufactory, on the power of obtaining the greatest result from the 
consumption of the smallest quantity of fuel, and on the utiliz.ition of waste products in the com- 
position of the glass. Bottle-manufactories are, as a rule, placed within a short distance of coal- 
bearing strata, and have easy access to water-carriage. It is also a considerable advantage if sand, 
suitable for glass-making, can be obtained in the vicinity of the works. The consumption of fuel is 
mainly regulated by the construction of the fm-nace. The ordinary furnace for bottle-making is 
oblong, with openings at the angles, to allow the flame to pass from the main structure into four 
subsidiary ovens, containing the nuxture of the raw materials. By this arrangement, the mixture 
will have already undergone partial fusion, before it is placed in the working-crucibles. The absence 
of oxide of lead from the composition of common bottle-glass permits the use of opep crucibles, in 
which fusion is efiected more quickly tlian would be the case if tlie crucibles were even only par- 
tially covered. The form of the crucibles, except in this particular, varies in dilferent manufac- 
tories. Large reservoirs or tanks seem, however, to be best suited. The combination of gas-furnace 
and tanks, introduced by Dr. C. W. Siemens, is in every rcsiiect admirably adapted for tiie produc- 
tion of bottle-gluss. On the old system, a crucible, when emptied and recharged, is useless for all 
working purposes, until the fusion of tbe fresh charge is completed, i, e. for some IS hours. 

The object of Dr. Siemens’ system is to render the process of glass-making continuous and more 
uniform. Fig. 783 is a longitudinal section of his arrangement of tanks ABC. The raw mate- 
rials are received and partially fused in A, whence the liquid glass flows into the clarifying-com- 
partmentB; on leaving tliis, it passes into the working-compartment C, from which it can be 
withdrawn in the ordinary way through the openings DD. The compartment A is cliarged 
through the aperture E, at the back of the furnace, and is separated from B by a party-wall F, in 
which are formed a series of passages, one of which is shown at a. Through these passages, the 
melted glass flows, and from B, it passes to the tank C, through the passages c in the division- 
wall G. The sides and bottom of the tank are perforated with air-passages d, tlirough which cold 
air is made to circulate by the draught produced in the chimney H ; thus the tank walls are kept 
cook and enabled to withstand the action of the melted glass. The gas-ports are shown at K ; the 
heated air issues from corresponding openings, passing in diverse directions over the upper edges of 
the tank. By this means, is produced an effectual intermixture of the combustible gas and the 
heated air, and the air is prevented from coming into immediate contact with the surface of the 
melted glass. 

Fig. 784 shows a vertical cross-section, and Fig. 785 a horizontal section of this combined arrange- 
ment of furnace and tanks. Tlie principal advantages to be derived from the use of the continuous 
melting-furnace are (1) Inci eased power of production, as the full melting-heat may be employed, 
without interruption in one part ; whilst in another part, through the perfect control of the gas and 
air supplied to the furnace, the glass may be allowed to settle and cool : with the old method, these 
results could be attained only by the heating and cooling of the entire furnace ; (2) economy of 
labour in the melting operations; (3) durability of tank and furnace, owing to uniformity of 
temperature ; (4) economy of fuel, by the consumption of gas and air on the regenerative system, 
aiready explained. • • . • 

The coipposition of bottle-glass is very varied. It is, speaking generally, a silicate of soda or 
potash, and lime, together with alumina and oxide of iron ; it is to this latter oxide, present as an 
impurity ia tlie fiicap materials employed, that the glass owes its green colO|^r. Am analysis of* 
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a sample of French bottle-glass gives the following result : — Silica, 53‘55; potash, 5‘48; lime, 
29 • 22 ; alumina, 6 • 01 ; oxide of iron, 5 ’ 74 ; total, 100 -00. It may be represented by the formula— 
SCKjO), 27(CaO), SfAl^Oa), 2(rejO.,), 45(SiO,). 

The materials employed for the preparation of bottle-glass are conunon coloured sand ; the resi- 
dual alkaline and lime 

salts from gas-works, , , i i i , » 

soap-works, and alkali- f ~| ^ 

salt-cake, and ashes from f H AV 


clay, basalt, and other J 

rocks containing felspar ; "H J 

and lastlv the slag from itptr ^ 

1 3 

D 

■ n 

blast-furnaces. This slag 

D 


accumulates as refuse at 

D 


the rate of nearly 8000 1 

Q 

1 


tons per annum, and j jl - ■■ , . . li , ,, , . _ , 

great credit is due to V ^ X JC 

Bashley Britten for hav- onnnnDEnD dCCnijE ^ 

ing worked out a prac- ^ ^ ^ ^ ^ ^ 

tical method of utilizing ^ 

it in the manufacture of I 

glass. Both the heat I 

and the material of the 1 ] I ' 

slag is made use of, and 

it is upon the possibility ^ |! j 

of utilizing the former A j Xli c ,4r^~ 

that the economy of the i ' ' if - - • - Tt ' 2 

process depends. The i — 

manufactory, at Finedon, - J. j~[ 1 H 1 1 ^ r 

in Northamptonshire, is HI I 1 | 1 — | j j £ 1 

blast-f^aoes of the iron- i! fi'! ! i! ! ! !' '' '' '' ' ' ' ' • '' ' ' ' -i| ■! ' ' i '' 

on “carriers” to its des- I 1 1 r "■ '■ ■' ■' ‘‘ '' '■ it 1. ii 

tination. The ingredi- i- i ,J3 ^ ]j 

ents of the glass, of which 
the larger portion is molten slag, the remainder 
being sand and alkalies, are fed into the tank 
of a Siemens’ continuous melting-furnace. 

Bottles are made by a “ set ” of “ hands,” 
which usually consists of five persons, respec- 
tively known as the “ gatherer,” the “ blower,” 
the “ wetter-off,” the “ workman,” and the 
“ boy.” “ Medicals ” require four, and other 
bottles five manipulations. The glass being 
ready melted in tanks or crucibles, the 
“gatherer” inserts the end of a long hollow 
iron tube through the opening D into the 
working-tank C, Fig. 785, or, if an ordinary 
furnace is in use, through an opening in the 
furnace, opposite the mouth of a crucible, and 
into the crucible. The melted glass adheres 
to the heated end of the tube, and the gatherer, 
by revolving the tube, is able to collect as much 
glass as he judges will be sufficient to form 
the bottle required. The blower now takes 
the tube, with ^e ^lass attached, blurs 

through it, and trundles it on a smooth iron slab. The mass of glass is slightly hollow and 
conical in shape. It is placed in a mould, and distended by the blower’s breath until it 7’ 

•the internal /orm of the mould, both externally and internally. The blower now fi4 a sliap^b^^ttr 
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at the end of his tnbe. If it is a small one, such as a “ medical,” he taps his tube on the edge of a 
tray, and the bottle drops off, ready to be carried to the annealing-oven. If it is large, it is handed 
to the “ wetter-off,” who runs a wetted iron round the neck, and, in this manner, severs the bottle 
from the blowing-tube. The bottle is still without a lip, which it is the “ workman’s ” business to 
make. The “ workman ” holds the bottle, either by an iron rod attached to the bottom by a seal of 
melted gla^, or by a support with four prongs which surround and clip the body (Fig. 786). He 
heats JJie neck of the bottle, at an opening in the main fiimace, or at a separate small furnace, which 
is Specially arranged for his work, coils a small piece of molten glass round the neck, and then 
fashions it, when in a plastic condition, with a tool, which is best understood by reference to 
Fig. 787 : A represents a rounded projection, which regulates the shape and size of the inside of 
the neck ; C is a bottle in position ; B B can be compressed upon the hot glass by means of H, 
which acts as a spring, and thus form the rim of the lip. The bottle is turned by means of the 
% rod attached to its base, the tool is compressed, and the rim is finished. Fig. 788 is a modification 
of Fig. 787, and provides for the formation of an indented ring in the inside of the neck, in which, 
indiarubber can be fixed as an adjunct to the stopper. One side of this tool is shown open, and the 
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other shut. By compressing the arms of the tool, the spring S forces in one end E of a curved im- 
plement, which turns on the screw K, and drives the other end C into the plastic glass. Before the 
tool is compressed, the end C is contained in the body of the rounded projection A, which is 
thus enabled to enter the neck of the bottle. When A is inserted, the tool compressed, and the 
bottle turned, an external rim and an internal indentation are produced simultaneously. When 
indiarubber is attached to the stopper itself, as in Lament’s patent, the stopper is dropped into the 
bottle, a tube is thrust after it, and firmly seizes one end, and the indiarubber ring is forced over the 
tube and stopper, by a second tube sliding over the first. When the rim or lip is finished, the 
■ “ workman ” either takes the bottle out of the holder with a pair of wooden tongs, or separates it 

from the iron rod by sharply striking the latter. The “ boy,” finally, carries the finished bottle on 
a fork to the annealing-kiln, which is kept at a temperature rather below the melting-point of 
glass, until stacked full, when it is allowed to cool gradually. The process of making bottles is 
exceedingly rapid. In a day of ten hours, one “ set ” of workmen will turn out 130 dozen of finished 
^ bottles. 

* Bottle-Moulds. — Moulds are made of various substances, in various forms, and are the subject 

of a considerable number of patents. The material of a mould must be durable, and must impart a 
good surface to the heated glass. Brass, cast-iron, and wet wood, are the materials most commonly 
employed. Metallic moulds, while being worked, require to be kept nearly at a red-heat. Without 
this precaution, the surface of the glass is “ ruffled.” Care, on the other hand, must be taken, that 
the moulds are not so hot as to cause the glass to adhere. A small aperture must be left in the 
lower part of every mould, to allow the imprisoned air to escape while the hot glass is being 
introduced. 

* In order to form the neck of a bottle, moulds must be made in at least,two, and usually in three 

ipieces. Fig. 789 shows the sinq;ilest form of botye-mould in use, in which the two sides are 
hinged together at the base. The chief objection to this mould is the* facJ that, where the two 
sides of the mould join, a seam in the glass is always formed. This seam is not noticeable when th« 
bottles are squAe, and the join of the mould is at two angles of the bottle. Mouldy in three pieces 


f 


1078 


GLASS. 


iSo. 



are made up of one piece for the body, and two for the neck, which are hinged above the shoulder. 
The seam down the body is thus avoided, although two slight seams are observable in the neck. 
Bottles made in these moulds can never be perfectly cylindrical, as the upper part of the body of 
the mould must always be slightly larger than the lower, to allow of the delivery of the bottle. 
The mould is closed by a 
treadle, acting upon two 
levers with inside springs, 
which re-open the mould 
when the foot is removed. 

A patent has lately been 
secured for giving a rotatory 
motion to the body of a 
mould, whilst being worked, 
in order to remove the se.rm 
in the glass at the point of 
junction of the two sides. 

Fig. 700 is a vertical section, 
and Fig. 791 a side eleva- 
tion, of a bottle-mould hinged 
at the bottom ; Fig. 792 is a 
vertical section, and Fig. 

793 a side elevation, of a 
bottle-mould hinged at the 
shoulder, with apparatus for 
giving the mould a partial 
rotation whilst tlie bottle is 
being blown. For this purpose, the folding sides A, which are opened and closed by the treadle 
B, instead of being hinged to the stationary bars of the mould, are hinged to a casing C. A second 
treadle D, pressed upwards by a spring d, is connected with the casing C. The “blower,” closing 
the mould by pressure of his heel on B, can, by an up-and-down movement of his foot on D, 
cause a partial rotation of the whole mould around its base, or can 
cause the upper and lower parts to turn a little to and fro in 
opposite directions. 

Pressed-Glass. — Tire application of machinery to the manu- 
facture of glass, and the consequent partial substitution of me- 
chanical for manual labour, has produced a ware suitable for almost 
every domestic purpose, and so cheap as to be within the reach 
of all classes. In the process of moulding glass, the molten mass 
is forced to take the form of 

the mould, both on its inner ’* 2 . 

and outer surface, by the 
pressure of the glass-blower’s 
breath; in pressing glass, 
the molten glass takes the 
form of the mould, upon its 
outer surface, under the pres- 
sure of a metallic plunger, 
driven by mechanical means, 
whilst the form of the inner 
surface is fashioned accord- 
ing to the sliape of the 
plunger. Pressed - glass 
always requires to be polished by the remelting of an outer film, roughened by contact with the 
metallic surface of the mould. The roughness is probably caused by the comparative coldness 
of the mould, which produces shrinkage and irregularity upon the surface of the hot glass It ia 
found that the hotter the mould can be kept, the smoother and brigliter is the surface of the 
glass. Hand pressure can be applied to the production of small articles, by attaching a rubber 
or plunger by Muges to the mould, so that the hinges may form the fulcrum, and tlie resultant 
pressure may be obtained between the fulcrum and the handle attached to the plunger. 

For work on a large s'cale, pressure is usually applied by a weighted lever, or a screw and fl 
wheel. In the fornfer, Fig. 794, the mould is placed at M ; a sufficiency of molten glass i '' 
gathered from the crucible by means of an iron rod, and dropped into the mould, heinS- severed 
from the rod by aid of a pair of large shears. By depressing the handle H, whkh ttos upon a 
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fixed axis F, motion is communicated to the rod P, through the elbow. By this means, the 
frame B, sliding over the uprights I, togetlier with the plunger P, is lowered. The lever H is 
restored to its original position by the counterpoise W. Fig. 795 represents a screw-press. By 
turning the fly-wheel W, which is rigidly connected with the screw S (working in the fixed cross- 
bar O), the plunger P is lowered, together with the rods E, and the bar V, sliding over the fixed 
uprights I.^ 

Thg moulds are usually made of iron or gun-metal. When the shape of an article to be pressed 
necfcsitates the division of the mould, the several pieces are so hinged together, that the article 
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can be liberated with the greatest ease, and the joints are so fitted, that the glass may be as little 
marked by them as possible. 

In addition to the saving effected by the use of the press, and by the substitution of unskilled 
for highly trained labour, a considerable reduction in cost has been brought about by the introduc- 
tion of cheap substitutes for the raw materials originally used. The manufacturer of pressed-glass 
aims at the production of a glass rivalling flint-glass in clearness and whiteness, and surpassing it 
in softness, and in the power of retaining heat. Originally the same ingredients were used for 
pressed-glass as for flint-glass, the flint-glass for pressing being softened by the addition of borax in 
considerable quantity. 

Flint-glass is expensive, owing to the large proportion of red-lead used in its composition. A 
substitute for red-lead has been found in certain of the salts of barium. The following recipe is 
the subject of a patent, and the resultant glass is said to be one-half less expensive than flint-glass, 
but to be equal in transparency, clearness, and brilliancy Sand. 17; carbonate of soda. 4; 
carbonate of barium, 6 ; borax, 2. Another raw material used for pressed-glass is cryolite, 
a compound of fluoric acid, water, soda, and alumina. If 4 parts of cryolite be added to 1 of 
oxide of zinc, and 10 of sand, a milk-white opal will be produced, transparent for light rays, 
but cutting off the red rays. If a smaller quantity of cryolite be added, a white transparent 
glass will be the result, of great brilliancy, strength, and refractive power. If, on the other 
hand, more than 4 parts of cryolite be used, an opaque white mass will be obtained, which, in 
appearance, closely resembles china or glazed earthenware. This opaque substance is now pressed 
into a great variety of useful and ornamental articles. It can be coloured by various metallic 
oxides. 

Toughened Glass. — The discovery of a process by which either flat or shaped glass may be 
rendered less liable to breakage is due to M. de la Bastie. His process is to heat glass to the point 
of plasticity, and immediately to plunge it into a heated bath of molten fat. The temperature of 
the bath must be adjusted to the chemical nature of the glass. The temperature for a soft glass is 
68°-75° (154°-167° F.). For the bath, mutton-fat is preferred ; before being fit for use, it requires 
to be melted for at least 12 hours. The simplest form of the process is that used in the treatment 
of open-shaped vessels, such as tumblers and finger-basins. These are’treated in the course of 
%ianufacture, being dropped into tlfe bath, instead oT being sent to an j,nnc*ling-oven. For this 
purpose, a bath. Fig. 796, heated to the necessary temperature, either by a small gas-stove or by 
the insertio'j of^ot metal, and containing a lining of wire net, is placed as near to the workman al 
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possible. The heat of the bath, once acquired, is maintained by the heat of the vessels immersed 
in it. When the wire net is full, the bath is allowed to cool down to about 45° (113° F.): the 
glasses are taken out in the net, and arranged on sieves in an iron closet, which can be heated. 
The temperature is raised to about 70° (158° F.), causing the fat, which still adheres to the glasses, 
to drip through the sieves into a tank beneath, where it is collected for future use. From the 
heated closet, the glasses are removed to a tank containing caustic 
soda in solution, which is also slightly heated ; and thence to a bath 
of warm water. 

One of the first and most serious obstacles encountered in the appli- 
cation of the discovery to vessels of general utility was the difficulty 
of expelling air, contained in bottles and other utensils with narrow 
apertures, sufficiently quickly to allow the interior and exterior surfaces 
of the glass to be simultaneously affected by the liquid. The manner 
in which tbia difficulty has been overcome, in the case both of large 
and of small vessels, will be understood by reference to Figs. 797 and 
798. In Fig. 797, A represents the bath, B a bent tube, supported on 
guides at P, and having a pocket M to receive any of the liquid which 
may enter the end of the shorter arm ; E is the surface of the liquid. 

The bottle H is depressed to D, by the rod adhering to its base, and 
guided by supports P'. The air escapes by B, and the liquid takes the 
place of the air. The rod is detached, and B D is canted over, so as 
to allow the bottle to slip off and into the net. If necessary, auction 
may be applied at the end of B. Fig. 798 shows an arrangement for forcing the liquid into a 
vessel : — H is an air-compressing pump ; A, a bent tube, with an enlargement at B, and a valve C 
opening inwards. The short arm is perforated. The handle of the pump is depressed, the air 
presses on the liquid in B, C is closed, and the liquid is forced through perforations against the 
inner surface of the vessel. 

Figs. 799, 800, and 801 show different views of the apparatus used for the treatment of flat 
sheets of glass. The cold sheets are introduced into A (Fig. 799), where they are gradually warmed ; 
are then transferred to a 
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movable slab B, where 
they are heated more 
strongly ; and pass thence 
to a canting shelf C, the 
motion of which is made 
apparent in Fig. 801. 

At this point, the sheet 
passes from the furnace 
into the hath, suitable 
arrangements being pro- 
vided for preventing the 
flame of the furnace 
igniting the inflammable 
liquid in the bath X. 

When the shelf C is 

sufSciently tilted, the sheet of glass slips on to the support D, by 
the motion of which, after its immersion, it is raised iu such a manner 
that it can be easily moved on to one of the shelves F. The support 
D is such an arrangement of wire netting and open bars as will allow 
free access of the liquid to the under surface of the sheet. 

Pieper’s Process. — Pieper’s process for hardening or toughening 
glass differs from that of De la Bastie, although the results are similar. 

Glass vessels are heated almost to the point of plasticity, and are then 
subjected to the action of injected superheated steam. 

The insignificant demand for toughened glass at the present time 
proves that the quality of the material has not fulfilled the sanguine 
expectations aroused in the first instance. The reason is to be found in the physical nature of the 
glass. The characteristics of unannealed glass, and especially of glass which has passed very 
suddenly from the liquid to the soHd condition, have already been discussed. Toughened glass 
presents all these characte'ristics in a modifiei^form. The outsjde case is exceedingly hard and 
capable of resisting tlfe diSmond, and shocks of very considerable violence. Directly^ however the * 
case is pierced, either by external action— whether that of a blow, of hydrofluoric acid, of a file or 
of the cutter’s wheel— or by the infernal disturbance of molecules in a state of ei,ieSie tension 
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the mass is entirely disintegrated. The similarity of toughened glass to Prince Rupert’s drops is 
displayed in its fracture, in its resistance to the diamond, in its power of retnming to the normal 
condition of annealed glass by the action of heat, and in the porous condition of its internal sub- 
stance. The names by which this glass is generally known — “ toughened ” and “ unbreakable ” — 
are unfortunate ; it is certainly not unbreakable, and is not toughened, but case-hardened. 

Optical Glass. — The relations of light to glass are modified by the form, and the pliysical and 
chemical conditions of the glass. Transient effects of colour may be due to the form, to file physical 
condition, and, to a certain extent, to the chemical nature of a glass. Permanent effects are e!iti»ily 
due to the presence in the glass, whether in suspension, solution, or chemical combination, of certain 
metals and metallic oxides. A glass prism produces effects of colour principally by its form. Glass 
under certain circumstances will produce them by acquiring the physical property of double refrac- 
tion. If the elasticity of glass becomes more modified in one direction than in another, whether by 
curvature, pressure, or sudden cooling, and if the glass is then traversed by a beam of polarized 
light, effects of colour are obtained. These effects vary, according as the glass has a circular, 
square, rectangular, or triangular shape, and according to the degree of tension of its particles. 
A transient effect of colour is also produced by the physical action of uranic sesquioxide con- 
tained in the substance of a glass. This effect of colour is due to the power possessed by glass 
holding uranic sesquioxide in solution, of diminishing the refrangibility of the invisible ultra-violet 
rays of light, and of rendering them visible, and is known as fiuorescence. 

The chief points to be considered in the selection of glass for optical purposes are transparency, 
density, and homogeneity. In order to obtain perfect transparency, the raw material of the glass 
must be chosen and purified with immense care. Tbe presence of iron in the sand must be especially 
guarded against, as a very small quantity will tinge the glass, and diminish its transparency. The 
chief troubles, however, arise from the presence of bubbles and striae in the substance of the glass • 
the latter may be removed by agitation, produced either by stirring, or by the application of heat 
beneath the crucible ; the former, by rest Faraday suggests the removal of bubbles by mixing 
spongy platmum with the raw materials. Strim are probably caused by the tendency of molten 
glass to be^me straMed according to the density of its constituents. Solid specks are due to the 
corrosion of the crucible. 

The value of a lens depends upon the power of refraction possessed by the material of which the 
lens IS made. The most highly refracting medium is that in which the velocity of the propagation 
SJlub Is diminished by an increase in the density of the 

Tiln Tt"°V h'" 11 1 ® ° according to its compo- 

sition. The higher the atomic weight of the metals it contains, the greater is its densitv, and the 

higher its refractive index. Many experiments have been made to produce a glass of the greatest 
density without dimmwhing its transparency and duiability. Faraday has suggested the^se for 
optical purposes of sdicated borate of lead, and of silicated triborate of lead. To botli of these 
compounds, want of durability may be urged as an objection, although they posse-sTnsi v i^ I 
marked de^ee. Maez and Clemandot have intmduced boro-silicate of zinc. This gJass h^ a v“ y 
pleasing white appearance. It possesses a greater relative density than lead-glfss and can hi 
LTm"ftb’',r 1 "‘‘f f P-PO*«, without being subjected to Constant station 

thaTl urn ® and carbonate or sulphate of 

^bfeined ’l ^ 1“ density, and is homogeneous. Increased density is prictically 

obtained by augmenting the proportion of lead in flint-glass. ^ practically 

Manufacture . — It will be readily understood that, if the dpnm'txr of » i„ • ^ 

an effect of aberration is produced, and the lens is useless for n f T throughont, 

especially if it contains lead, has a tendency to arrange itself in the crL'^bl 

between 3-85 and 4-75. In order to ensure uniform density and h„m„!!n’e t e 

that the molten mass should be constantly agitated. The materials are melt’ l ■ ^ essential 

and agitated by means of a hollow fire-clay cylinder "nto Sch an Tr f 

cylinder is raised to a white heat in an LuJ; f™ rndTnril 

supported by suitable tackle. The iron bar is inseLd. and’ stirring commence Th 

removed after each stirring, but the fire-clay cylinder is allowed to remain in the on M ^ " 

commences directly the raw materials are thoroughly melted and is re t Stirring 

until the glass is ready to be worked. When large L™ renn 1. 1 

the crucible are to be devoted to theprodnetionof one or two lenses the srirri ‘•ontents of 

the furnace is gradually cooled, and so long as the glass is sufficipntl continued whilst 

of the stirring-rod, and of the removal of the fire-cla7cy,indef 

smaU furnaces, containing only one crucible each, are used and so snnn lenses, 

fire is allowed slowly to.die out, so that the glass tiontained ik the’ dtucible c°ook wUh thp7''*®'^’ ' 

becomes annealed. e cools with the furnace, and 

.When the glass is considered to bp sufficiently annealed, the crucible is drawn out the Lmace 
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and is broken away from the mass of glass contained in it. The glass is now cut, by means of sand, 
wire, and water, into horizontal slices, which are carefully examined, and re-cut, so as to eliminate 
defects. Slices thus obtained are placed upon iron moulds, and inserted in a suitable furnace. As 
the heat of the furnace is increased, the glass adapts itself to the shape of the mould, and obtains 
from it the rough outline of its future form. After it has been cooled and annealed, the glass is 
ground, smoothed, and polished. For the manufacture of smaller lenses, the glass in the crucible 
is stirred aftd cooled until it has attained a viscous condition. It is now removed, hy means of 
largj^ hfdles, into suitable moulds, re-heated, and annealed. It has been suggested for the manu- 
facture of large lenses to pour glass directly from the crucible into moulds or collars, so as to avoid 
the necessity of putting out the furnace and breaking the crucible. The glass would be immediately 
moved with the collar or mould into an annealing-kiln. A mass of optical glass may also be ladled 
from the crucible, and, having been attached to the end of a hlow-pipe, be manipulated in the same 
^ manner as sheet-glass. The result is a cylinder, usually thicker in substance than ordinary sheet- 
glass, which is annealed, split longitudinally, flattened, and re-annealed. The plate of optical glass 
thus formed may be cut, ground, and polished, as required. 

Coloured Glass. — When light falls upon a transparent body, the body appears colourless, if 
all the vibrations are transmitted in the proportion in which they exist in the spectrum. If some 
of the vibrations are checked or extinguished, the emergent light will be of the colour produced by 
the coexistence of the unchecked vibrations. Certain metals, when in combination with glass, have 
the power of checking certain vibrations ; some exert a more powerful action than others, and only 
transmit the least refrangible vibrations. An increased proportion of the metal in the glass, or an 
increased thickness of tlie glass, produces the same effect as is gained in the process of sifting by 
diminishing the mesh of the sieve, or by repeating the operation. If two slips of a glass contain- 
ing iron and cobalt in proper proportions be examined, they will be found separately to transmit 
a green effect, but when placed together, so as to double the thickness, they will transmit a red 
colour. 

It is very generally supposed that any one of certain metals, if its condition of oxidation, or its 
proportion be varied, will, in combination with glass, produce the several effects of colour into which 
white light can be decomposed. Thus copper, when suitably treated, will produce the effects of 
blue, green, and red. Metals enter into combination with glass in various ways. The effect of 
avanturine-glass is due to the suspension in the body of the glass of minute particles of metallic 
copper. When oxide of gold is used as a colouring agent, it often happens that some oxide is reduced 
to the metallic state, and the result is a glass, which, when viewed by reflected light, appears to be 
of a dull, opaque, red colour, but, by transmitted light, yields a beautiful opaline blue. Opacity is 
probably due to an insoluble excess of metallic oxide held in suspension in the glass. White 
opacity is obtained by the use of arsenic trioxide, tin dioxide, lime phosphate, powdered talc or 
cryolite. The effect of blackness is obtained by the oxides of iridium, manganese, cobalt, copper, 
or iron in excess. 

Gold to be used in colouring glass is first dissolved in aqua-regia ; the solution, together with 
oxides of antimony and tin, is added to the ordinary ingredients of flint-glass. The ruby colour is 
in a great measure due to the reducing action exercised upon the gold salt by the stannous oxide. 
Euby-glass is usually gathered from the crucible in the form of lumps, weighing J-1 lb. As it is 
gathered from the crucible, it is perfectly colourless, and only acquires its colour after it has been 
chilled and reheated in the annealing-kiln. The ruby lumps, after having been annealed, are 
reheated, as they are required, and used for casing the flint-glass. Articles are never made of solid 
ruby-glass, partly on account of its cost, but chiefly because the colour is so powerful that an almost 
invisible film imparts a rich colour to the article upon which it is spread. 

The red colour of cupper ruby-glass is due to cuprous oxide, and all substances liable to part 
with oxygen, and to convert the cuprous into cupric oxide, must be avoided in its preparation. In 
addition to avoiding oxidizing agents, such as red-lead, and oxide of manganese, it is necessary to 
add reducing agents, to counteract such effects of oxidation as are unavoidable. Stannous oxide 
and iron scales or filings, are for this purpose mixed with the raw materials. The ruby colour 
produced is intense, and can only be used as a casing for colourless glass. The ruby-glass, when 
gathered from the crucible, is of a pale greenish-blue colour, and, like the gold ruby, requires to be 
partially cooled and again heated before the red colour appears. If reheating is carried too far, the 
red is replaced by a dull-brown tint. If copper and iron scales be added in great excess, an opaque 
red mass is obtained. 

Cupric and cuprous oxides, when used without reducing agents, produce peacock-blue or green ; 
the result apparently depends rather on the quantity than on the state of oxidation of the copper. 
A very minute proportion of cupric oxide will give a distinctly blue tint. Ferric oxide (Fe^Oj), 
•in the presence of manganese dio»ide, which parts %ith its oxygen, and thereby tends to maintain 
the oxidation of the iron, produces a rich yellow. Ferrous oxide (FeO) gives a dull-green ; it is 
obtained ei^e^hy the oxidation of metallic iron in the cruciblp, or by the reduction of ferric oxid*. 
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Manganese dioxide by itself and in large quantity gives violet. If the mixture be heated too long, 
the oxygen is driven off, and the glass is rendered colourless. A red is obtained by a mixture of 
manganese dioxide and ferric oxide. A minute trace of cobalt oxide imparts a deep purple-blue. 
Nickel oxide produces a deep red-brown. The oxides of chromium are very slightly soluble in 
glass : a minute quantity gives an emerald-green or yellow colour ; any excess will remain in the 
form of glistening crystals in the body of the glass, and tends to its disintegration. Antimony 
trioxide imparts a faint-yellow tint ; excess tends to produce opacity. Oxide of cadtmum^ves a 
pale-yellow. Uranic sesquioxide produces a bright-yellow, but its peculiar property of fluorescSUce, 
already referred to, gives to the glass, when viewed by transmitted light, a bluish-green effect. 
Oxide of silver, in common with cuprous oxide, possesses the power of staining glass, when applied 
as a pigment to its surface, and heated. This is a more convenient way of obtaining the yellow 
colour which silver oxide gives to glass, as, when mixed with the raw materials of glass, and placed 
in a crucible, it is only with the greatest difficulty that the oxide can be prevented from 
becoming reduced. If reduced, metallic silver sinks to the bottom of the crucible, and the glass 
remains colourless. 

Glass Mosaic for Windows. — The heading of this section is used advisedly. The common 
expressions “ stained ” and “ painted ” glass are misleading, because, in the production of decorative 
windows, stain, enamel, or paint ought to play a very subordinate part, and because excellent effects 
can be obtained without them. It is true that there are coloured windows in which the effect of 
colour is obtained solely by the use of ordinary pigments, cemented to the surface of white 
transparent glass by means of gum or varnish, or by the employment of enamel colours fused to the 
surface of white glass by means of heat. These methods do not produce the essential conditions of 
a good ornamental window, namely, transparency or transluceney combined with durability. It is 
unnecessary to point out the instability of colour depending for its existence upon the strength of a 
gum or varnish. It has been proved by long experience that enamel colours cannot resist 
lengthened exposure to air and moisture, however effective they may be for internal domestic 
decoration. It is obvious that opaque powders fastened upon glass must destroy its transparency 
and transluceney. Permanent and transparent effects of colour can alone be obtained by the mosaic 
treatment of fragments of coloured glasses. For this reason, the mosaic method will alone be con- 
sidered. By mosaic treatment, is meant the representation of the different colours of a design by 
separate pieces of coloured glass. The general effect may be heightened by the appropriate appli- 
cation of the transparent yellow silver stain, and by the sparing use of an enamel brown or black 
for outlines and shading, both the stain and enamel being fixed by heat. 

Glass for coloured windows is made either as crown- or as sheet-glass. The circles and sheets, 
however, are thicker in substance and smaller in dimensions than those used for ordinary glazing. 
The manipulation of coloured circles is the same as that of crown-glass. In the manipulation of 
the coloured sheet-glass, so soon as one end of the cylinder is opened, a flattened circular mass of 
glass, attached to the solid working-real, and larger in diameter than the cylinder, is made to 
adhere to the opened end of the cylinder, the closed end being at the same time detached by a 
sharp blow from the end of the blow-pipe. The cylinder is now manipulated by the working-rod. 
The small broken end is heated and gradually opened, and the finished cylinder is detached from 
the circular mass of glass, and sent to the annealing-kiln. The size of the cylinder is usually only 
about 14 in. x 7 in. ; the size of the sheet, 14 in. x 21 in. The attempted process of ripping up 
the cylinder as soon as made, by means of a large pair of shears, in order that the cylinder may 
be flattened without being previously annealed, is too dilatory to be practically useful ; the coloured 
cylinders are annealed, cut by a diamond, and flattened, in the same way as the thick cylinders of 
ordinary sheet-glass. 

oxides, necessary for the production of colours, ’are introduced into the crucibles 
with the raw materials. Sheets or circles may be entirely gathered from one crucible, or from more 
than one, so as to produce a glass composed of two differently coloured layers. Copper-ruby and 
go -ruby glasses are always treated iu this manner, on account of the great strength of the colours. 
Kilby IS often cased upon blue, green, and yellow, as well as upon white ; and blue upon white and 
green. These cased glasses are particularly useful for representing heraldry, as the casing can be 
removed by abraaon, or by hydrofluoric acid, and the subjacent ground discovered. Splashed or 
sprinkled glass is produced by rolling the gathereil mass of molten glass in small fragments of 
ifferently-coloured glasses ; the fragments become incorporated in the molten glass, and expand 
together with it. Sheets of glass marked with irregular squares or oblongs are often used for 
omestic glazing m which transluceney without transparency is desired. This effect is produced by 
inserting the partially expanded bulb, which is formed in making sheet-glass, into a mould marked 
by deeply indented ribs, and by forcing the glass by the pressure of the breath to adapt itself to the 
form of the ribs By twis^ng the hoUow ribb^ mass, the lines Sre made to cross, and the cylinder * 
/'ll. " "i wary way. The bulls -eyes so largely used now for domestic glSzing, in 
1 1 a ion 0 e ceu res o o crown-glass, are formed like crown-glass on a verg ni^ute scale. 
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Hartley’s rolled coloured plate is used in considerable quantities for domestic glazing. Glass 
stamped with patterns, and shaped into quarries, is produced in the same manner as pressed-glass. 
These quarries, when part of the stamped pattern is picked out with yellow stain, are very effective 
and cheap. 

The first step in the manufacture of a mosaic window is the drawing of a small sketch to scale. 
According to the general features of the sketch, a full-sized drawing or cartoon is formed; a 
tracing on transparent cloth is then taken from the cartoon. Upon this cloth, are marked the 
8ha(»es*in which the pieces of glass must be cut, also numbers, indicating which colours are to 
be used. The cutter selects the glasses, and places them over the working drawing, which 
is raised upon a transparent desk, and marks the shapes with a diamond. The glass is severed 
by a sharp blow, and minute alterations of curvature or size are effected by means of clippers. If 
the window is merely to be fiUed with glass ornamentally arranged, it is only necessary to 
^ . unite the different pieces in a panel ; this is usually accomplished by surrounding and binding 
together the pieces with doubly-grooved strips of lead. These are first roughly cast in lengths 
of about 1 ft. These lengths are separately placed in a null, and compressed between two wheels, 
revolving in a perpendicular plane and an inward direction. On either side of the space 
between the edges of the two wheels, is a cheek, which forms the double leaf of the leaden strip. 
When the end of a length of lead is introduced between the wheels, and these are caused to 
revolve, the lead is drawn inwards, and at the same time compressed and elongated. The lead 
issuing from between the wheels is usually more than six times longer than when it was inserted. 
When the pieces of glass have been united, and a panel has been formed, and bound round with 
a leaden grooved strip similar to, but stronger than, that used for uniting the small pieces of 
glass, the joints of the different pieces of lead are made good by solder ; and finally, the union of 
glass and lead is rendered impervious to moisture, by temporarily raising the leaf of the lead, and 
rubbing in a cement made of boiled oil and white-lead. 

Stains . — There are only two transparent glass-stains at present known: a yellow stain, produced 
by oxide of silver ; and a ruby, by cuprous oxide. The latter is very rarely used. A stain may 
be roughly described as a transparent eflfect of colour obtained by applying certain metallic 
oxides to the srufaoe of glass, in the same manner as pigments are applied to canvas or paper, and 
by subjecting the glass to heat. The stain should be incorporated in the glass, and should 
be as durable as the glass itself. For yellow, either oxide or nitrate of silver is used ; the latter is 
preferable by reason of its solubility and easy manipulation. In either case, it is necessary to 
employ some finely divided infusible medium, moisteued with water or tar-oil. The media 
generally used are peroxide of iron, and kaolin. 

Enamels . — An enamel paint may be either an exceedingly fusible glass, coloured by some 
metalUc oxide, and rendered opaque by the presence of arsenic trioxide, or an equally fusible 
transparent glass, mixed with some opaque infusible powder. It is always applied as a pigment, 
and is fixed to the glass background by heat. It is essentially a glass, and, by heat, should become 
. partially incorporated with the glass upon which it is painted. There is little doubt that, in former 
times, artists ground up for their paint some of the self-same glass as that with which they were 
glazing their -windows. Paints formed in this manner require for proper fusion the actual melting- 
heat of the glass to which they have been applied. The pieces of glass background are, therefore, 
usually found to be injured and distorted when removed from the kiln. To obviate this defect, it 
has become customary to fix the paint by means of a glass very much more fusible than the glass 
used for glazing. Such a glass may be produced by the addition of a considerable proportion of 
borax to the raw material of fluid glass, or by the diminution of the proportion of silica in the 
same glass. One of the first requirements in a window is that it shall keep out the weather. Any 
decoration, therefore, that happens to be on the outside of the glass, must be able to resist the action 
of the atmosphere. Internal decoration is at the same time exposed to the eontiuned action of the 
products of human respiration, viz. moisture and carbonic acid, as well as to the moisture always 
present in the air. The borax contained in an enamel paint is rendered anhydrous by fusion, but 
after lengthened exposure, it reabsorbs moisture, and becomes hydrated and efflorescent. The 
efflorescence of the borax means the decay of the glass used to fix the pigment to the background. 
After efflorescence has continued for some time, the pigment begins to flake off, and finally the 
background is denuded of ornament. Very few of the pigments sold at the present time for the 
decoration of glass do not contain borax. The use of such pigments upon work intended to be 
permanent should be carefully guarded against. Flint-glass, rendered more fusible by the 
reduction of the proportion of silica, is not liable to efflorescence when used as a fixative ; care, 
however, must be taken in preparing the fixative, that the raw materials are mixed in combining 
proportions. If there be an excess of any ingredient, decay must necessarily follow. A glass 
• formed according to the formu^ PbO . K'^O . 4SiPj, which is the same as that of flint optical glass, 
will Bfe found sufficiently fusible for use as a fixative, and will resist the Setion of the atmosphere. 
The leg^in^te use of enamel paint for the permanent decoration of glass is in the form of a dark- 
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brown or red-opaque colour, for outlines and shading. This is prepared by carefully grinding and 
mixing with the powdered fusible glass a proportion of ferric oxide, cupric oxide, or black oxide of 
cobalt. The oxide of iridium is also occasionally employed. The colour is applied to the surface 
of glass in the same manner as an ordinary pigment. Shallows may bo ropresoiited by one of three 
methods, or by a combination of the same : (1) by colour applied in a mass, known as ‘‘ smear 
shadow”; (2) by thin lines of colour interlaced, known as “cross-hatching”; (3) Ijv a mass of 
colour allowed partially to dry, and then disturbed by the action of a soft-haired brush, kqpwn as 
“ stipple ” shadow. By the last method, the colour ia scattered in separate particles, and a ce?ferfi 
amount of light is allowed to pass, which gives an effect of transparency. The effect of high light 
is obtained by removing, with a sharp point, parts of a smear shadow. 

The kilns used for burning-in stain and enamel are represented in Fig. 802. 1, 2, 3 may 

be regarded as the same kiln 
in different conditions ; S is the 
firing door ; G, the giate ; o, cast- 
iron screens, placed one upon 
the other, with protruding open- 
ings to allow the sbiker to watch 
the progress of the glass within ; 

K, cast-iron casing or muffle, 
with iron shelves resting upon 
ridges projecting from the sides 
of the muffle, upon which the 
pieces of glass rest; the inside 
of the muffle is always carefully 
coated with whiting, and the 
shelves are covered with a layer 
of plaster of Paris, in which the 
glass is imbedded ; /, openings, 
allowing the fire to pass from the grate, and through the arch A, in such a manner as to surround 
the muffle, and to pass off through /' into the main flue F ; X, soot doors. 

Mosaic windows may be divided into two classes, namely, pattern and picture windows ; in the 
former, the pattern may be entirely represented by the shapes and colours of the glass of which it 
is composed, or may to a certain extent depend upon the use of enamel colour ; in the latter, the use 
of enamel colour is absolutely necessary. In the manufacture of u picture window, or of a pattern 
window, whose effect partly depends upon painted outlines or shadows, the pieces of glass must 
pass from the cutter’s hands into those of tlie artist. The artist places the pieces of glass over the 
cartoon, and traces the outlines with enamel colour. The process of tracing upon dark-oolourcd glass 
IS facilitated by the use of a transparent desk. After the outline has been traced, the pieces of i-lass 
are fastened to a glass easel, by means of wax, in such a way that the artist can obtain an idea, as 
the work proceeds, of the ultimate effect of the pattern or picture. Whilst the glass remains upon the 
e^el, the artist introduces shadows and high lights, .and applies stain wherever it mav be required. 
The pieces ot glass pass from the artist to the kilns ; and from tlie kilns, to the -daz.ier und cementer 

Ecosomies m Glass-Masvfactciie.-Iu every glass-u.anufaetorv, there must be considerable 
waste : prosperity much depends upon its reduction to the smallest limits. The production of 
f accumulation of disqualified glass for which profitable uses 

erlte of a ftmnaT mixed, and introduced into erne.bles st.auding around the 

fhf moltef oT r '' rai^, and tlie fusion of the raw materials, and the ],.iiification of 
the molten glass take place. Puiihcation consists in tlie escape of .m»cs venerated bv the 
decomposition ot the materials, and in the rising of infusible impurities to the surface of the ohi 

ite o TnriorTs TtlT'Vf, instalment of 
for remdtSrwit* “toTe 

Glass is liable to various blemishes even tlmiKwi, a i i , 

Discoloration arises, not only from impuritv in the’ raw 

variationoftemperatnreinthefnrnace- if tLlow the n “ ^ 

and the glass will be pink ■ if too hi-h the redoct' dioxide will remain unreduced, 

green or brown. A cold furi^ce" ilitcluu;"^ ?™T'i 

white solid specks are eaus^ by decay of the ^ 

temperature, or to imperfect c'ombiatiol The waste canserbftl 1i‘“ ^7 ‘i° va.iatioiis of 

by t]ie fact, that a shade of either pink or brown or a sinS } I w’'® exemplified 

A , r a siUjjie bubble, speck, or cord, is »ufllcieut to 
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condemn a flrst-claas wine-glap. Considering the extent to which the temperature of the furnace 
influences the purity of glass, it is astonishing that manufacturers are still in want of a reliable and 
handy pyrometer. Those at present in use depend either upon the contraction of unburnt clay, or 
upon the expansion of burnt clay, and are cumbrous and untrustworthy. 

When glass is gathered, scales from the gatliering-rod adhere to the portion immediately in con- 
tact with it. If glass, soiled with scales of iron, be remelted without the addition of a considerable 
quantity of ftie manganese dioxide, the resultant glass will be discoloured. To avoid the scaling of 
tie.«on, it has been proposed eitlier to plate the ends of tlie gathering-rod with platinum or some 
other difficultly fusible metal, or to subject them to the process of oxidation by superheated 
steam, invented by Prof. Barff. For the manufacture of a wine-glass, at least two distinct gatherings 
of molten glass are necessary. At each gathering, the weight taken from the crucible is at least 
double that actually used. Considering also the large number of wine-glasses rejected in course of 
^ .manufacture, at least half the contents of the crucible is wasted. In annealing, in moving from the 
annealing-kiln, in smoothing and grinding, in cutting, and in carriage, there is necessarily a very 
large amount of breakage and of waste. AU broken glass is carefully collected and sorted. The best, 
together with that ladled from the crucibles, is mixed with the raw material, and remelted. To the 
second best, i. e. that to which iron scales adhere, a proportion of manganese dioxide is added, 
together with the raw material. The third quality must be used for the production of coloured 
glass, or be worked up into some inferior ware. 

At the St. Gobain Works, inferior glass is worked into tiles and transparent paving-blocks, as 
represented in Fig. 803. In manufactories where mosaic windows are made, the discoloured glass 
may profitably be mixed with 
metallic oxides, and worked into 
coloured sheets or circles. It 
may also be slightly tinted, and 
pressed into glazing-quarries. 

In addition to glass of inferior 
quality, there is always a large 
quantity which has become so 
mixed with clay and dirt as to 
be unfit for use as transparent 
glass. If this final waste be 
carefully collected and sifted, 
and if, after it has been ground 
into an almost impalpable pow- 
der, it be spread upon clay 
tiles, and partially melted in a 
kiln, it forms an opaque sub- 
stance, which is exceedingly hard, and suitable for pavements or wall decorations. By the inter- 
mixture of metallic oxides, almost any colour can be produced. The substance possesses a granular 
surface, and its colour is usually beautifully irregular ; in these respects, it compares favourably 
with clay tiles. Another use proposed for powdered glass waste is as a partial substitute for 
emery in emery-wheels. 

Bibliography. — C. Winston, ‘ Hints on Glass-painting ’ (London : 1817) ; A. Pellatt, ‘ Curiosities 
of Glass-making ’ (London : 1819); W. Stein, ‘ Glas-fabrikation ’ (Brunswick: 1862); P. Flamme, 
‘LeVerrier au xix. Siecle ’ (Paris : 1863); C. Winston, ‘ Art of Glass-painting ’ (Loudon : 1865); 
P. Flamme, ‘XJn Chapitre snr la Verrerie’ (Paris: 1867); G. Bontemps, ‘Guide du Verrier’ 
(Paris : 1868) ; F. S. Bartf, ‘ Glass and Glass-painting ’ (Cantor Lecture, Soc. Arts, London : 1872) ; 
H. E. Benrath, ‘ Glas-fabrikation ’ (Brunswick : 187.5) ; J. Fowler, ‘ Decay in Glass ’ (Archseologia, 
vol. xlvi., London : 1880) ; E. Gemer, ‘ Glas-fabrikation ’ (Vienna and Leipzig). H. J. P. 

GRAPHITE (Fb., Graphite ; Geb., Grapkit). 

Graphite is also called “ plumbago ” and “ blacklead,” misnomers associated with the erroneous 
idea that lead enters into its composition. This valuable miueral is now recognized as a native 
form of carbon ; its chemical properties, however, have yet to be fully discovered, and geologists 
are still at variance concerning its probable origin ; on these points, therefore, only so much will be 
said as has a practical bearing upon the applications of the substance. Two distinct varieties are 
noticed : the one, fine-grained, or amorphous ; the other, foliated, or compounded of numerous 
little scales; sometimes also it appears as an impregnation of other rocks, rather than as a distinct 
rock in itself. Geologically, it is confiued^to the oldest formations, and is.usually, if not universally, 
'associated with metamorphic acti#i. • ’ ^ 

Its gSbgrapliical distribution includes all five quarters of the globe. Among European localities, 
the first plqipe giust be assigned to the historically renowned mjnes of Borrowdale and Keswick, jp 
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Cnmtedaod.'-Xbiise'W^ieTeedddbfao acoidoitalqtonimiea^asd wertjrerfcad Mtarfyt M<~t. 
TM ^tlns snd scorei^ of the minenil severely piemked the tbierhig pippeositieB of the 
boniiDg popnUioii, so mneh so that qiecisl l^islation was seeded is 1752 to protect t|^ ‘VtfiuttB-J-"- 
Jh 1788, the ostput was 417 eashs (each costaisisg 70 lb.) of the best quality, wboee 
esti&rted at 45,0001. Is 1804, when the price was 35s. a lb., the nett profits reached n%87iK 
The entrance to the mine was enclosed by a stont bnUding, and the workmen were seudred on ' 
feaving. The graphite fonnd here is of the fine-grained or amtaphons variety, e*dk^Bi^ ftora 
95 to nearly 100 per cent.' of carbon, the imparities being nsoally small quantities of fOitf tw.- 
The mineral, which is locally known as “ wadd,” occurs in nests, “ sops,” •“banohee^*^ Os “cdls,” 
in a partially decomposed trap-rock, mnning through clay-slate : it is worked by means of "slices,” 

“ vans,” and “ pipes.” These mines were for many years the sole known source of grnphit^ and i 
their prodimtive capabilities were so great that it was only necessary to work them fbr S few ‘ ** 
months in order to supply the markets for several years. During the intervals of idlenesi^ ■ 

wcEte adopted for flooding the workings with water, as the surest preventive of stealing. , * * . 

Late in 1875, the mines were reopened, after having been closed for an unusually long on. , , » 
account of private and legal difficnlties. The protracted inactivity had given rise to mmoilis that \ 
the deposits were exhausted, but nests have recently been discovered of as large dimaukms and r> ^ 

, as good quality as hitherto. For the purpose Of pencil-making, it remains unequalled by tlmt bm. 

any other source. The minor occurrences of the mineral in the United Kingdom are: in {pfit st •, * 

at Glenstrathfarrar, in Inverness ; in coal-beds which have been formed in contact with toq^at 
* Ctaigman. in Ayrshire ; and in small lumps, in the elvan courses of Cornwall. */ 

Germany possesses several graphite deposits. A variety about equal in purity to that of ' 

Cumberland, but somewhat more amorphous and friable, occurs in considerable quantities at *. 

Griesbach, near Passau, in Bavaria. It is not refractory, and is therefore valueless tot eruoible- 
making, and is of little use as a lubricator ; but for pencils, it is largely employed, arid is imptwted -* 
into this country for m a kin g domestic blacklead (stove-polish). In the Adelheidedllwrk eo al- 


mine, at Bybnik, Prussian Sdesia, an important layer of graphite earth has been found, in **"‘Tk TiirM '’jt ' . 
exceeding 40 ft. Trials are said to have proved it well fitted for lutinc'. mnfflea hoarHu. a-, a fr!.'; 




exceeding 40 ft. Trials are said to have proved it well fitted for luting, muffles, hearths, 4c. A 
specimen of graphite from Styria exhibited coarsely foliated structure, strong metallic liatie, and 
sp. gr. 2" 1443. Its composition was Carbon, 82 • 4 ; silica (belonging to the ash), 12 • 38 ; ^ 

3-9; peroxide iron, 0-53; protosesqnioxide manganese, 0-62; lime, 0-02; atkaliee, tnoea. The 
production of graphite in the Austro-Hungarian Empire was 203,166 metrical centners (of llOJ lb.) = 

in 1875, and 127,171 in 1876. S^in has lately sent some graphite of feir quality to this coimtty.i^ '■ 
An analysis of Portuguese graphite gave:— Water (including hygroscopic), 10-21 ; carbon, 38-47 
ash, 50-81. A sample from Upemavik, Greenland, hard and of pole colour, nsdess for 'pencBA?^^ 
showed:— Carbon, 96-6; ash, 3-4 per cent. An occurrence of graphite with quartz is leportod^ . 
from Arendal, Norway. The mineral has also been fonnd in Finland. . 

The distribution of graphite in Asia is by no means inconsiderable. A deposit, said to be vmy 
abundant, has been discovered in the Bagontal mountains of S. Siberia, near the 
of which great things are predicted. Seebohm, in 1879, brought about 20 tons of almost pi^S* 
grai^iite from the banks of the Kureijka. The deposit U leased by a Bnssian from his govemi^^^^ 1: 
and has not yet been the scene of anything like scientific working. Two samples of Siberian * 

from Stephanovsky respectively revealed on analysis the following composition :— Carbon. 36^?^' 
33'^20; silica, 37-72, 43-20; ferric oxide, 4-02, 3-05; alumina, 17-80, 15-42'; lime and magneeiaL'^" • ’ 
1-20, 1-06; volatile matters, 3-20, 4 03; sulphur, traces, 0-04. English graphite tewMtolte ^ 
imported into Bussia, for admixture with the low-grade native produce. Deposits Of IameBa«-fc 
graphite have been found in several parts of India. In 1862, a new mine was discovered at^^^ ^ ? 


imar Gors^aon. The mineral is found in masses of variable size, and generally quite deteSetf i 
In smne cases, the surroundine rock is imDrermated cTranhrf.. —s j . .. 


■? “ff’- rwk is impregnated with graphite, mixed with il 

partieles. It yields on analysis : — Carbon, 78-45 ; silica and alumina, 12-98 - neioxide 
esabonate lime, 0-84; water, 4-35; alkaline sulphates and oU^W o-08.’ 


are ^ost everywhere impregnated with graphite, so that it may’even be seen coverfwt'k * 
tte Buriace m the drains alter a recent ahnwnr Tlxit . 


^ Eatnapoora and at BelM^TS 
^^^hed fadney-shaped masses, at 4 to 24 ft below the surfime. The cost of dSr^ 
a™^ 5 .,,^!t<^.are the ctoef expenses attending it; the supply is practicaUy inexhausttff^l.' 

,-r ^ *beir decompositiou,ft bmmM 

'*0 ® scattered thro^^ev^ 

feflie^^and me numbered by hundreds, and fresh discoveries areeonstanaXne 3 — 

H mrti(»nlarlv fnw ita a_* _• ^ W»Dg Boaoe* 


remarkable ter its purity, c»ntaining 

a*. Three samples revealed the following features -— ^ proi«*teH» 

A Amorphous, : volatile matters, 0-15§%: ;acbon, 99-792%; ash, O-OSO^I , 
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